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Despite increasing knowledge of social and biological risk factors for antisocial and violent behavior,
we know surprisingly little about how these two sets of risk factors interact. This paper documents
39 empirical examples of biosocial interaction effects for antisocial behavior from the areas of genetics,
psychophysiology, obstetrics, brain imaging, neuropsychology, neurology, hormones, neurotransmit-
ters, and environmental toxins. Two main themes emerge. First, when biological and social factors are
grouping variables and when antisocial behavior is the outcome, then the presence of both risk factors
exponentially increases the rates of antisocial and violent behavior. Second, when social and antisocial
variables are grouping variables and biological functioning is the outcome, then the social variable
invariably moderates the antisocial–biology relationship such that these relationships are strongest
in those from benign home backgrounds. It is argued that further biosocial research is critical for
establishing a new generation of more successful intervention and prevention research.
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INTRODUCTION

Over the past 50 years, important progress has been
made in delineating replicable psychosocial risk factors
for antisocial and violent behavior (Farrington, 2000;
Hinshaw & Anderson, 1996; Loeber & Farrington, 1998;
McCord, 2001; Rutter, Giller, & Hagell, 1998). Within the
past 15 years, important progress has also been made in
uncovering biological risk factors that predispose to anti-
social behavior (Lahey, McBurnett, Loeber, & Hart, 1995;
Moffitt, 1990a; Rutter et al., 1998; Susman & Finkelstein,
2001). Despite this progress, we know surprisingly lit-
tle about how these different sets of risk factorsinter-
act in predisposing to antisocial behavior. Furthermore,
although passing heuristic and theoretical references are
frequently made to such interactional influences, there are
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remarkably few investigators who are conducting serious
empirical research on this interface in humans (Raine,
Brennan, & Farrington, 1997).

The goal of this paper is to review the known facts
on biosocial interaction effects in relation to antisocial and
violent behavior in order to highlight this important yet un-
derresearched field. The focus is placed on documenting
empiricalexamples of interaction effects within the areas
of genetics, psychophysiology, obstetrics, brain imaging,
neuropsychology and neurology, hormones, neurotrans-
mitters, and environmental toxins, rather than describing
heuristic conceptualizations or theoretical perspectives.
Only research on humans will be reviewed as perspec-
tives from the animal literature are given in Miczek (2001),
Suomi (1999), and Niehoff (1999). Although more com-
plex transactional perspectives are potentially very impor-
tant (Hinshaw & Anderson, 1996; Susman & Ponirakis,
1997), they are not the focus of this particular review be-
cause there are few empirical long-term outcome studies
of serious antisocial and violent behavior.

The emphasis is placed on empirical knowledge
because research in this area of antisocial behavior is
sorely lacking hard empirical data on the nature of in-
teractions, whereas in contrast speculation is rampant. By
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Fig. 1. Heuristic biosocial model of violence.

documenting these findings at this point in time, the field
will be better placed in the future to develop more sophis-
ticated and specific biosocial theories of violence, which
are empirically testable, as opposed to overly amorphous
and all-encompassing. Nevertheless, good theory is also
critical for scientific advance, and theoretical perspectives
will be returned to in the conclusion section.

To serve as a heuristic guide to this review, Fig. 1 il-
lustrates a simple biosocial model of violent behavior that
highlights the key influences of genetic and environmen-
tal processes in giving rise to social and biological risk
factors that both individually and interactively predispose
to antisocial behavior. The model also incorporates so-
cial and biological protective factors, influences that will
be touched upon briefly in this review. Inevitably, this
model is overly simplistic, but it does provide a frame-
work within which the research reviewed below can be
viewed. It should also be noted that what constitutes a bio-
logical variable and what constitutes a social variable is
open to question. There is much that is social about bio-
logical variables (e.g., head injuries leading to brain dys-
function are caused by the environment) and much that
is biological about social variables (e.g., genetic factors,
and their biological predispositions, contribute to bad

parenting). Although “biological” and “social” are in strict
terms false dichotomies, they are retained here for illustra-
tive purposes.

GENETICS

There is now clear evidence from twin studies, adop-
tion studies, twins reared apart, and molecular genetic
studies to support the notion that there are genetic influ-
ences on antisocial and aggressive behavior (Raine, 1993;
Rowe, 2001; Rutter, 1997). The more challenging issue
now concerns if and how genetic processes interact with
environmental processes in predisposing to antisocial be-
havior. Twin studies find stronger evidence for heritability
of antisocial behavior than adoption studies (Raine, 1993),
and because interaction effects will influence heritabil-
ity estimates from twin but not adoption designs, there is
prima facie evidence that such interactions exist. Indeed,
it is a truism that genetic processes need an environment
in which to become expressed. As such, environmental
changes will turn these genetic influences on and off across
the life-span (Plomin & Rutter, 1998). Genetic factors
likely give rise to biological risk factors for antisocial be-
havior such as low arousal, and if gene× environment
interactions are found, this would suggest that interaction
effects may well exist at the level of biological influences,
a view that will be returned to later.

Gene by Environmental Interactions

One of the most striking examples of gene by en-
vironment interactions in genetic studies of crime is a
cross-fostering analysis of petty criminality (Cloninger,
Sigvardsson, Bohman, & von Knorring, 1982), results of
which are illustrated in Fig. 2. Male Swedish adoptees
(N = 862) were divided into four groups depending on
the presence or absence of (a) a congenital predisposition
(i.e., whether biological parents were criminal) and (b) a
postnatal predisposition (how the children were raised
by their adoptive parents). When both heredity and envi-
ronmental predispositional factors were present, 40% of
the adoptees were criminal compared to 12.l% with only
genetic factors present, 6.7% for those with only a bad
family environment, and 2.9% when both genetic and en-
vironmental factors were absent. The fact that the 40% rate
for criminality when both biological and environmental
factors are present is greater than the l8.8% rate given
by a combination of “congenital only” and “postnatal
only” conditions indicates that genetic and environmental
factors interact. Further analyses indicated that occupa-
tional status of both biological and adoptive parents were
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Fig. 2. Increased adult crime in adoptees when both genetic and environmental risk factors are
present for both males (Cloninger et al., 1982) and females (Cloninger & Gottesman, 1987).

the main postnatal variables involved in this nonadditive
interaction.

Cloninger and Gottesman (1987) later analyzed data
for females to compare with the findings for males. As
would be expected, these crime rates in female adoptees
are much lower than for males, but the same interactive
pattern is present: crime rates in adoptees are greatest when
both heritable and environmental influences are present,
with this interaction accounting for twice as much crime
as is produced by genetic and environmental influences
taken alone (see Fig. 2).

Evidence for gene× environmental interactions is
also provided by Cadoret, Cain, and Crowe (1983) who
presented data from three adoption studies. When both
genetic and environmental factors are present, they ac-
count for a greater number of antisocial behaviors than ei-
ther of these two factors acting alone. Crowe (1974) also
found some evidence for a gene× environment interac-
tion in his analysis of adopted-away offspring of female
prisoners, although this trend was only marginally signif-
icant (p < .10). Cadoret, Yates, Troughton, Woodworth,
and Stewart (1995), in an adoption study of 95 male and
102 female adoptees whose parents had either antisocial

personality and/or alcohol abuse showed that parental anti-
social personality predicted increased aggression and con-
duct disorders in the offspring, illustrating evidence for
genetic processes. But in addition, an adverse adoptive
home environment was found tointeractwith adult anti-
social personality in predicting increased aggression in the
offspring, that is, a gene× environment interaction effect.

Gene by Environmental Correlation
and the Moderating Effects of Demographics

A related but different concept is that of gene–
environment correlation. An interesting example is pro-
vided in a study by Ge, Conger, Cadoret, and Neiderhiser
(1996) who showed that the adopted away offspring of bi-
ological parents who had antisocial personality/substance
abuse were more likely to show antisocial and hostile
behaviors in childhood compared to the adopted away
offspring of nonantisocial, nonsubstance abusing parents.
This helps establish genetic transmission of childhood an-
tisocial behavior, but in addition an association was found
between antisocial behavior in thebiological parent and
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the parenting behaviors of theadoptiveparents. This can
be explained by a transmission pathway in which the bio-
logical parent contributes a genetic predisposition toward
antisocial behavior in the offspring. The antisocial off-
spring then in turn elicit negative parenting behaviors in
the adoptive parents. This study provides direct evidence
of an “evocative” gene–environment correlation, and sug-
gests that the association between negative parenting in
the adoptive parent and antisocial behavior in the child
is mediated by genetic processes. One of the goals of fu-
ture behavior genetic studies should be to examine the
interplay between genes and environment in this fashion
further. More generally, there are likely to be future excit-
ing developments with respect to identifying the specific
genes, which give rise to the risk factors that shape crim-
inal behavior.

An interaction of a different kind was also reported
by Christiansen (1977) in an analysis of Danish twin data
on criminality. Although overall he found significant her-
itability for crime, he also found that such heritability was
greater in (a) those from high socioeconomic backgrounds
and (b) those who were rural born. In other words, these so-
ciodemographic variables moderated heritability for crim-
inal behavior. This finding is of interest because, as will
be seen below, it has also been found on several occa-
sions with respect to psychophysiological and brain imag-
ing studies. This suggests that stronger biology–antisocial
findings can be found in social contexts where social pre-
dispositions to crime are minimized.

PSYCHOPHYSIOLOGY

Psychophysiological characteristics are prime can-
didates for possible interaction effects with psychosocial
variables because, as the name implies, they tap the dy-
namic interface between psychological processes and
physiological processes. They also have significant her-
itability and are likely to provide one of the routes through
which genetic influences on antisocial behavior find
expression.

Moderating Effect of Benign Home Backgrounds:
The Social Push Perspective

A number of studies have found that psychophysi-
ological factors show stronger relationships to antisocial
behavior in those from benign social backgrounds that
lack the classic psychosocial risk factors for crime. For
example, although in general resting heart rate level is
lower in antisocial individuals, it is a particularly strong
characteristic of antisocial individuals from higher social
classes (Raine & Venables, 1984b), those from privileged

middle class backgrounds attending private schools in
England, (Maliphant, Hume, & Furnham, 1990), and those
from intact but not broken homes (Wadsworth, 1976).
One prospective study found that low resting heart rate
at age 3 years related to aggression at age 11 years in
Creole Mauritians from high but not low social classes
(Raine, Reynolds, Venables, & Mednick, 1997). Increased
heart rate variability (indexing increased vagal tone and
related to reduced heart rate level) was found to relate
positively to aggression in young adults who had not been
victims of violence, but not in those who were victims
of violence; in this study moderating effects were not ob-
served for resting heart rate (Scarpa, Romero, Fikretoglu,
Bowser, & Wilson, 1999). Similarly, with respect to elec-
trodermal classical conditioning, reduced skin conduc-
tance activity characterizes antisocial adolescents from
high but not low social classes (Raine & Venables, 1981),
criminals without a childhood history broken by parental
absence and disharmony (Hemming, 1981), and “privi-
leged” (high SES) offenders who commit crimes of eva-
sion (Buikhuisen, Bontekoe, Plas-Korenhoff, & Van
Buuren, 1984). In children, reduced skin conductance ori-
enting to neutral tones at age 3 years is related to aggres-
sive behavior at age 11 years, but only in those from high
social class backgrounds (Raine, Reynolds, Venables, &
Mednick, 1997). Similarly in adults, schizoid criminals
from intact but not broken early home environments show
reduced SC orienting (Raine, 1987).

One explanation for this pattern of results is the “so-
cial push” hypothesis. Under this perspective, where an
antisocial childlackssocial factors that “push” or predis-
pose him/her to antisocial behavior, then biological factors
may more likely explain antisocial behavior (Mednick,
1977; Raine & Venables, 1981). In contrast, social causes
of criminal behavior may be more important explanations
of antisociality in those exposed to adverse early home
conditions. This is not to say that antisocial children from
adverse home backgrounds will never evidence biologi-
cal risk factors for antisocial and violent behavior—they
clearly will. Instead, the argument is that in such situations
the link between antisocial behavior and biological risk
factors will be weaker (relative to antisocial children from
benign social backgrounds) because the social causes of
crime camouflage the biological contribution. Conversely,
in the case of antisocial children from benign home back-
grounds, the “noise” created by social influences on an-
tisocial behavior are minimized, allowing the biology–
antisocial behavior relationship to shine through.

The importance of this perspective is that biological
researchers would be well-advised to take into account
psychosocial risk factors if they want to uncover stronger
biology–antisocial relationships. Reversing the approach,
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psychosocial researchers may find stronger links between
psychosocial influences and antisocial behavior in
children who lack biological risk factors for antisocial be-
havior, although to date no one appears to have tested this
proposition.

Interactions Between Psychophysiological
and Social Risk Factors

These examples of biosocial interactions are unusual
in that the psychophysiological variable is the dependent
variable. In these cases, the question that is being asked
is whether antisocial individuals with good or bad social
backgrounds differ in psychophysiological functioning.
When antisocial behavior becomes the dependent variable
however, a different conceptual question is posed, namely,
is antisocial behavior greatest in those with both social and
biological risk factors? Put another way, do psychophys-
iological factors interact with social factors in explaining
the outcome of antisocial behavior?

There have been fewer examples of studies address-
ing this question in the psychophysiological literature.
One particularly thorough analysis is given by Farrington
(1997) with respect to statistically significant interactions
between resting heart rate and psychosocial variables.
Boys with low resting heart rates are more likely to be-
come violent adult offenders if they also have a poor rela-
tionship with their parent, and if they come from a large
family (Farrington, 1997). Similarly, boys with low heart
rates are especially likely to be rated as aggressive by their
teachers if their mother was pregnant as a teenager, if they
come from a low SES family, or if they were separated
from a parent by age 10 (Farrington, 1997).

Protective Factors

Until recently, nothing was known about biological
factors that can protect against antisocial outcome, but
there is now some evidence that heightened autonomic
arousal may play such a role. Adolescent antisocial behav-
ior is a risk factor for later criminal behavior, but some anti-
social adolescents desist from further antisocial behavior.
These individuals, compared to both antisocial boys who
become criminal and never antisocial controls show in-
creased electrodermal and cardiovascular arousal and ori-
enting in an English sample (Raine, Venables, & Williams,
1995, 1996). In an independent extension of these findings,
Brennan et al. (1997) found that Danish boys who had a
criminal father but who did not become criminal them-
selves were characterized by increased electrodermal and
cardiovascular orienting compared to both nonantisocial
offspring of noncriminal controls, and criminal offspring

with criminal fathers. This latter study is particularly in-
teresting because it illustrates how the social risk factor of
having a criminal father moderates the protective role of
heightened autonomic functioning in relation to crime
outcome.

Interpretation of Reduced Autonomic
Activity in Antisocial Children

Why should low autonomic activity predispose to
antisocial and criminal behavior? There are at least two
main theoretical interpretations. Fearlessness theory indi-
cates that low levels of arousal are markers for low lev-
els of fear (Raine, 1993). A fearlessness interpretation of
low arousal levels assumes that subjects are not actually
at “rest,” but that instead the rest period of psychophys-
iological testing represents a mildly stressful paradigm.
Low arousal during this period is taken to indicate lack of
anxiety and fear. Lack of fear would predispose to anti-
social and violent behavior because such behavior (e.g.,
fights and assaults) requires a degree of fearlessness to exe-
cute, whereas lack of fear, especially in childhood, would
help explain poor socialization because low fear of pun-
ishment would reduce the effectiveness of conditioning.
Fearlessness theory receives support from the fact that au-
tonomic underarousal also provides the underpinning for a
fearless or uninhibited temperament in infancy and child-
hood (Fowles, Kochanska, & Murray, 2000; Kagan, 1994;
Scarpa, Raine, Venables, & Mednick, 1997b).

A second theory explaining reduced arousal is
stimulation-seeking theory (Eysenck, 1977; Quay, 1965;
Raine, 1993; Raine, Reynolds, Venables, Mednick, &
Farrington, 1998). This theory argues that low arousal rep-
resents an unpleasant physiological state, and that antiso-
cial individuals seek stimulation in order to increase their
arousal levels back to an optimal or normal level. Anti-
social behavior is thus viewed as a form of stimulation-
seeking in that committing a burglary, assault, or robbery
could be stimulating for some individuals. Stimulation-
seeking and fearlessness theories may be complementary
perspectives in that a low level of arousal may predispose
to crime because it produces some degree of fearlessness,
and also because it encourages antisocial stimulation-
seeking. Indeed, behavioral measures of stimulation-
seeking and fearlessness, both taken at age 3 years in a
large sample, predict to aggressive behavior at age 11 years
(Raine, Reynolds, et al., 1998). The combined effect of
these two influences may be more important in explaining
antisocial behavior than either influence taken alone.

In contrast to arousal deficits, explanations of re-
duced orienting activity have centered on attentional and
prefrontal dysfunction theory. Raine and Venables (1984a)
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proposed an attention deficit hypothesis in which it was
argued that antisocial individuals were characterized by
a fundamental deficit in the ability to allocate attentional
resources to environmental events. In discussing this per-
spective, Fowles (1993) alternatively suggested that there
may be two attentional deficits in antisocial individuals,
one deficit with respect to attending to neutral stimuli, and
other deficit with respect to the anticipation of aversive
events.

Reduced skin conductance orienting has also been
interpreted with respect to a prefrontal dysfunction hy-
pothesis of antisocial behavior (Raine, 1997). Briefly, this
perspective argues that damage to the prefrontal region
of the brain leads to psychophysiological abnormalities
(reduced orienting and arousal) that predispose to traits
and characteristics (e.g., stimulation-seeking, disinhibi-
tion, attention deficits), which in turn predispose to antiso-
cial behavior. Support for this model stems from research
showing that the prefrontal cortex is involved in the gene-
ration of skin conductance orienting responses (Damasio,
Tranel, & Damasio, 1990; Williams et al., 2000) and
is also involved in arousal regulation and stress respon-
sivity (see Raine, 1997 for further details). Reduced auto-
nomic arousal is in turn associated with increased
stimulation-seeking (Gatzke, Raine, Loeber, Steinhauer,
& Stouthamer-Loeber, 2002), fearlessness (Raine, 1993),
and disinhibition (Fowles et al., 2000; Scarpa, Raine,
Venables, & Mednick, 1997a), traits that in turn have been
associated with antisocial behavior (Raine, Reynolds,
et al., 1998).

OBSTETRIC FACTORS

Of all the subfields of biological research on anti-
social behavior, obstetric influences show the most com-
pelling evidence for biosocial interactions, with at least
11 studies from five different countries finding evidence
for statistical interactions. These obstetric studies fall into
three domains: minor physical anomalies, prenatal nico-
tine exposure, and birth complications.

Pregnancy Complications

Minor Physical Anomalies (MPAs)

At least six studies have found an association between
increased MPAs and increased antisocial behavior in chil-
dren (Raine, 1993). Minor physical anomalies have been
associated with disorders of pregnancy and are thought to
be a marker for fetal neural maldevelopment toward the
end of the first 3 months of pregnancy. As such, they may

Fig. 3. Interaction between family instability and high minor physical
anomalies in the prediction of adult violence (Mednick & Kandel, 1988).

be viewed as an indirect marker of abnormal brain devel-
opment. MPAs are relatively minor physical abnormalities
consisting of such features as low-seated ears, adherent ear
lobes, and a furrowed tongue. Although MPAs may have
a genetic basis, they may also be caused by environmental
factors acting on the fetus such as anoxia, bleeding, and
infection (Guy, Majorski, Wallace, & Guy, 1983).

At least three studies have found that MPAs interact
with social factors in predicting antisocial and violent be-
havior. Mednick and Kandel (1988) assessed MPAs in a
sample of 129 12-year-old boys seen by an experienced
pediatrician. MPAs were found to be related to violent
offending as assessed 9 years later when subjects were
aged 21 years, although not to property offenses with-
out violence. However, as illustrated in Fig. 3, when sub-
jects were divided into those from unstable, nonintact
homes and those from stable homes, a biosocial interaction
was observed. MPAs only predicted violence in those indi-
viduals raised in unstable home environments. Similarly,
Brennan, Mednick, and Raine (1997) found that those with
both MPAs and family adversity had especially high rates
of adult violent offending within a sample of 72 male off-
spring of psychiatrically ill parents. This interaction was
again confirmed by Pine, Shaffer, Schonfeld, and Davies
(1997) who found that MPAs in 7-year-olds combined
with environmental risk in predisposing to conduct disor-
der at age 17. These findings are similar to those on birth
complications reported above; in both cases the presence
of a negative psychosocial factor is required to “trigger”
the biological risk factor, and in both cases the effects
are specific to violent offending. In a study confirming
specificity of MPAs to violence, Arseneault, Tremblay,
Boulerice, Seguin, and Saucier (2000) found that MPAs
assessed at age 14 predicted to violent delinquency at age
17 in 170 males, but not to nonviolent delinquency. In this
study, effects were independent of family adversity.
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Nicotine Exposure

The effect of fetal exposure to alcohol in increas-
ing risk for conduct disorders is well known (e.g., Fast,
Conry, & Loock, 1999; Olson et al., 1997; Streissguth,
Barr, Bookstein, Sampson, & Olson, 1999), but recently a
spate of studies has established beyond reasonable doubt
a significant link between smoking during pregnancy and
later conduct disorder and violent offending (see Raine,
in press, for a review). Three of these studies have also
observed interactions between nicotine exposure and psy-
chosocial variables in the prediction of later violent of-
fending, and are impressive in terms of their size, the pros-
pective nature of data collection, long-term outcome, and
control for third factors such as antisocial behavior in the
parents, other drug use, and low social class. Brennan,
Grekin, and Mednick (1999) using a birth cohort of
4,169 males found a twofold increase in adult violent
offending in the offspring of mothers who smoked
20 cigarettes a day, and also found a dose–response rela-
tionship between increased number of cigarettes smoked
and increased violence. However, afivefold increase in
adult violence was found when nicotine exposure was
combined with exposure to delivery complications—there
was no increase in violence in those who were nicotine-
exposed but lacking delivery complications. Brennan et al.
(1999) observed that effects were specific to persistent of-
fending and did not apply to adolescent-limited offending.
Similarly, Rasanen et al. (1999) found a twofold increase
in violent criminal offending at age 26 in the offspring of
women who smoked during pregnancy. In addition, nico-
tine exposure lead to an 11.9-fold increase in recidivistic
violence when combined with single-parent family, and
a 14.2-fold increase when combined with teenage preg-
nancy, single-parent family, unwanted pregnancy, and de-
velopmental motor lags. Again, odds ratios were stronger
for recidivistic violence than for violence in general or
property offending. Gibson and Tibbetts (2000) also found
that maternal smoking interacted with parental absence in
predicting early onset of offending in a U.S. sample.

Maternal smoking during pregnancy may be an im-
portant contributory factor to the brain deficits that have
been found in adult offenders. Animal research has clearly
demonstrated the neurotoxic effects of two constituents
of cigarette smoke—carbon monoxide (CO) and nicotine
(see Olds, 1997 for a detailed review). Prenatal nicotine
exposure even at relatively low levels disrupts the de-
velopment of the noradrenergic neurotransmitter system
and disrupts cognitive functions (Levin, Wilkerson, Jones,
Christopher, & Briggs, 1996). Reduction of noradrenergic
functioning caused by smoking would be expected to dis-
rupt sympathetic nervous system activity, consistent with

evidence outlined earlier for reduced sympathetic arousal
in antisocial individuals (Raine, 1996). Pregnant rats ex-
posed to nicotine have offspring with an enhancement
of cardiac M2-muscarinic cholinergic receptors thatin-
hibit autonomic functions (Slotkin, Epps, Stenger, Sawyer,
& Seidler, 1999). This would help to explain the well-
replicated finding oflow resting heart rate in antisocial
individuals outlined above (Raine, 1993).

Birth Complications

Several studies have shown that babies who suffer
birth complications are more likely to develop conduct
disorder, delinquency, and commit impulsive crime and
violence in adulthood when other psychosocial risk fac-
tors are present. Specifically, obstetric factorsinteractwith
psychosocial risk factors in relation to adult violence.
Werner (1987) found that birth complications interacted
with a disruptive family environment (maternal separa-
tion, illegitimate child, marital discord, parental mental
health problems, paternal absence) in predisposing to
delinquency. Similarly, Raine, Brennan, and Mednick
(1994) prospectively assessed birth complications and ma-
ternal rejection at age 1 year in 4,269 live male births in
Copenhagen, Denmark. Birth complications significantly
interacted with maternal rejection of the child in predict-
ing to violent offending at age 18 years (see Fig. 4, upper
half). Only 4% of the sample had both birth complications
and maternal rejection, but this small group accounted for
18% of all the violent crimes committed by the entire
sample.

In this latter study, the 4,269 babies were followed up
to age 34 when outcome for violent crime was reassessed
(Raine, Brennan, & Mednick, 1997). It was found that the
biosocial interaction previously observed holds for vio-
lent but not nonviolent criminal offending. Furthermore,
the interaction was found to be specific to more serious
forms of violence and not threats of violence. The inter-
action held for early onset but not late onset violence, and
was not accounted for by psychiatric illness in the mothers.
Rearing in a public care institution in the first year of life
and attempt to abort the fetus were the key aspects of ma-
ternal rejection found to interact with birth complications
in predisposing to violence.

This finding from Denmark has recently been repli-
cated in four other countries (Sweden, Finland, Canada,
U.S.A.) in the context of a variety of psychosocial risk fac-
tors. Piquero and Tibbetts (1999) in a prospective longitu-
dinal study of 867 males and females from the Philadelphia
Collaborative Perinatal Project found that those with both
pre/perinatal disturbances and a disadvantaged familial
environment were much more likely to become adult
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Fig. 4. Interaction between birth complications and negative family outcome in the prediction of
adult violence in both Danish (Raine et al., 1994) and U.S. (Piquero & Tibbetts, 1999) samples.

violent offenders (see Fig. 4, lower half ). Similarly, preg-
nancy complications interacted with poor parenting in
predicting adult violence in a large Swedish sample of
7,101 men (Hodgins, Kratzer, & McNeil, 2001). In a
Canadian sample of 849 boys, Arsenault, Tremblay,
Boulerice, and Saucier (in press) found an interaction be-
tween increased serious obstetric complications and fam-
ily adversity in raising the likelihood of violent offend-
ing at age 17 years. In a Finnish sample perinatal risk
interacted with being an only child in raising the odds
of adult violent offending by a factor of 4.4 in a sam-
ple of 5,587 males (Kemppainen, Jokelainen, Jaervelin,
Isohanni, & Raesaenen, 2001). On the other hand, being
an only child is not obviously linked to psychosocial ad-
versity, and the meaning of this interaction requires further
elucidation.

A fifth study reported by Brennan, Mednick, and
Mednick (1993) and also from Denmark showed that birth
complications interacted with parental mental illness in
predicting violent crime in the male offspring (see Fig. 5).
On the other hand, no interaction between perinatal in-
sult and family adversity was found for a smaller sample
of German children (N = 322) where outcome was re-
stricted to follow-up at age 8 years (Laucht et al., 2000).
This last failure may be due to the fact that neurological
deficits stemming from birth complications may partic-
ularly influence the more severe outcome of life-course

persistent antisocial behavior rather than the more
common outcome of child antisocial behavior (Moffitt,
1993; Moffitt & Caspi, 2001). Indeed, several of the above
studies find that interaction effects involving birth com-
plications and family factors show evidence of linkage
to what may be broadly termed life-course persistent vi-
olent behavior rather than adolescent-limited antisocial

Fig. 5. Interaction between birth complications and parental mental
illness in the prediction of violent crime in the offspring (Brennan et al.,
1993).
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behavior. In addition to these interactions with psychoso-
cial variables, low Apgar scores at birth have been found to
interact with maternal smoking in the prediction of adult
violent offending (Gibson & Tibbetts, 1998).

Birth complications such as anoxia (lack of oxygen),
forceps delivery, and preeclampsia (hypertension leading
to anoxia) are thought to contribute to brain damage, and
they may be just one of a number of early sources of
brain dysfunction observed in child and adult antisocial
groups. On the other hand, as indicated above, birth com-
plications may not by themselves predispose to crime, but
instead may require the presence of negative environmen-
tal circumstance to trigger later adult crime and violence.
Furthermore, although they are likely to contribute to pre-
frontal damage, their effects would not be specific to this
brain area but would impact multiple brain sites, including
the hippocampus. Interestingly, recent brain imaging stud-
ies have shown that the hippocampus shows abnormal
functioning in murderers (Raine, Buchsbaum, & LaCasse,
1997), shows structural abnormalities in psychopaths
(Laakso et al., 2001) and is particularly susceptible to
anoxia.

BRAIN IMAGING

Only two brain imaging studies of antisocial, violent
behavior appear to have tested for interaction effects with
social influences. Nevertheless they are described here be-
cause brain imaging is a growing and increasingly influ-
ential subarea within biological research on antisocial be-
havior and because their findings complement those from
other areas.

Positron Emission Tomography (PET)

Previous research has indicated that violent offenders
have reduced functioning of the prefrontal cortex (Raine,
1993; Volkow et al., 1995). One PET (positron emission
tomography) study addressed the issue of how psychoso-
cial deficits moderate the relationship between
prefrontal dysfunction and violence (Raine, Stoddard,
Bihrle, & Buchsbaum, 1998). A sample of murderers were
divided into those who came from relatively good home
backgrounds and those who came from relatively bad
homes. Ratings of psychosocial deprivation took into ac-
count early physical and sexual abuse, neglect, extreme
poverty, foster home placement, having a criminal par-
ent, severe family conflict, and a broken home. Compared
to normal controls, deprived murderers showed relatively
good prefrontal functioning, whereas nondeprived mur-
derers showed significantly reduced prefrontal function-

ing. In particular, murderers from good homes had a 14.2%
reduction in the functioning of the right orbitofrontal cor-
tex; damage to this brain area results in reduced fear con-
ditioning as well as personality and emotional deficits
that parallel criminal psychopathic behavior, or what
Damasio and colleagues have termed “acquired sociopa-
thy” (Damasio, 1994). These results extend findings from
several psychophysiological studies showing especially
reduced autonomic functions in those from benign home
backgrounds, and again suggest that biology–violence re-
lationships are potentiated in those lacking psychosocial
risk factors for violence.

Functional Magnetic Resonance Imaging (fMRI)

A second brain imaging study found an interaction
of a different type in seeking an answer to a different
type of question. Although the relationship between
physical child abuse and violence is well established
(Lewis, Pincus, Bard, & Richardson, 1988; Tarter,
Hegedus, Winsten, & Alterman, 1984; Widom, 1997),
there appears to be little or no research, biological or so-
cial, on factors that differentiate abused victims who go
on to perpetrate violence from those who refrain from
adult violence. The study in question (Raine, Park, et al.,
2001) asked two main questions: (a) what are the brain
correlates of adults in the community who have suffered
severe physical abuse early in life and who go on to per-
petrate serious violence in adulthood? (b) what charac-
terizes those who experience severe physical abuse but
who refrain from serous violence? Four groups of partic-
ipants were recruited from the community: (i) nonviolent
controls who had not suffered abuse, (ii) severe physi-
cal child abuse only (i.e., had suffered severe physical or
sexual abuse in the first 11 years, but were not violent),
(iii) serious violence only (violence that either caused bod-
ily injury or trauma, or were life-threatening acts), and
(iv) severely abused, seriously violent offenders. All un-
derwent functional magnetic resonance imaging (fMRI)
while performing a visual/verbal working memory task.
Results showed that violent offenders who had suffered
severe child abuse show reduced right hemisphere func-
tioning, particularly in the right temporal cortex. Abused
individuals who had refrained from serious violence
showed relatively lower left, but higher right, activation of
the temporal lobe. Abused individuals, irrespective of vio-
lence status, showed reduced cortical activation during the
working memory task, especially in the left hemisphere.
These findings indicate that a biological risk factor (ini-
tial right hemisphere dysfunction), when combined with
a psychosocial risk factor (severe early physical abuse)
predisposes to serious violence. They also suggest that
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relatively good right hemisphere functioningprotects
against violence in physically abused children.

NEUROPSYCHOLOGY AND NEUROLOGY

Neuropsychological and neurological deficits, espe-
cially those associated with executive function deficits, are
a reasonably well-established risk factor for antisocial be-
havior in children, adolescents, and adults (Moffitt, 1990a;
Morgan & Lilienfeld, 2000; Raine, 1993). Although most
neuropsychological and neurological research has not
explored the interaction between neuropsychological dys-
function and psychosocial factors in predisposing to vio-
lence, a few studies are beginning to suggest that this may
be a promising avenue for future research.

Prospective, Longitudinal Findings

Lewis, Lovely, Yeager, and Femina (1989) in a
follow-up study of 15-year-old juvenile delinquents found
that although having only neurocognitive deficits was as-
sociated with an average of 2.1 adult violent offenses,
and only experiencing child abuse was associated with an
average of 1.9 adult offenses, the combination of three
neurocognitive indicators combined with child abuse was
associated with an average of 5.4 violent offenses in adult-
hood. Consequently, the combination of neurocognitive
and psychosocial risk factors was associated with partic-
ularly high rates of violence in adulthood.

Other prospective longitudinal research is broadly
consistent with this finding. Moffitt (1990b) reports that
boys with both low neuropsychological performance and
family adversity had aggression scores four times higher
than boys with either adversity only or neuropsychologi-
cal deficits only. Similarly, Raine, Brennan, Mednick, and
Mednick (1996) found that those with both early neuro-
motor deficits (including birth complications) and unsta-
ble family environments later went on to have higher rates
of teenage behavior problems and adult criminal and vio-
lent offending compared to those with only social or only
biological risk factors. The biosocial group with both sets
of risk factors accounted for 70.2% of all violence com-
mitted by the entire cohort.

One nonprospective study of 64 violent juvenile of-
fenders took a different approach by dividing subjects into
members of gangs versus nongang members (Sparling
& Cohen, 1997). Nongang members compared to gang
members were much more likely to have neurobehavioral
deficits such as history of head injury (57.1% vs. 11.1%)
and intermittent explosive disorder (71.4% vs. 11.4%).
These pilot findings are intriguing because they suggest

that the social variable of belonging to a gang (and the con-
sequent social-affiliative nature of these networks) moder-
ates neurobehavioral–violent relationships. Conceivably,
violent offenders with neurobehavioral deficits are less
able to sufficiently modulate their aggressive tendencies
for good functioning in gangs, which value controlled,
proactive aggression.

Protective Influence of Stable Home Environment

Although it is reasonable to hypothesize that the neg-
ative effects of biological risk factors in predisposing to
antisocial behavior may be ameliorated by the benefits
of a positive home environment, there appear to be few
tests of this hypothesis. Streissguth, Barr, Kogan, and
Bookstein (1996) in a study of 473 individuals with fetal
alcohol syndrome found that a stable home environment
protected the child from an antisocial outcome. An in-
triguing case study from Spain of a man who had an iron
spike pass through his head, selectively destroying the
prefrontal cortex, showed that unlike the case of Phineas
Gage, this individual did not have an outcome over the
next 60 years of antisocial or criminal behavior (Mataro
et al., 2001). Mataro et al. (2001) concluded that prefrontal
damage can be followed by stable psychosocial func-
tioning, but a different interpretation can also be made.
It is intriguing to note that the subject in question had
wealthy parents who owned a family business in which
he would be employed for the rest of his life, and that
his fiancé (a childhood sweetheart) stood by him after the
accident and married him, producing two good children
and a family which, in the words of one of the children
“protected” him throughout his life. It can be argued that
this individual did not develop antisocial behavior and
psychosocial dysfunction because his family environment
buffered him from these negative outcomes. Without such
psychosocial support, a very different outcome may have
resulted.

Social Demands of Adolescence Overloading
Executive Functions

One interactional neuropsychological model of an-
tisocial behavior concerns the notion that the social and
executive function demands of late adolescence overload
the late developing prefrontal cortex, giving rise to pre-
frontal dysfunction and a lack of inhibitory control over
antisocial, violent behavior that peaks at this age (Raine,
in press). Prior to adolescence, children live in relatively
structured environments where complex, life-changing
planning and decision-making is not the norm. In contrast,
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late adolescence is a stage in life where enormous so-
cial demands are being placed on the rapidly growing
teenager, a load that calls on resources of the frontal cor-
tex and its associated executive functions. Such adoles-
cents need to regulate, control, and inhibit a growing sex
drive, juggle the threats and challenges to their social
status that arise within their peer groups, deal with the
complexities of relations with the opposite sex, and in-
creasingly sustain attention at school to maximize chances
of academic success, and plan and organize for a future
career.

The prefrontal cortex bears the burden of this mag-
nified cognitive load that requires multiple executive
functions—sustained attention, behavioral flexibility to
changing contingencies, working memory, self-regulation
and inhibition, abstract decision-making, planning and or-
ganization. Yet this processing load occurs at a time when
the prefrontal cortex is still maturing, with myelination of
the frontal cortex continuing into the 20s and beyond. A
minority of individuals with early damage to or dysfunc-
tion of the prefrontal cortex would be particularly likely
to suffer an information overload during this time period,
resulting in further dysfunction of the prefrontal cortex,
less regulatory control, and further lifelong antisocial be-
havior. Others with a late-maturing but intact prefrontal
cortex may be antisocial during childhood and adoles-
cence, but with further maturation of the frontal lobes
in early adulthood may eventually discontinue their an-
tisocial behavior. Still others may have frontal dysfunc-
tion, but may be protected from antisocial behavior by
having more social support or fewer social-transitional
demands placed on them, as was argued above in the Span-
ish head trauma case. Yet another group of late-onset of-
fenders (Hamalainen & Pulkkinen, 1996; Ishikawa, Raine,
Lencz, Bihrle, & LaCasse, 2001) may have neither
significant executive function deficits nor antisocial be-
havior until early adulthood when life stressors at this
time overload a prefrontal cortex with latent functional
impairments.

This theoretical perspective would lead to a num-
ber of predictions. In addition to expecting that those with
prefrontal dysfunction and poor executive functions would
be predisposed to antisocial behavior, this outcome would
be most likely in those with a less structured, less stable
psychosocial environment. Second, those with significant
executive functions who resist becoming antisocial would
be expected to have a particularly well-structured, protec-
tive social environment or alternatively high intelligence
that minimizes the impact of executive function deficits.
Third, those with initial early antisocial behavior who
desist in life would be expected to show initially poor
executive functions but later better executive functioning.

HORMONES, NEUROTRANSMITTERS,
AND TOXINS

Hormones

Research on links between hormones and antiso-
cial, aggressive behavior illustrates the complexities of
biology–behavior relationships, and clearly demonstrates
the influence of the social context on biological function-
ing. Detailed reviews of the bidirectional relationship be-
tween hormones and behavior and of the influence of so-
cial context on hormones may be found in Dabbs (1992),
Mazur and Booth (1999), Susman (1993), Susman and
Ponirakis (1997), and Tremblay et al. (1997).

Although links between high testosterone and self-
report measures of aggression are relatively weak (Archer,
1991), there is now convincing evidence from a wide
number ofbehavioral studies for a link between high
testosterone and increased aggressive and violent behavior
(see reviews by Archer, 1991; Dabbs, 1992; Harris, 1999;
Mazur & Booth, 1999; Raine, 2002). Particularly per-
suasive are experimental randomized, placebo-controlled,
crossover trials in normal men that show that testosterone
administration increases aggression (Pope et al., 2000).
Nevertheless, it also appears that although aggression–
testosterone links are well-established with respect to adult
aggressive and violent behavior, this relationship may be
absent, or even reversed, with respect to aggression during
childhood (Susman & Ponirakis, 1997; Tremblay et al.,
1997).

An understanding of why the aggression–testoster-
one relationship washes out in childhood may be gained
from consideration of social influences on testosterone. It
is well-established that high testosterone is associated with
both high dominance and high socioeconomic status, and
while experience of success increases testosterone, failure
reduces it (Dabbs, 1992; Mazur & Booth, 1999). Aggres-
sive children are more likely to be rejected by their peers
in school (Dodge, Lochman, Harnish, & Bates, 1997),
and it may be this social ostracization and failure in
academia that artificially reduces their otherwise high
testosterone levels. This interpretation is supported by two
pieces of evidence. First, Tremblay et al. (1997) report
that 13-year-old boys who are both physically toughand
who are well-liked have high testosterone levels. Second,
although Tremblay et al. (1997) found that aggressive
boys have low testosterone at ages 13 and 14, follow-
up at age 16 after 30% had dropped out of school show
them to have substantially higher testosterone than
nonaggressive boys. It may be that aggression–
testosterone links are found in violent offenders during
adulthood because they are better able to use their
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aggression to raise their dominance status within their
antisocial subcultures and achieve some degree of social
success.

Despite the clear evidence that contextual and envi-
ronmental influences alter both testosterone and cortisol,
few researchers have tested for biosocial interactions in
the way that they have been tested for psychophysiologi-
cal and obstetric factors. Dabbs and Morris (1990) found
that in low SES subjects, those with high testosterone
had higher levels of childhood and adulthood delinquency,
whereas these effects were not found for high SES sub-
jects. On the other hand, risk ratios for some measures of
antisocial behavior (military AWOL, marijuana use, many
sex partners) were equally high in both SES groups, and
consequently these initial findings should be viewed with
caution. Nevertheless, Scarpa et al. (1999) found that chil-
dren who both gave large cortisol responses to a provoca-
tion task and who also had been physically abused had
the highest aggression scores. Both of these hormonal
studies are therefore similar in that biology–antisocial
relationships were more marked in those from negative
environments (low SES, abuse), and lie in contrast to stud-
ies measuring psychophysiological and brain imaging risk
factors (low heart rate, low skin conductance, increased
vagal tone, low prefrontal activity), which find antisocial–
psychophysiology relationships strongest in those from
benignhome backgrounds. It remains to be seen whether
further hormone studies find stronger hormone–antisocial
links in those from negative rather than positive home
backgrounds.

Neurotransmitters and Toxins

Neurotransmitter and toxin research is also begin-
ning to provide evidence of interactions with social and
environmental processes. Moffitt et al. (1997) found that
although violent offenders had higher blood serotonin lev-
els than controls, those with both high blood serotonin and
a conflicted family background were over three times more
likely to become violent by age 21 compared to men with
only high serotonin or only conflicted family background.
Similarly, Masters, Hone, and Doshi (1998) in an analy-
sis of violent crime rates in 1,242 counties in the United
States found a three-way interaction between environmen-
tal lead or manganese exposure, high population density,
and alcoholism rates, with highest rates of violence in
counties with high densities, exposure to toxins, and alco-
holism. As with research on hormones, there is a dearth
of empirical data to support or refute a biosocial inter-
action hypothesis of antisocial and violent behavior with
respect to toxins, and further tests of this proposition are
required.

CONCLUSIONS AND RECOMMENDATIONS

Summarizing the key findings of this review, there
has in recent years been growing evidence for replicable
interactions between biological and social factors in rela-
tion to antisocial and violent behavior. In the last review
of this area (Brennan & Raine, 1997), only nine studies
could be drawn on to illustrate biosocial interactions. In
the current review, 39 studies have been outlined that illus-
trate interactions between biological and social factors in
relation to antisocial and violent behavior. Clearly, there
is recent, growing evidence that social and biological pro-
cesses do interact in predisposing to antisocial behavior.
To date, the best-replicated biosocial effect appears to con-
sist of birth complications interacting with negative home
environments in predisposing to adult violence, and there
is also evidence that this effect particularly characterizes
life-course persistent antisocial behavior.

Although these findings give reason to take bioso-
cial perspectives on antisocial behavior seriously, study
counts and documentation of findings by themselves will
not advance knowledge within a field. The establishment
of interaction effects is not an end process, but merely the
end of a beginning in understanding antisocial behavior.
Interaction effects need to be explained with respect to
their underlying mechanisms. For example, birth compli-
cations consistently interact with negative home environ-
ments in predisposing to adult violence, and this effect
seems specific to violence, and to violence with an early
onset—but why? What are the processes that operate in
negative home environments, which trigger the deleteri-
ous effects of birth complications? Do birth complications
predispose to violence by mild impairment to brain func-
tioning, or does family adversity instead predispose to
both birth complications such as pregnancy-induced hy-
pertension and also childhood conduct disorder? That is,
are birth complications merely a marker of a third factor
and are by themselves unrelated to violence? Although
these questions are difficult to answer, the next generation
of biosocial research needs to go beyond simple interac-
tion effects and research the fundamental mechanisms and
processes underlying the interactions.

Theoretical perspectives are needed to help guide
future research on biosocial interaction effects. Moffitt
(1993) has argued that life-course persistent offending is
a product of early interactions between neuropsycholog-
ical and family factors and as such would predict early
biosocial interaction effects in relation to life-course per-
sistent offending, a prediction that seems to be generally
supported by the data. In addition, the social push per-
spective argues that the link between antisocial behav-
ior and biological risk factors will be weaker in adverse
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homes because the social predispositions to crime cam-
ouflage the biological contribution. In contrast, in benign
home environments the role of biological predispositions
can be more easily detected. The prefrontal dysfunction–
executive overload theory outlined above is more specific
in specifying conditions under which antisocial behavior
will result as a function of the interplay between an im-
mature prefrontal cortex and psychosocial demands. Ulti-
mately, biosocial perspectives of antisocial behavior will
be maximally helpful when a complementary and bal-
anced theoretical–empirical approach is developed.

In analyzing the pattern of interaction effects ob-
served above, there are two main conclusions that can be
drawn and that can guide future hypothesis-testing. When
the biological and social factors are the grouping variable
and antisocial behavior is the outcome, then the presence
of both risk factors appears to increase rates of antisocial
and violent behavior. When social and antisocial variables
are the grouping variables and biological functioning is the
outcome, then the social variable invariably (but not al-
ways) moderates the antisocial–biology relationship such
that these relationships are strongest in those from benign
home backgrounds. A question for future biosocial stud-
ies is whether these two patterns of findings, which ask
different questions, can be substantiated, or whether dif-
ferent patterns emerge. In addition, studies conducted to
date are relatively simplistic, and the question of whether
these biosocial interactions are carried by conditions co-
morbid with antisocial behavior such as hyperactivity need
to resolved (Hinshaw, Lahey, & Hart, 1993).

There are also statistical as well as theoretical dif-
ficulties facing future research into the biosocial bases
of antisocial behavior. Statistically speaking, interactions
and moderator effects are notoriously difficult to obtain
due to problems of measurement error (McClelland &
Judd, 1993), with power in the type of studies reviewed
above being less than 20% of experimental studies. As
such, Type II error is frequently more of a problem than
Type I error in biosocial studies. Even where no statisti-
cally significant effect is observed, it would be advisable
for researchers to report the means and standard devia-
tions for groups on the biological variable broken down
by the social variable (e.g., high vs. low social class) and
compute effect sizes so that future meta-analyses can be
conducted with the ensuing benefit of increased power.

A practical barrier to future biosocial research is the
simple fact that few psychosocial researchers take into ac-
count biological variables, and few biological researchers
take into account social variables. Even when they do,
psychosocial variables are often conceptualized as covari-
ates or nuisance variables by biological researchers rather
than as moderators. Researchers need to face the fact that

there will likely be diminishing returns from further re-
search on currently known risk factors and that more will
be gained from examining interactions between risk fac-
tors. Indeed, researchers who do not test for interaction
effects that may well exist, and who obtain nonsignificant
main effects, will erroneously conclude that the variables
in question are of no etiological significance. Although
the measurement of biological variables poses significant
challenges for psychosocial researchers, low resting heart
rate is the best-replicate biological correlate of antisocial
behavior in child and adolescent samples (Raine, 1993),
takes only 1 minute to asses, and can be measured cheaply
and easily using a stethoscope, digital heart rate meter, or
by taking a pulse manually. Incorporating even this sim-
ple biological measure into psychosocial longitudinal re-
search would be a step in the right direction.

Finally, biosocial studies of antisocial behavior
should not be restricted to risk and protective factors but
also need to consider prevention implications at two lev-
els. First, environmental manipulations can be used to alter
biological risk factors. For example, an environmental en-
richment at ages 3–5 years using a randomized, stratified
design resulted in significant increases in psychophysio-
logical arousal and attention 8 years later at age 11 years
(Raine, Venables, et al., 2001). Second, psychosocial in-
fluences may moderate the effects of a prevention pro-
gram on antisocial behavior. As one example, Olds et al.
(1998) demonstrated that a prenatal and early postnatal
early health prevention program was more successful in
reducing delinquency at age 15 years in unmarried, low
SES mothers than less disadvantaged mothers. Biosocial
research on risk and protective factors themselves should
clearly be a priority for establishing a new generation
of more biosocially-informed prevention and intervention
programs.
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