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Foreword

In cities, suburban areas, and even small towns, Americans are fearful and
concerned that violence has permeated the fabric of their communities and
degraded the quality of their lives. This anxiety is not unfounded. In recent
years, murders have killed about 23,000 people annually, while upward of
3,000,000 nonfatal but serious violent victimizations have occurred each year.
These incidents are sources of chronic fear and public concern over the seeming
inability of public authorities to prevent them.

Because of this concern, three federal agencies requested the National
Research Council to carry out a comprehensive review of research applicable to
the understanding and control of violence. Within the general topic of violence,
the three sponsors expressed somewhat different sets of priorities. The National
Science Foundation's Law and Social Science Program sought a review of
current knowledge of the causes of violent behavior and recommendations
about priorities in funding future basic research. The other two sponsors were
more concerned with the application of that knowledge to the prevention and
control of violence. The National Institute of Justice sought advice on how to
prevent and control violent crimes, using the combined resources of criminal
justice and other agencies. The National Center for Injury Prevention and
Control of the Centers for Disease Control and Prevention sought assistance in
setting priorities in efforts to prevent injuries and deaths from violent events.

In response, the Commission on Behavioral and Social Sciences

FOREWORD vii
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and Education, through its Committee on Law and Justice, established the Panel
on the Understanding and Control of Violent Behavior and took primary
responsibility for shaping the specific mandate and composition of the panel.
Two features of its mandate carried particular weight. First, to draw
implications from past research and to chart its future course, the perspectives
and models of biological, psychological, and social science research on violence
should be integrated. Second, as a matter of science policy, the panel's work
should orient the future allocation of research and evaluation resources toward
the development and refinement of promising strategies for reducing violence
and its consequences.

Early on, the panel recognized that the extraordinary breadth of its
mandate demanded the mobilization of expertise beyond that of its own
members and staff. Therefore, in addition to preparing a number of internal
review memoranda, it commissioned a number of reviews and analyses by
experts in certain specialized topics. Although the commissioned papers reflect
the views of their authors and not necessarily those of the panel, all were
valuable resources for the panel. From the entire set, the panel selected 15 for
publication in supplementary volumes because it found them particularly useful.
The panel is grateful to all the authors and to the discussants who prepared
comments for the panel's Symposium on Understanding and Preventing
Violence.

This volume contains the commissioned reviews of research on biological
influences on violent or aggressive behavior. Panel member Gregory Carey
reviews the available statistical evidence on genetic contributions to the
probability of violent and related behaviors. Allan Mirsky and Allan Siegel
review available research on features of brain structure and functioning that
have been implicated in aggressive behavior. Paul Brain's review concerns the
roles of hormonal and neurological interactions in violent behavior. Panel
member Klaus Miczek and his colleagues reviewed research on animal and
human subjects on the neurochemistry of violence and aggression and its
implications for the management of those behaviors. Robin Kanarek reviewed
existing research on dietary influences on violent behavior. To increase the
accessibility of these papers, they are introduced by an overview prepared by
Klaus Miczek and his colleagues Allan Mirsky, Gregory Carey, Joseph DeBold,
and Adrian Raine. The panel members believe that, like themselves, others will
find these reviews to be extremely helpful resources.

FOREWORD viii

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


Understanding and Preventing Violence
Volume 2 Biohavioral Influences

ix

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


x

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


An Overview of Biological Influences on
Violent Behavior

Klaus A. Miczek, Allan F. Mirsky, Gregory Carey, Joseph DeBold, and 
Adrian Raine

Even the most complex social environmental influences on an individual's
propensity to engage in violent behavior may eventually be traced to their
biologic bases. In order to sketch such an interactive model, it is useful to begin
with a consideration of the genetic influences on violent behavior as studied in
animals as well as humans. Steroid and peptide hormones as well as peptides
and biogenic amines are critically important in the neural and physiologic
mechanisms initiating, executing, and coping with violent behavior. It is here
that important endocrine and pharmacologic interventions are targeted. These
neurochemical systems mediating violent behavior are specific to discrete
neuroanatomic networks. Indirect measures of neural mechanisms of violent
behavior may be obtained via neuroimaging and functional neuropsychologic
assessments.

GENETIC MECHANISMS

Behavioral genetic research has shown that genes influence individual
differences in a wide range of human behaviors—cognition,

Klaus Miczek is at the Department of Psychology. Tufts University; Allan Mirsky is at
the National Institutes of Health; Gregory Carey is at the Institute of Behavior Genetics,
University of Colorado; Joseph DeBold is at the Department of Psychology, Tufts
University; and Adrian Raine is at the University of Southern California.
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academic achievement, personality and temperament (including such traits as
aggression and hostility), psychopathology, and even vocational interests and
social attitudes (Plomin et al., 1989). Hence, a research finding that criminal or
violent behavior had some heritable component would come as no surprise—
especially since violent and criminal behaviors are themselves correlated with
some of the other behaviors for which genetic relationships have been
established. Beyond confirming the existence of heritability in violent behavior,
the more interesting intellectual challenges are

(1)  isolating the precise nature of the mechanisms through which an
individual's propensity to engage in or refrain from violent behavior
may be inherited;

(2)  using quantitative methodology to control for heritable influences so
that conclusions about environmental influences on violent behavior
can be clarified; and

(3)  quantifying the genetic effect in terms of its importance or triviality in
explaining human behavior and the magnitude of its correlation with
risk factors for violence.

On the first challenge, quantitative genetic studies have not isolated any
simple genetic syndrome, either Mendelian or chromosomal, that is invariably
associated with violence or, more broadly, with antisocial behavior. Like
inherited propensities for other behaviors, a genetic liability toward violence is
likely to involve many genes and substantial environmental variation. The
existence of such mechanisms may well be confirmed by future quantitative
genetic research, but knowledge of their precise nature must await progress in
detecting genes—and markers linked to them—that account for small variations
in behavior, a problem in molecular biology that lies beyond the scope of this
paper.

The second challenge suggests a more promising line of research than the
reiteration of long-standing, sterile ''nature versus nurture" debates—that
genetic research designs may clarify environmental effects. This can best be
illustrated by a hypothetical example. Suppose that a propensity toward violent
behavior is transmitted from parent to offspring by two mechanisms: one
operating through the genes and the other through social learning. How can
these two mechanisms be detected and quantified in a study of intact nuclear
families? If the parent-offspring correlation is interpreted solely in terms of
social learning, then the environmental transmission will be overestimated. On
the other hand, if the correlation is interpreted solely in terms of genetic
transmission, then the social learning of aggression will be over-looked.

AN OVERVIEW OF BIOLOGICAL INFLUENCES ON VIOLENT BEHAVIOR 2
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Twin studies, studies of adoptive parent-offspring pairs, and studies of the
biologic parents of adoptees are required to untangle the joint effects of genetic
and family environmental transmission. Although such designs are becoming
routine in the study of cognitive development, they are rare in the study of
violent behavior.

The third challenge aims at determining whether a genetic propensity to
violence is substantial or trivial and the extent to which it is correlated with
other behaviors. Does the genetic influence on intelligence and on alcohol abuse
explain genetic liability toward aggression?

STUDIES OF HUMANS

Studies of the inheritance of violent behavior in humans rely on adoption
or twin designs to tease apart the effects of shared family environment from
those of shared genes. The adoption design capitalizes on the fact that an
adoptee does not receive environmental transmission from a biological parent or
genetic transmission from an adoptive parent. Similarly, adoptive siblings share
environments but not genes, whereas biological siblings raised apart share
genes but not environments. Twin studies rely on the fact that identical twins
have all genes in common, whereas fraternal pairs share on average only half
their genes (plus a small effect from assortative mating). In both kinds of
studies, heritability coefficients—the proportion of observed variation due to
genetic variation—may be calculated. As with all human behaviors, the
interpretation of these coefficients may be confounded by several factors—
selective placement in adoptions, and imitation and co-offending in twins. In
addition, the study of violence presents problems of its own. Not only is the
base rate for violence low, but it is also more poorly measured than most
behaviors studies by behavior geneticists.

Despite methodologic weaknesses in the early twin studies, later twin and
adoption research suggests important heritability for adult antisocial behavior
with perhaps a smaller genetic influence on juvenile criminality (Bohman et al.,
1982; Christiansen, 1977; Cloninger and Gottesman, 1987; Mednick et al.,
1984). Heritability estimates range from a low of about .20 to a high of
almost .70 in Danish samples. Needless to say, such estimates cannot be easily
extrapolated to other cultures.

In contrast to these data, the evidence for a genetic basis to violent
offending is much weaker. Only three samples permit one

AN OVERVIEW OF BIOLOGICAL INFLUENCES ON VIOLENT BEHAVIOR 3
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to assess the role of genetics in violent offending, and two of the three produced
nonsignificant results.

These findings suggest at most a weak role for heredity in violent
behavior. But studies that use samples at high risk for violent behavior or that
measure violent behavior through self-reports rather than arrest records may yet
discover genetic relationships that have so far remained hidden—or
underestimated—because arrests for violent offenses are rare in samples of the
general population. One positive lead is the correlation between violence in
biological parents and alcohol abuse in adopted-away sons. This suggests a
genetic relationship between the two, an important link given the well-
established correlation between alcohol and violent behavior as discussed below
(see Miczek et al., Volume 3). Because many violent offenders also commit
nonviolent offenses, heritability for criminality per se provides another possible
link between genes and violence. Finally and perhaps most importantly, the
gene-environment interaction reported for antisocial behavior (Cloninger et al.,
1982; Cadoret et al., 1983) may also extend to violence.

The principles of quantitative genetics raise strong cautions about the
extrapolation of empirical research findings on violence. First, evidence for the
heritability of individual differences within a population cannot be used to
explain average differences between populations or even within the same
population over time. It is unlikely that genetic differences could account for
anything but a small fraction of the change in violence over the twentieth
century, differences in violent crimes among nations, or variance in rates among
certain subgroups within a nation. Second, heritability cannot predict or explain
an individual's culpability in a particular violent event. Third, many estimates of
heritability are based on data from the Scandinavian countries, where the
necessary data are routinely collected in national registries. Because the
environmental variance relevant to violence may not be the same in the
Scandinavian countries and in the United States, for example, the heritability
estimates cannot be readily extrapolated.

STUDIES OF ANIMALS

A large number of strain comparisons and the successful establishment of
selected lines demonstrate significant heritability for rodent aggression (Ebert
and Sawyer, 1980; Lagerspetz and Lagerspetz, 1975; Scott, 1942, 1966; van
Oortmerssen and Bakker,

AN OVERVIEW OF BIOLOGICAL INFLUENCES ON VIOLENT BEHAVIOR 4

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


1981). Although there is controversy over the extent to which the genetic
mechanisms are the same for male and female aggression in Mus, the testing
situation can change the rank order of selected lines (Hood and Cairns, 1988)—
females from high-aggression lines exhibit their agonistic behavior mostly in
sex-appropriate settings (e.g., postpartum tests). Similarly, studies of selected
lines show that aggression may be modified by experience. Thus, although
agonistic behavior shows some developmental continuity and cross-situational
generality in inbred or selected strains, it is clearly not a single genetic
phenomenon that can be studied in isolation from specific contextual cues,
social environment, and development (e.g., Cairns et al., 1990; Jones and Brain,
1987).

The recent trend in behavior genetic research is less toward demonstrating
the fact of the heritability of aggression and more on elucidating its genetic
correlates and identifying genetic loci that underlie agonistic behavior. Here, the
Y chromosome may contribute to individual differences in male aggression in
the mouse, at least in some strains (Carlier et al., 1990; Maxson et al., 1989;
Selmanoff et al., 1975). There also appears to be genetic sensitivity to the
effects of early neonatal androgens on aggression in mice (e.g., Vale et al.,
1972; Michard-Vanhee, 1988).

NEUROCHEMICAL MECHANISMS

ENDOCRINE MECHANISMS AND VIOLENT BEHAVIOR

Steroids

Research suggests that testosterone and its androgenic and estrogenic
metabolites influence the probability of aggressive responding to environmental
events and stimuli through organizational as well as activational mechanisms.
Organizational effects are traditionally those exerted, generally permanently, by
a hormone during some sensitive period of development. This type of
mechanism appears to explain sex differences in anatomy and some aspects of
sex differences in behavior. For example, testosterone present during a
particular period of fetal development in mammals induces the development of
the male reproductive tract and genitalia. If androgen levels are low, as is
normally the case in females, this development does not occur and female
genitalia develop instead. A similar control for male aggression has been
demonstrated in a number of laboratory animal species. For example, female
mice given a single injection of testosterone at

AN OVERVIEW OF BIOLOGICAL INFLUENCES ON VIOLENT BEHAVIOR 5
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birth become much more sensitive to the aggression-enhancing effects of
androgens as adults. Prenatal treatment of female rhesus monkeys with
testosterone results in females that are male-like in their higher level of "rough
and tumble" play as juveniles and more aggressive as adults. In humans, there is
evidence for a similar, but reduced in magnitude, modulation of aggression by
androgens. This research uses children that were accidentally exposed to
inappropriate steroids during fetal development and assesses their behavior
though observations, interviews, and psychologic assessments. In girls
prenatally exposed to heightened levels of androgens, there is a trend for
increased levels of aggression. In boys exposed to estrogens or antiandrogenic
steroids during pregnancy, there is a trend for decreased aggressiveness (see
Brain, Table 4 in this volume). However, generally these steroids also have had
some effect on genital development and the behavioral differences may be due
to altered body image or to the affected children being treated differently by
parents or peers. Interestingly, prenatal testosterone also alters the development
of parts of the preoptic area of the brain. Preoptic area structure and
neurochemistry are sexually dimorphic in animals and in humans, and this brain
area is also thought to have a role in aggressive behavior. However, a direct link
between the sexual dimorphism of the preoptic area and human violent behavior
remains elusive.

In animals, testosterone (or its metabolites) has effects on the probability
of aggressive response to conspecifics or other environmental events. This is
frequently referred to as an activational effect although, mechanistically,
androgens are not stimulating aggressive behavior in vacuo; more accurately,
they appear to be altering the response to aggression-provoking stimuli. In
laboratory animals, particularly rodents, there is research that demonstrates the
brain sites involved in this action and the importance of the biochemical
mechanisms by which testosterone can alter neural activity. The strength of the
modulation that testosterone exerts on aggressive behavior seems to decrease in
more complex social animals. In nonhuman primates, the correlation between
testosterone and aggressiveness or dominance frequently, but not in all studies,
exists, but the activational effect of testosterone is more variable and harder to
demonstrate. This trend is perhaps more exaggerated in humans. Positive
correlations have been reported between androgen levels and aggressive or
violent behavior in adolescent boys and in men, but these correlations are not
high, they are sometimes difficult to replicate, and importantly, they do not
demonstrate causation. In fact there is better evidence
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for the reverse relationship (behavior altering hormonal levels). Stress (e.g.,
from being subject to aggression or being defeated) decreases androgen levels,
and winning—even in innocuous laboratory competitions—can increase
testosterone.

The results of manipulating androgens with antiandrogen therapy in
violent offenders are also mixed and difficult to interpret because of
confounding influences on the data collection. Some critical reviews have
concluded that antiandrogens show promise as an adjunct therapy for violent
sex offenders. These may be relying more on the clearer relationship between
testosterone and sexual motivation than between testosterone and violence.
Another interesting approach will be to study the effects of anabolic steroids,
but these studies have just begun and face very difficult methodologic
problems. In general, most investigators conclude that there can be an influence
of androgens on violence but that it is only one component accounting for a
small amount of the variance.

Gonadal steroids have also been postulated to be involved in the increased
irritability and hostility seen in some women with premenstrual syndrome
(PMS). However, the endocrine evidence in support of this view is weak, and
most recent papers find that individual differences in estrogens, progestins, and
other hormones across the menstrual cycle do not explain the variability in
intensity of PMS symptoms.

Adrenal steroids (glucocorticoids, such as cortisol and corticosterone) and
the pituitary hormone ACTH (adrenocorticotropic hormone) have also been
found to be related to aggressive behavior in animals. However, the strongest
relationship is a negative one. Chronically increased levels of corticosteroids
decrease aggressiveness, and ACTH increases submissiveness and avoidance of
attack. These two effects are difficult to separate endocrinologically, but they
appear to be mediated by different mechanisms. Correlations between
dominance and corticosteroid levels in primates may more directly reflect
variations in the ability to adapt to stress.

In summary, there is no simple relationship between steroids and
aggression, much less violence. The strongest conclusion is that in humans,
androgens can influence and be influenced by aggressive behavior. However,
they are only one of many influences and not the determining factor. The
opposite relationship (i.e., the environment and behavior influencing hormone
secretion) is the stronger of the two linkages.
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Other Hormones

Steroids are not the only hormones that have been related to aggression
and violence, but other hormones appear to have less direct or less specific
effects. For example, adrenal norepinephrine secretion has been related to the
commission of violent crime, but norepinephrine and epinephrine are released
in response to a wide variety of arousing or emotional conditions and are
important in coping with stress. Animal and clinical studies have found
evidence for a role of central nervous system (CNS) norepinephrine in
aggressiveness—but when it acts as a neurotransmitter, not as a hormone.
Because hormones can alter many aspects of cellular activity and because
aggressive behavior involves so many areas of the brain, the potential for
indirect or secondary effects of hormones is high.

In summary, there is no simple relationship between hormones and
aggression, much less violence. The strongest conclusion is that in humans,
steroids can influence and be influenced by aggressive behavior. However, they
are only one influence of many and not the determining factor. The opposite
relationship (i.e., the environment and behavior influence on hormone
secretion) is the stronger of the two linkages.

NEUROTRANSMITTERS AND RECEPTORS

Dopamine

Evidence from animal studies points to large changes in brain dopamine
systems during aggressive or defensive behavior. At present, evidence for
similarly altered dopamine activity in brain regions of violent humans is not
available. It is possible that brain dopamine systems are particularly significant
in the rewarding aspects of violent and aggressive behavior. However, at
present, a "marker" for some aspect of brain dopamine activity that is selective
to a specific kind of aggression or violent behavior has not been identified in
any of the accessible bodily fluids or via imaging methods in the brain.

The most frequently used treatment of violent outbursts in emergency
situations and also in long-term medication of violence-prone individuals
employs drugs that act principally at dopamine receptors. Particularly, drugs
that antagonize the D2 subtype of dopamine receptors represent widely used
antipsychotics with frequent application to violent patients. Evidence from
animal and human studies emphasizes the many debilitating side effects of
these drugs
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that render them problematic as treatment options, representing little more than
a form of "chemical restraint." Antipsychotic drugs that are antagonists at D2
dopamine receptors show a wide range of behavioral activities and, when used
chronically, lead to various neurologic problems.

Cocaine and amphetamine activate behavior and engender euphoria in all
likelihood via action on brain dopamine receptors. The broad spectrum of
behavioral and mood-elevating effects of these drugs may also include the
aggression-enhancing effects that are seen in animals under certain conditions
and that may be relevant to the occasional incidence of human violence after
psychomotor stimulants. More important, however, are the psychopathic
conditions that precede chronic amphetamine or cocaine use in predicting
violent outbursts. Whether the paranoid psychosis due to amphetamine or
cocaine use represents the causative condition for occasional violent behavior or
the psychopathology preceding drug use is unclear at present. The relatively
infrequent occurrences of violent activities in stimulant abusers appear to result
from brain dopamine changes that are counteracted by treatment with
antipsychotic drugs.

Norepinephrine

Behavioral events involving intense affect are accompanied by adrenergic
activity, in both the peripheral and the central nervous system. For several
decades, the adrenergic contribution to the "flight-fight" syndrome in the form
of increased sympathetic innervation as well as adrenal output has been well
established. More recently, large changes in noradrenergic neurotransmitter
activity in limbic, diencephalic, and mesencephalic regions, while preparing for,
executing, and recovering from highly arousing activities—among them
aggressive and violent behavior—have been documented. So far, in neither
animal nor human studies have noradrenergic "markers" emerged that
selectively identify the propensity to engage in an aggressive or violent act.
Rather, noradrenergic activity, either measured in the form of metabolite levels
in a bodily fluid or indirectly assessed in a sympathetically innervated end
organ, is correlated with the level of general arousal, degree of behavioral
exertion and activation, and either positive or negative affect, but not with a
specific behavior or mood change such as a violent act.

The most significant development during the past dozen years in applying
noradrenergic drugs in the management and treatment of retarded,
schizophrenic, or autistic patients with a high rate of

AN OVERVIEW OF BIOLOGICAL INFLUENCES ON VIOLENT BEHAVIOR 9

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


violent behavior is the use of beta-blockers primarily for their effects on the
central nervous system rather than for their autonomic effects. Drugs that block
adrenergic beta-receptors also act on certain subtypes of serotonin receptors,
and their aggression-reducing effects may be derived from their action on these
latter sites. Beta-blockers have not been compared in effectiveness and side
effects, particularly during long-term treatment, with other therapeutic agents
that reduce aggressive and violent activities.

Clonidine, an adrenergic drug that targets a specific alpha-receptor
subtype, has been used with success in managing withdrawal from alcohol,
nicotine, and opiate addiction. Evidence from animal and human studies
demonstrates that withdrawal states are often associated with irritability and a
higher incidence of aggressive and defensive acts.

The application of therapeutic agents with increasing selectivity for
adrenergic receptor subtypes to managing and treating patients with violent
outbursts represents an important therapeutic alternative to the classic
antipsychotics.

Serotonin (5-Hydroxytryptamine)

For the past 30 years, the most intensively studied amine in violent
individuals has been serotonin. Evidence from studies ranging from
invertebrates to primates highlights marked changes in aspects of serotonin
activity in bodily fluids or neural tissue in individuals that have engaged in
violent and aggressive behavior on repeated occasions. There is considerable
evolutionary variation in the role of serotonin in mediating aggressive or violent
behavior across animal species, functionally divergent roles even being
represented at the nonhuman primate level. In psychiatric studies, deficits in
serotonin synthesis, release, and metabolism have been explored as potential
"markers" for certain types of alcoholic and personality disorders with poor
impulse control. It is very difficult to extract, from single measures of whole
brain serotonin or blood levels, activity information that is specific to past
violent behavior, or represents a risk for future propensity, without also
considering seasonal and circadian rhythmicity, level of arousal, nutritional
status, or past drug history, particularly alcohol abuse. No single type or class of
violent activity has emerged as being specifically linked to a "trait" serotonin
metabolite level. However, challenges with pharmacologic probes and
physiologic or environmental stresses begin to reveal an important profile of
serotonin-mediated response patterns.
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During the past decade, remarkable advances in serotonin receptor
pharmacology have promised to yield important new therapeutic options.
Evidence from animal studies suggest that drugs with specific actions at certain
serotonin receptors selectively decrease several types of aggressive behavior. A
new class of antianxiety drugs that target certain serotonin receptors is currently
finding acceptance in clinical practice. However, specific antiaggressive effects
have not been demonstrated for the serotonin anxiolytics. In humans, brain
imaging of serotonin receptors begins to point to distinct alterations in serotonin
receptor populations in subgroups of affectively disordered patients. These
ongoing developments promise to be significant for diagnostic and therapeutic
applications to violent individuals.

Sensational incidents of violence have been linked to the use of
hallucinogens that act at distinct serotonin receptor subtypes. However, little is
known as to whether or not the action at serotonin receptors is the actual
mechanism by which these substances engender violent outbursts in rare,
possibly psychopathic individuals.

Gamma-Aminobutyric Acid—Benzodiazepine Receptors

Thirty percent of all synapses in the brain use gamma-aminobutyric acid
(GABA), and many of the GABA-containing neurons are inhibitory in nature.
This cellular inhibitory role has been postulated to apply also to the physiologic
and behavioral levels, including aggression. However, the present
neurochemical evidence from animal studies finds inhibitory as well as
excitatory influences of GABA manipulations on different aggressive patterns
in discrete brain regions.

Interest in GABA is currently intense because one subtype of GABA
receptor (GABA-A) forms a supramolecular complex that also localizes
benzodiazepine receptors and that also is the site of action for certain alcohol
effects. These receptors are the site of action for the most important antianxiety
substances that have also been used for their antiaggressive properties.
Evidence from animal and human studies documents the effectiveness of
benzodiazepine anxiolytic for their calming and quieting effects. However,
under certain pharmacologic and physiologic conditions, at low doses
benzodiazepine anxiolytics may increase aggressive behavior in animals and
humans, leading sometimes to violent outbursts that are termed "paradoxical
rage."

The study of the benzodiazepine-GABA-A receptor complex in
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individuals with a high rate of violent behavior promises to enhance the
currently available diagnostic and therapeutic tools for the management of
violence.

BRAIN MECHANISMS AND VIOLENT BEHAVIOR

NEUROANATOMIC APPROACH

Physiologic research on aggression in animals has discovered that different
neural circuits appear to underlie ''predatory attack" behavior as opposed to
"affective defense" in animals (Siegel and Edinger, 1981, 1983; Siegel and
Brutus, 1990). Sites in which electrical stimulation elicits predatory attack
behavior in the cat include midbrain periaqueductal gray matter, the locus
ceruleus, substantia innominata, and central nucleus of the amygdala. Brain
sites that mediate affective defense reactions in the cat include the medial
hypothalamus and the dorsal aspect of periaqueductal gray matter. In general,
limbic structures such as the amygdala, hypothalamus, midbrain periaqueductal
gray, and septal area, as well as cortical areas such as the prefrontal cortex and
the anterior cingulate gyrus, contain networks of excitatory and inhibitory
processes of different kinds of aggressive and defensive behavior.

Aggression in animals largely reflects an adaptive response when viewed
within an evolutionary framework. Whether or not violent offending in humans
constitutes an instrumental act that can be viewed as adaptive is open to
question. Nevertheless, the distinction between quiet, predatory, planned attack,
on the one hand, and affective, explosive aggression occurring in the context of
high autonomic arousal may be of heuristic value for understanding human
violence. Possibly, cat (or rat) models could serve as effective screening
methods to identify new drugs—some for control of "cold calculated"
aggression, others for control of "explosive" aggression. Neuroanatomic and
neuropsychologic studies are needed, however, to determine whether disruption
of different brain mechanisms is indeed implicated in these two forms of
aggression in humans.

Data on the neuroanatomy of violence in humans stem largely from
clinical studies of the effects of epileptic activity and other forms of brain
damage on behavior, as well as from reports of the effects of brain resections on
control of violent behavior (i.e., psychosurgery). Psychosurgical studies in
Japan, India, and the United States have aimed at destroying portions of the
limbic system, especially the amygdala and medial hypothalamus, in cases
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of patients with uncontrollable violence. Other symptoms have been targeted
for psychosurgical treatment, as well. Favorable outcomes are reported, but
clinical improvement has been variable; moreover, the basis for assessing
success is controversial (see Mirsky and Siegel, in this volume; O'Callaghan
and Carroll, 1987). Several studies suggest a link between violence and
temporal lobe epilepsy, although violence occurring during a seizure is
extremely rare (Mirsky and Siegel, in this volume). The question remains
unanswered as to whether some patients with seizure disorders are more
violence prone (because of their putative heightened emotionality) than other
persons. Another important question that remains unanswered to date concerns
whether these limbic system structures (portions of the temporal lobe,
hippocampus, amygdala, hypothalamus) are also implicated in ostensibly
"normal" criminally violent offenders who are not preselected under the
suspicion of neural abnormalities. Brain imaging techniques constitute one
relatively new methodology for addressing such questions.

Clinical case studies of patients with damage to the prefrontal lobes
provide some support for a link between this area and features of psychopathic
behavior; however, the overlap between these two syndromes is only partial.
Given the animal data implicating the prefrontal cortex in the inhibition of
aggression, together with neuropsychologic data on frontal dysfunction in
violence, it would seem important to pursue research linking this brain site with
violence. Studies are needed that combine brain imaging and social, cognitive,
emotional or affective measures in order to assess both direct and indirect
relationships between the prefrontal cortex and violence in humans.

NEUROPSYCHOLOGIC APPROACH

A large number of studies have found that violent offenders have brain
dysfunction as reflected in deficits on neuropsychologic tests (e.g., Bryant et al.,
1984; see review in Mirsky and Siegel, in this volume). Although the etiological
implications of these deficits are not fully understood, there is converging
evidence that cognitive deficits may underlie early school failure, dropouts,
alcohol and drug use, and ultimately, encounters with the legal system as
violent offenders.

An important issue requiring resolution concerns whether
neuropsychologic disturbances are a cause or an effect of violence. Left-
hemisphere dysfunction that disrupts linguistic processing may be causal with
respect to violence in that poorer verbal comprehension
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and communication may contribute to a misinterpretation of events and motives
in an interpersonal encounter; this in turn could precipitate a violent encounter.
Similarly, poor verbal abilities and communication skills could contribute to
peer rejection in childhood, which in combination with other later social and
situational factors could predispose to alienation and, ultimately, to violence.
Alternatively, left-hemisphere dysfunction could result in verbal deficits that
lead to school failure, which in turn could lead to violence. Left-hemisphere
dysfunction may, however, be a result (rather than the cause) of violent
behavior, since blows to the head and falls may result in concussion and
damage to the cortex.

Another major source of damage to the brain that may have profound and
irreversible consequences for adaptive behavior is in environmental toxins.
Maternal use of ethanol (as in beverage alcohol) has effects on the fetus that
may persist for many years, and are manifest in poorer attention at ages 4, 7,
and older (Streissguth et al., 1984, 1986, 1989). The effects of lead on cognitive
and social adaptation have been the focus of investigation by Needleman and
collaborators (1990); even relatively "small" elevations of lead in the body are
associated with poor attention, academic failure, and other impairment in life
success. Maternal use of cocaine, opiates, and tobacco has also been shown to
have a deleterious effect on the neurobehavioral capacities of the infant and
developing child. These early effects may be associated, as well, with long-term
academic and social failures (summarized in Mirsky and Siegel, in this volume).

Large-scale epidemiologic and prospective studies are required in order to
help elucidate the etiologic significance of neuropsychologic impairment for
violence. One limitation of neuropsychologic studies, however, is that they are
only indirect measures of brain dysfunction; additional statements regarding
brain dysfunction in violence can be made on the basis of future studies that
combine neuropsychologic testing with electroencephalogram (EEG) and
positron emission tomography (PET) measures of brain activity.

PSYCHOPHYSIOLOGIC APPROACH

Neurochemical, neuroanatomic, and neurophysiologic research on violent
behavior faces formidable difficulties. Measurement of the central neurologic
processes is costly, often invasive, and difficult to implement so as to observe
the processes during reactions to transitory situations in the social environment.
To cope with these difficulties, an alternative approach to the study of
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some types of violent offenders has been provided by the measurement of
psychophysiologic variables (i.e., assaying autonomic and CNS functions by
means of recordings from the periphery of the body). Included among these
variables are heart rate and skin conductance (autonomic nervous system
variables), as well as EEG and event-related brain potentials (central nervous
system variables). Differences among criminals, delinquents and conduct-
disordered children on the one hand, and control subjects, on the other, have
been shown to exist in resting heart rate (lower in offenders and in persons
characterized as fearless) (Raine et al., 1990a; Raine and Jones, 1987; Venables
and Raine, 1987; Kagan, 1989). Some offenders have also been shown to have
lower skin conductance responses to orienting stimuli than controls, although
the reverse may be true for criminal offenders designated as psychopathic
(Siddle et al., 1973; Raine et al., 1990b).

With respect to EEG studies, many have reported an excess of slow wave
activity in the records of incarcerated criminal offenders. It is unclear whether
this is best interpreted as the effects of underarousal in the prison setting,
developmental anomalies, or the sequela of brain damage (Williams, 1969;
Hare, 1980).

Event-related brain potentials (ERPs), in particular the P300 component,
have been studied in a number of disordered populations. The P300 wave,
which is an index of the allocation of attention to a stimulus (Duncan, 1990), is
an example of a "cognitive" component of the ERP. These components vary as
a function of some information processing requirement or task administered to
the subjects. The P300 has been found to be larger in some groups of
psychopathic criminals (Raine and Venables, 1988). The interpretation of this
finding is unclear, although it suggests that these persons process information
differently from normal subjects.

NEUROIMAGING APPROACH

Perhaps the most recent technical development in research into the
antecedents of violence involves the application of new brain imaging
techniques. Positron emission tomography and regional cerebral blood flow
(RCBF) techniques allow direct and indirect assessments of glucose metabolism
(or blood flow in the case of RCBF) throughout the brain either during a resting
state or during performance of a certain task. As such, PET and RCBF
techniques assess brain function. Conversely, computerized tomography and
magnetic resonance imaging (MRI) techniques, while providing detailed
images, assess brain structure only.
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Although studies suggest differences between violent and nonviolent
offenders, sample sizes have been relatively small, and findings should be
viewed as preliminary. Nevertheless, brain imaging is clearly a new field that
has enormous potential for addressing questions concerning altered brain
structure and function in violent offenders. For example, PET studies would be
capable of directly assessing differential effects of alcohol administration on
brain glucose metabolism in violent and nonviolent offender groups, and could
help address the issue of whether some violent offenders constitute a subgroup
that is particularly susceptible to the disinhibitory effects of alcohol on specific
brain areas. Studies that combine both MRI and PET techniques are clearly
desirable in that assessments of both structure and function would allow more
complete statements to be made with regard to brain dysfunction in violence.
Studies that combine brain imaging assessment with neuropsychologic,
cognitive-psychophysiologic, and hormonal assessments in violent and
nonviolent subjects would allow us to address the potentially important
interactions between different biologic systems in predisposing to violence.

HYPOGLYCEMIA, DIET, AND VIOLENT BEHAVIOR

Some studies have observed that violent offenders, particularly those with
a history of alcohol abuse, are characterized by reactive hypoglycemia
(Virkkunen, 1986). Although there have been no demonstrations to date that
violent individuals are hypoglycemic at the time of the commission of violence,
it is possible that low blood glucose levels (hypoglycemia) could be conducive
to aggressive behavior. Increased irritability is one symptom of hypoglycemia
(Marks, 1981), and this could be the first step in the development of a full-
blown aggressive outburst. Anthropologic studies, studies of aggressive
personality in "normal" subjects, and experimental studies in animals all support
a link between hypoglycemia and aggression (Venables and Raine, 1987).
Acute symptoms of hypoglycemia are reported as maximal at 11.00–11.30 a.m.
(Marks, 1981), and this time corresponds to peaks in assaults on both staff and
other inmates in prison, both of which reach their maximum at 11.00–11.30
a.m. (Davies, 1982).

A number of studies have claimed that dietary changes aimed at reducing
sugar consumption reduce institutional antisocial behavior in juvenile offenders,
but these studies have methodological weaknesses that preclude drawing any
firm conclusions at the present time (see Kanarek, in this volume). There is also
some
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limited evidence that food additives may contribute to hyperactivity, although
the data on sugar intake and hyperactivity are inconclusive (Kanarek, in this
volume). There have been reports however that home environment mediates
dietary effects on behavior.

Although data are limited at the present time, further double-blind studies
into the effects of dietary manipulation on aggression and violence in
institutions seem warranted. Furthermore, investigation of the interconnections
between hypoglycemia or diet and other factors at both biological and social
levels seems warranted. Since alcohol increases the susceptibility to
hypoglycemia through its capacity to increase insulin secretion (Marks, 1981),
it may well be that predispositions to both hypoglycemia and alcohol abuse
would make an individual particularly predisposed to violence. Hypoglycemia
has also been theoretically linked to both low heart rate and EEG slowing,
factors that have been found to characterize violent offenders (Venables, 1988).
The fact that children from a supportive home environment show more dietary
improvement than those from an unsupportive home (Rumsey and Rapoport,
1983) also suggests an interaction between diet and family environment in
antisocial behavior. Clearly, diet and hypoglycemia should not be studied
independently of interactions with factors at other levels.
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Genetics and Violence

Gregory Carey

ANIMAL STUDIES

There is no behavioral genetic literature on violence in infrahuman species.
Rather, the phenotype (i.e., observable behavior) is termed aggression or
agonistic behavior, often occurring as an appropriate, adaptive response to a
particular set of environmental circumstances. The extrapolation of such
evolutionarily preadapted responses to human homicide or robbery is, of course,
tenuous. Nevertheless, the ability to control matings and the intrauterine and
postnatal environment dictates that the study of behavioral biology in animals
may yield clues to the conditions for onset and cessation of some violent
encounters in humans.

The behavioral genetic literature on animal aggression focuses almost
exclusively on rats and mice. It has been documented for more than half a
century that there are strain differences in the agonistic behavior of male mice
(Ginsburg and Allee, 1942; Scott, 1942). The extensive literature on these
differences has been reviewed elsewhere (e.g., Brain et al., 1989; Maxson,
1981). Selection studies have also demonstrated significant heritability for
murine aggression (e.g., Ebert and Sawyer, 1980; van Oortmerssen and Bakker,
1981). Hence, there is abundant evidence that genetic

Gregory Carey is at the Department of Psychology and the Institute for Behavioral
Genetics, University of Colorado, Boulder.
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polymorphisms influence individual differences in aggression and agonistic
behavior in rodents. This genetic liability toward aggression, however, is to a
certain degree situation specific (Jones and Brain, 1987). For example, in
dyadic male encounters, mice of the BALB/cBy strain are more aggressive than
those of the C57BL/6By strain when tested against members of their own strain,
but C57BL/6By are more aggressive when tested against mice of other strains.
As Maxson (1990) notes, the genetics of aggression in a dyadic encounter
depend not only on the individual's own genes but also on the genes of the
conspecific partner. Similarly, diurnal variation, season of the year, arena size,
test duration, and the operational definition of aggression are but a few of the
variables that may change the rank order of aggression in strains (Maxson, 1990).

Similar specificity may occur for sex-appropriate aggression. Early
selection studies selected for aggression among males only and did not report
differences in aggression among females of the selected lines (Ebert and
Sawyer, 1980). However, later researchers argue that females from high
aggressive lines demonstrate their aggression in sex-appropriate settings such as
postpartum tests (Hood and Cairns, 1988). Similarly, there also appears to be
genetic sensitivity to the effects of early neonatal androgens on aggression in
mice (e.g., Michard-Vanhee, 1988; Vale et al., 1972).

The recent trend in behavioral genetic research is aimed less at
demonstrating the fact of inheritance than at elucidating its genetic correlates
and identifying genetic loci that underlie agonistic behavior. Here, polymorphic
loci on the Y chromosome may contribute to individual differences in male
aggression in the mouse, at least in some strains (Carlier et al., 1990; Maxson et
al., 1989; Selmanoff et al., 1976). Given the homology of the mammalian
genome, such work may offer insight into the genetics of human behavior.

HUMAN BEHAVIORAL GENETIC STUDIES

INTRODUCTION

Before embarking on a critical overview, the terms of human behavioral
genetics require definition. With respect to sibships, phenotypic (i.e., observed)
variability is often decomposed into three major components: genetic variance,
common environmental variance, and unique environmental variance. The
difference between common and unique environmental variance is purely
statistical: Common environment includes all environmental factors
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that contribute to sibling similarity, whereas unique environment subsumes all
environmental mechanisms that promote sibling differences . To express
similarity for vertical relationships such as parent and offspring, two major
variance components are usually identified: genetic variance and vertical
environmental transmission variance. Technically, vertical environmental
transmission variance includes all environmental mechanisms, even those
outside the home, that correlate with parental antisocial behavior and at the
same time influence individual differences in offspring antisocial behavior.

Genetic influence is usually quantified by either of two estimates of
heritability. Broad sense heritability is the total genetic variance divided by the
phenotypic variance; usually, the only population to permit estimation of broad
sense heritability is a large series of identical twins raised apart in random
environments. Narrow sense heritability is the additive genetic variance divided
by the phenotypic variance. The difference between additive genetic variance
and total genetic variance is a complicated function of allele frequencies, allelic
action, and interaction among difference genetic loci. Precise heritability
estimates are seldom possible with human behavioral phenotypes. Narrow sense
estimates are usually reported, with little or no empirical data to justify the
validity of their assumptions.

One does not inherit behavior as one inherits eye color. Hence, when the
behavioral phenotype is dichotomized (e.g., criminal offender versus
nonoffender), behavioral genetic analysis is aimed at liability. Liability is a
latent, unobserved variable that is at least ordinally related to risk—the higher
an individual's score on the liability scale, the greater is the relative probability
that the individual will be an offender. The latent variable of liability is
analyzed, not the dichotomized phenotype. Hence, it is appropriate to speak of
heritability of liability to criminal offending; it is not technically correct to refer
to the heritability of criminal offending.

One important specific application of the concept of liability is the
multifactorial model. The central assumption of this model is that a large
number of factors (many genes, parenting, schooling, peers, etc.) contribute to
liability in roughly equal amounts so that some mathematical transformation
will be able to scale liability to resemble a multivariate normal distribution
within families. In this case, the tetrachoric correlation is the appropriate
statistical index used to quantify familial resemblance for liability.
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MENDELIAN DISORDERS

Molecular genetic studies of rare, well-defined disorders can elucidate
basic physiologic mechanisms. Familial hypercholesterolemia, for example,
unraveled aspects of lipoprotein receptor synthesis and transport. Are there any
such exploitable models for human violence?

A search through Mendelian Inheritance in Man (MIM), a computerized
data base of known or suspected heritable disorders, revealed eight disorders of
potential relevance in the sense that the words ''aggression," "rage," "violence,"
or "antisocial" were mentioned in the MIM description. Table 1 lists these
disorders, their current MIM numbers, and comments. Except for alcoholism,
the genetics of which are unclear, the disorders are only tangentially associated
with violence. An appropriate model disorder (e.g., one with presenting
symptoms such as inexplicable rage) has yet to be described, although this
feature was present in one sibship from a consanguineous mating for Urbach
and Wiethe's disease (Newton et al., 1971). Although seizure disorders did not
appear in the search, emotional lability is a typical feature of Unverricht and
Lundborg myoclonus epilepsy (MIM number 254800), a form of seizure
disorder found largely in Finland.

At the other extreme, the genetics of some rare phenotypes associated with
violence (e.g., repetitive rapists, pedophiles) have never been studied. It is
possible that heritable forms may be uncovered among these rare individuals
and that molecular genetics may be used to elucidate basic mechanisms of
violence.

A potentially important finding that emerged after this review was
completed deserves mention. Brunner et al. (1993a,b) reported on a single, large
Dutch kindred in which an unusual number of males were affected with
moderate intellectual deficiency and aggression. The pattern of transmission
was consistent with X-linkage and perfectly correlated with a deficiency in the
gene for the enzyme monoamine oxidase-A. Studies on the frequency of this
gene and its association with aggression in the general population have yet to be
conducted.

CHROMOSOMAL ANOMALIES

The report by Jacobs et al. (1965) of a high prevalence of men with an
extra Y chromosome (karyotypes 47,XYY and 48,XXYY) among incarcerated
males sparked research (and debate) into the issue of whether supernumerary Y
individuals are at high risk for
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TABLE 1 Known or Suspected Genetic Disorders Associated With Aggression

Disorder MIM Numbera Comments

309550 Variable expression with
frequent mental retardation;
antisocial tendencies noted but
not a central part of the
syndrome.

a Mendelian Inheritance in Man.

GENETICS AND VIOLENCE 25

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Urocanase deficiency 276880 Vaguely defined disorder;
aggression noted in one
pedigree.

Gilles de la Tourette symptom 137580 Neurologic disorder with
involuntary motoric and vocal
tics. Both aggression and self-
mutilation have been reported,
but neither is symptomatic of
the disorder.

Precocious puberty, male
limited

176410 Gonadotropin-independent
gonadal testosterone secretion;
male-limited, autosomal
dominant transmission with
onset of sexual precocity as
early as 1 year; blockage of
both androgen and estrogen
synthesis was associated with
a reduction of aggression in a
series of nine boys.

α-Mannosidosis 248500 Aggressive tendency noted in
cattle with α-mannosidase
deficiency, but not known to
be associated with the
deficiency in humans.

Alcoholism 103780 Not known to follow strict
Mendelian transmission
patterns; well-established
phenotypic correlation with
aggression.

Lipoid proteinosis of Urbach
and Wiethe

247100 One pedigree reported in
which a sib suffered with
attacks of rage.

Deafness-hypogonadism
syndrome

304350 Only a single pedigree
reported, consistent with X
linkage; antisocial and
immature behavior noted in
males of the pedigree.

Fragile X syndrome
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violence, crime, and other psychopathology. Early research compared the
prevalence of sex chromosome aneuploidy among selected samples (e.g.,
prisoners, psychiatric patients) with the prevalence among newborn screens or
other controls. The initial reviews of 47,XYY and 48,XXYY syndromes by
Owen (1972) and Hook (1973) stressed that prospective research on well-
defined populations was necessary for accurate assessment of any relationship
between XYY and violence.

Several prospective studies have now followed aneuploid children into
adolescence. Results on 47,XYY suggest behavioral development well within
the normal range, but with minor deficits in intelligence, other cognitive skills,
and perhaps, in emotional and social skills (Bender et al., 1987). Study of a
Danish birth cohort (Witkin et al., 1976) found a high prevalence of criminal
registration among XYY individuals (5 of 12) that is not statistically different
from the prevalence among 47,XXY (3 of 16) but is greater than the base rate
among normal XY males of the same height (9% of slightly more than 4,000
men). Criminal histories of the five XYY individuals were not characterized by
violence and aggression. Convictions were for minor offenses adjudicated by
mild penalties, prompting the investigators to suggest that the relationship was
likely due to nonspecific factors such as lowered intelligence. Personal follow-
up revealed that the 12 XYY individuals had statistically significant but
clinically minor differences from controls in sexuality, aggression, and
testosterone levels (Schiavi et al., 1984, 1988; Theilgaard, 1984).

The prospective results dispel the myth of the XYY as a "hyperaggressive,
supermasculine sociopath" and, in its place, portray a group of individuals
within the normal range but with an array of relatively nonspecific behavioral
differences in attention and cognition, motoric skills, and personality. For
example, the sexuality of XYY individuals is characterized more by insecurity
and difficulty in developing and maintaining satisfying relationships with
women than by stereotyped hypermasculinity (Schiavi et al., 1988). It is
possible that nonspecific behavioral problems may increase risk among these
individuals for later criminal offenses.

GENETICS AND PERSONALITY TRAITS

Given that genes do not code directly for crime and violence, it might be
reasonable to suspect that genetic diathesis is mediated through personality
traits and cognitive styles. Kinship correlations for intelligence have been
summarized by Bouchard and
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McGue (1981), and the general pattern suggests important contributions from
both genes and family environment. A survey of the genetic literature on
personality traits is too vast to report here. Hence, this review is limited to two
major domains of personality. First, scales purporting to measure aggression are
reported, with the name of the scale dictating acceptance of a study for review.
In some studies, the exact items bear strong content resemblance to the concept
of violence used by the Panel on the Understanding and Control of Violent
Behavior (e.g., Tellegen et al., 1988); in other cases, the content appears related
more to a broader, almost psychoanalytic, notion of intrapunitiveness (e.g.,
Partanen et al., 1966); and in yet other studies, item content was not fully
specified (e.g., Rushton et al., 1986). The second area for review is scales
specifically constructed to predict juvenile delinquency. These scales include
the Psychopathic-deviate (Pd) scale of the Minnesota Multiphasic Personality
Inventory (MMPI; Hathaway and McKinley, 1940); the Socialization (So) scale
of the California Psychological Inventory (CPI; Gough, 1969); and the
aggression scale of the Missouri Children's Picture Series (MCPS).

Table 2 summarizes the results of this review. The studies are broadly
classified into twin and adoption strategies. The twin results are consistent with
the overall twin literature on personality: on the average, identical twins
correlate higher than fraternal twins. A notable exception is reported by Plomin
et al. (1981), the only study using blind ratings of aggression in a test situation
(ratings of child's aggression against a Bobo doll). All other studies used self-
report inventories or parental ratings. Unfortunately, sample sizes in Plomin et
al. (1981) are too small to detect whether this difference is attributable to
method of assessment, to aggression in childhood versus adulthood, or to
sampling error from a trait with modest heritability.

In the Minnesota series of twins raised apart (Gottesman et al., 1984;
Tellegen et al., 1988), the correlations are as great as those for adult twins
raised in the same household. Although standard errors for these correlations
are large, they suggest that the great similarity of twins raised together is not
due exclusively to such processes as imitation or reciprocal interaction (Carey,
1986) that might invalidate the twin design.

There is little relevant adoption data. Different scales were administered to
the Texas Adoption Project sample (Loehlin et al., 1985, 1987) in adolescence
(the CPI in Loehlin et al., 1985) and in early adulthood (the MMPI in Loehlin et
al., 1987). The patterning here is very similar to that of other adoption studies
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TABLE 2 Genetics Studies of Personality Measures Related to Delinquency or
Aggression

Males Females
Study Measure Group N R Group N R
Genders
Analyzed
Separately
Owen and
Sines (1970)

MCPS
aggression

MZ 10 .09 MZ 8 .58

DZ 11 -.24 DZ 13 .22
Gottesman
(1966)

CPI
socialization

MZ 34 .32 MZ 45 .52

DZ 32 .06 DZ 36 .26
Scarr (1966) ACL n

aggression
MZ 24 .35

DZ 28 -.08
Partanen et
al. (1966)

Aggression
items

MZ 157 .25

DZ 189 .16
Loehlin and
Nichols
(1976)

CPI
socialization

MZ 202 .52 MZ 288 .55

DZ 124 .15 DZ 193 .48
ACL
aggressive

MZ 216 .20 MZ 293 .24

DZ 135 -.05 DZ 195 .06
Rowe (1983) Number of

delinquent
acts

MZ 61 .62 MZ 107 .66

DZ 38 .52 DZ 59 .46
Rushton et
al. (1986)

23 aggression
items

MZ 90 .33 MZ 106 .43

DZ 46 .16 DZ 133 .00
DZ-OS 98 .12

MZ DZ
Study Measure N R N R
Genders Pooled
Gottesman (1963, 1966);
Reznikoff and
Honeyman (1967)

MMPI psychopathy 120 .48 132 .27

Plomin et al. (1981) Median (three objective
aggression ratings)

53 .39 31 .42

Ghodsian-Carpey and
Baker (1987)

CBC aggression 21 .78 17 .31

MOCL aggression 21 .65 17 .35
Pogue-Geile and Rose
(1985)

MMPI psychopathy 71 .47 62 .15

71 .23 62 .20
Rose (1988) MMPI psychopathy 228 .47 182 .23
Tellegen et al. (1988) MPQ aggression 217 .43 114 .14
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MZ DZ
Study Measure N R N R
Twins Raised Apart (Minnesota Sample)
Tellegen et al. (1988) MPQ aggression 44 .46 27 .06
Gottesman et al. (1984) MMPI psychopathy 51 .64 25 .34

Study Measure Relationship N R
Adoption Studies
Loehlin et al.
(1985)

CPI socialization Adoptive father-child 241 -.03

Adoptive mother-
child

253 -.02

Biological father-
child

52 .16

Biological mother-
child

53 .06

Adoptive-adoptive
sibs

76 .03

Adoptive-biological
sibs

47 .10

Biological-biological
sibs

15 -.01

Loehlin et al.
(1987)

MMPI psychopathy Adoptive father-child 180 .07

Adoptive mother-
child

177 .01

Biological father-
child

81 .12

Biological mother-
child

81 .07

Birth mother-
adopted child

133 .27

Adoptive-adoptive
sibs

44 .02

Adoptive-biological
sibs

69 .06

Biological-biological
sibs

20 -.06

Parker (1989) CBC aggression
items

Adoptive sibs (age 4) 45 .54

Natural sibs (age 4) 66 .42
Adoptive sibs (age 7) 17 .28
Natural sibs (age 7) 19 .55

NOTE: ACL = adjective checklist; CBC = child behavior checklist; CPI = California Psychological
Inventory; MCPS = Missouri Children's Picture Series; MMPI = Minnesota Multiphasic Personality
Inventory; MOCL = Mothers' Observational Checklist; MPQ = Multidimensional Personality
Questionnaire.
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(e.g., Scarr et al., 1981)—zero-order correlations with adoptive parents and
small positive correlations with biological parents. This is consistent with the
twin data in suggesting heritability, although estimates of the genetic effect are
lower in the adoption than in the twin studies. The fact that adoptive relatives
bear little resemblance to one another suggests that processes such as imitation
and common family environment have weak effects on these psychometric
predictors of delinquency. Parker's (1989) recent analysis of data from the
Colorado Adoption Project (Plomin et al., 1981) gives a very different picture.
Based on maternal ratings of aggression, both adoptive and biological siblings
show strong, roughly equal, resemblance. These data agree with the Plomin et
al. (1981) results in suggesting important common environment effects for
childhood aggression, but do not agree with the small twin studies of Owen and
Sines (1970) and Ghodsian-Carpey and Baker (1987).

Together, the personality data imply a genetic contribution to individual
differences for important correlates of violence. This inference is stronger for
older adolescents and adults than for children. A glaring lack in this literature
(as well as in the genetic literature on criminal offenders) is the absence of data
to permit multivariate genetic analysis of personality traits such as aggression
and criminal offending.

Since this review was completed, several important studies of parental
ratings of childhood aggression and delinquency in child and adolescent twins
have been completed and initial results suggest important heritability.
Gottesman and Goldsmith (in press) should be consulted for a review.

Juvenile Antisocial Behavior

Here, research on actual crime or antisocial behavior during adolescence is
reviewed. Early twin studies of juvenile delinquency, summarized in Table 3,
gave strong evidence of important common environment effects and weak
evidence for heritability. Many of these early studies did not select samples or
define phenotypes with the rigor required by modern research standards (see
Slater and Cowie, 1971; Christiansen, 1977, for reviews). More recently, Rowe
(1983, 1985, 1986) analyzed the number of self-reported antisocial behaviors
from junior and senior high school twins. The twin correlations (given
previously in Table 2) demonstrate significant heritability and, agreeing with
the concordances
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in Table 3, implicate common environment, albeit without reaching statistical
significance.
TABLE 3 Pooled Twin Concordance Rates for Juvenile Delinquency in Identical and
Same-Sex Fraternal Twinsa

Identical Fraternal
Gender Number of

Pairs
Percent
Concordant

Number of
Pairs

Percent
Concordant

Female 12 92 9 100
Male 55 89 30 73

a Based on the review by Cloninger and Gottesman (1987), eliminating pairs studied by Kranz
(1936) in which concordance was not reported separately by gender.

Adoption studies support the importance of family environment in early
antisocial behavior. Cadoret et al. (1983) reported a significant main effect for
an adverse adoptive home and some form of gene-environment interaction in
three different adoptee samples. Bohman (1971) and colleagues (Bohman and
Sigvardsson, 1985; Bohman et al., 1982) prospectively studied Swedish
children from unwanted pregnancies. At age 15, those who remained with their
own biological parents or who were placed as foster, but unadopted, children
had almost twice the rate of antisocial-like behavior problems (truancy, running
away, misuse of alcohol and drugs, repeated thefts) as their classmate controls.
Children who were formally adopted, however, showed slightly lower rates than
their controls and much lower rates than both the foster children and those
remaining with their parents, despite a high frequency of criminality and
alcohol abuse among their birth parents. Bohman suggested that any adverse
genetic liability was neutralized by the benefits provided by secure adoption.

Together, the early twin studies, the nonsignificant trend in Rowe's study,
the Cadoret analyses, and the Bohman results provide strong evidence for a
family environment effect on juvenile antisocial behavior. Both the Rowe and
the later Cadoret studies suggest that genetics cannot be ignored during this
period. Perhaps the most important research question for the future is the
investigation of genetic and family environmental contributions to adolescent
antisocial behavior that persists into adulthood and the detection of reasons why
this behavior ceases in many adolescents.
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ADULT ANTISOCIAL BEHAVIOR

The bulk of the literature relevant to genetics and violence comprises
studies of adult criminality. The results from early twin studies are summarized
in Table 4. Compared to the concordances for juvenile delinquency (see
Table 3), there appears stronger evidence for the role of genes in adult antisocial
behavior than in adolescent delinquency. Although the methodology of most of
these twin studies is poor by absolute standards, they are largely the same
studies that generated the juvenile data. Strong methodological biases might be
expected to affect both the younger and the older twins in a single series, yet the
concordance rates appear to differ.

The more modern studies have undergone recent review by Rowe and
Osgood (1984), Ellis (1982), and Walters and White (1989). Here, the samples
are reviewed and described with an eye on the generalizability of the results.

NORWEGIAN TWIN STUDY

Dalgard and Kringlen (1976) identified male twins born in Norway
between 1921 and 1930, of whom at least one member had appeared in a
national police register by the end of 1966. The 139 intact and located pairs
were interviewed personally, or information was gathered through family
history interviews with relatives. Like other selected samples, the registered
probands were
TABLE 4 Pooled Twin Concordance Rates for Adult Criminality in Identical and
Same-Sex Fraternal Twins (early studies)a

Identical Fraternal
Gender Number of

Pairs
Percent
Concordant

Number of
Pairs

Percent
Concordant

Female 7 86 4 25
Male 112 67 101 37

a Based on the reviews by Gottesman et al. (1983) and Cloninger and Gottesman (1987), eliminating
pairs studied by Lange (1930) in which gender of twins was not specified. Two of 43 DZ probands
in Kranz's (1936) sample are female but are included in the male calculations because concordance
of the two pairs was not specified in the original article.

GENETICS AND VIOLENCE 32

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


characterized by lower education, lower occupational status, and increased rates
of alcohol problems.

With a broad definition of criminal involvement (legally punishable
behavior reported to the criminal register), there was little difference in
concordances—37 and 31 percent for monozygotic (MZ) and dizygotic (DZ)
pairs. Slightly better discrimination was found with a stricter definition of
criminal involvement (crimes of violence, sexual assault, theft and robbery)—
41 and 26 percent, respectively, for MZ and DZ twins—but the difference does
not reach significance. Unfortunately, base rates for criminal registration were
not provided. Neither were analyses performed jointly on alcohol use and
crime. An intriguing but statistically nonsignificant finding that emerged
through the interviews was that concordant identical twins tended to collude
more often in the same criminal act than fraternal pairs.

Danish Twin Study

Christiansen (1968) identified all twins born on the Danish islands between
1880 and 1910, where both members survived to age 15, and traced the twins
through national and local police or penal registers. Updates of the sample were
provided by Christiansen (1974, 1977), Cloninger et al. (1978), and after
Christiansen's death, by Gottesman et al. (1983) and most recently by Cloninger
and Gottesman (1987).

On virtually every type of classification for crime, MZ twins are more
concordant than DZ twins. One illuminating finding is that despite base rate
differences in criminal registration between males and females, tetrachoric
correlations of liability are remarkably similar—.74 for both male and female
MZ twins, .47 for male-male DZ and .46 for female-female DZ pairs. In
contrast, the correlation for male-female pairs is .23, suggesting either sex-by-
genotype interaction (i.e., the loci that contribute to individual differences in
males do not have identical effects in females) or common environment-by-sex
interaction (i.e., those environmental factors that contribute to twin concordance
do not have the same effects in males and females).

One major difficulty in interpreting these twin results is the difference in
base rates for the three zygosity groups illustrated in Table 5. In both genders,
MZ twins have the highest—and opposite-sex DZ twins the lowest—
registration rates. The difference is significant for males and almost reaches
significance for females. Such a pattern suggests an "imitation" or collusion
effect
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that would increase variance (and hence prevalence) as a function of the
magnitude of the imitation and heritability (Carey, 1986; 1992).
TABLE 5 Prevalence of Registered Criminality in Danish Twins by Sex and Zygosity

Males Females
Zygosity Numbera Percent Criminal Numbera Percent Criminal
Identical 730 13.42 694 2.59
SS fraternal 1,400 12.29 1,380 2.17
OS fraternal 2,073 9.55 2,073 1.47
χ2 11.00b 4.70c

a Total number of individuals.
b p < .001.
c .10 > p > .05.
NOTE: SS = same sex; OS = opposite sex.
SOURCE: Data from Cloninger and Gottesman (1987).

Danish Adoption Studies

The Danish adoption studies on registered criminality began with
identification of 1,145 male nonfamilial adoptees and a series of matched
nonadoptees (hereafter termed ''controls") born in the city and county of
Copenhagen from 1927 to 1947. Both adoptees and controls were between ages
30 and 44 when they were followed up through national registers for criminality
and psychiatric disorder. Detailed analyses on criminal registration in this
sample were done by Hutchings (1972) and reported in Hutchings and Mednick
(1977); analyses on the diagnosis of sociopathy were performed by Schulsinger
(1972). Two major findings are consistent with a hypothesis of genetic effects.
First, despite adoption into households offering a representative standard of
living in Denmark, adopted males had almost twice the rate of criminal
registration as their controls (16.2 versus 8.9%). Because 30.8 percent of
biological fathers had a criminal record, compared to 12.6 percent of adoptive
fathers and 11.1 percent of control fathers, the increased rate of criminality
among adoptees is consistent with their inheritance
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of a greater genetic liability toward crime than controls. (This finding, however,
is not necessarily proof of a genetic etiology because adoption per se may have
elevated crime rates.) Second, criminality in the biological fathers was
correlated with criminality in the adopted sons. Among adoptees whose
biological fathers were registered, 22.7 percent were registered for criminal
offenses and another 35.7 percent were on record as having committed only
minor offenses. Among adoptees whose fathers were not registered, the
respective percentages are 13.6 and 33.7 percent. This pattern suggests a
heritable effect for more serious crime, but perhaps a lack of one for minor
offenses.

Also evident in the data was a significant family environment effect. Given
criminal registration in an adoptive father, 27.1 percent of adoptees had
criminal offenses and another 37.5 percent had minor offenses. When the
adoptive father was not registered, the respective percentages were 14.5 and
33.9 percent, again suggesting important family environmental effects for more
serious crime.

The sample of Danish adoptees was later extended to the female adoptees,
and to the entire country of Denmark, and reported on by Mednick et al. (1983,
1984). The expanded sample lacked the controls of the earlier sample and used
court convictions instead of criminal registration as the index of crime. Results
on biologic parent criminality replicated earlier results. The probability of court
conviction among adoptees increased almost linearly with the number of court
convictions for biological parents. Of importance here was that the effect was
evident only for property crime and not for violent offenses. (The precise
definition of a violent offense is not offered by the authors.) Curiously, the
significant effect of adoptive parent criminality found in the Copenhagen
adoptees did not replicate in the extended sample, and no reason was offered for
this lack of consistency.

Further analyses of this sample have been provided by Van Dusen et al.
(1983a,b), Baker (1986), Baker et al. (1989), and Moffitt (1987). Significant
predictors of adoptee convictions include socioeconomic status of both the
adoptive and the biological parents, psychiatric history of the biological parents
(especially personality disorder and substance abuse), and late placement and
number of placements before final adoption. Again, these relationships are
significant for nonviolent convictions. Either violent offenses were not analyzed
(Baker, 1986; Baker et al., 1989), or the results were largely insignificant (Van
Dusen et al., 1983a,b; Moffitt, 1987). An exception was a single analysis by
Moffitt, reported in Mednick (1987). Here, violent offenses in male adoptees
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were predicted by the number of convictions among biological fathers and
antisocial types of psychiatric disorder in biological mothers.

Swedish Adoption Study

In addition to his study of unwanted pregnancies, Bohman (1978)
identified 2,324 individuals born in Stockholm, Sweden, between 1930 and
1949 who were given up by birth parents for nonfamilial adoption. These
adoptees and their birth parents were tracked through official Swedish records
for alcohol abuse (having a fine imposed for intemperance, supervision by a
local temperance board, or treatment for alcohol abuse) and criminality (defined
as a conviction with more than 60 "day fines," a fine prorated to the defendant's
income). At the time of the record search, adoptees' ages ranged from their early
twenties to early forties.

Like the biological parents in the Danish sample, biological mothers and
fathers both had high rates of registration, but one striking feature distinguishes
these two Scandinavian samples—none of the adoptive parents in Sweden
appeared on the criminal register (Bohman et al., 1982), whereas the Danish
adoptive parents had rates of criminal registration only slightly below
population base rates (Mednick et al., 1983). Thus, the Swedish adoptees may
be regarded as a special sample selected for higher-than-average genetic
liability but lower-than-average family environment liability to crime. What
effect did this peculiar selection have? Apparently, the effects cancel each other.
The base rate for criminal registration among male adoptees was 12 percent
compared to an 11 percent population risk (Bohman et al., 1982). This fact
alone argues against misguided views of genetic determinism of behavior that is
not amenable to environmental intervention.

The initial results were strikingly negative for any genetic effects on crime:
12.5 percent of the male adoptees with a criminal biological father themselves
had a criminal record, compared to 12 percent of the male adoptees whose
biological fathers did not have criminal records. Respective prevalences for the
adoptees with and without criminal mothers were 12.6 and 12.4 percent. Base
rates for criminal conviction among females were too low to permit meaningful
analysis.

More detailed analyses on 76 percent of this adoptive sample were
reported by Bohman et al. (1982), Cloninger et al. (1982), and Sigvardsson et
al. (1982). (The reduction in sample size was due to deletion of adoptees with
incomplete information, late placement, or intrafamilial adoption.) For male
adoptees, there was a
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nonsignificant correlation between adoptee conviction and biological parent
conviction—13.2 percent of 258 male adoptees with either a convicted father or
a convicted mother were themselves convicted, compared to 10.4 percent of
604 adoptees whose biological parents had not been convicted (χ2

1 = 1.37, p =
NS). Analogous figures for female adoptees were not reported.

Suspecting heterogeneity for criminality, Bohman et al. (1982) conducted
a series of discriminant analyses aimed at distinguishing subgroups of male
adoptees. The final classification suggested that alcohol abuse moderated the
genetic relationship to criminality. Criminal male adoptees who were also
registered for alcohol abuse tended to have committed a larger number of
offenses, were more likely to have been convicted of a violent offense, received
longer jail sentences, but were less often registered for property crimes than
male adoptees registered only for criminality. Moreover, biological parental
variables also distinguished the male adoptee subgroups. Most important here
are the findings that violent paternal offenses predicted offspring alcohol abuse
better than they predicted offspring criminality and that adoptees registered for
criminality but not for alcohol abuse tended to have fathers registered for
property crimes and fraud. On the environmental side, male adoptees with
criminality only were distinguished by late placement in adoptive homes, the
number of placements, and a longer duration spent with the biological mother
relative to other adoptee groups.

Others (Walters and White, 1989) have criticized this study for not
reporting and controlling for the number of statistical tests, but the original
investigators did partly replicate the discriminant function results on female
adoptees (Sigvardsson et al., 1982). Of greater concern is what the results mean.

The inability to uncover statistically significant findings on criminality per
se is a clear failure to replicate the results in neighboring Denmark. Perhaps this
is due to differences in registration practices between the two countries. Was
there a tendency in Sweden to report instances of joint alcohol abuse and illegal
activity to the temperance board, and not to the police, with perhaps the reverse
tendency in Denmark? A second possibility is that the selection of adoptive
households in Sweden was so extreme that it overcame potential genetic
liability for crime or violence. The pattern might occur if the relationship
among genotype, family environment, and crime were nonlinear or if there were
strong interaction between genotype and family environment. The pattern of
cross-fostering risk in the Stockholm
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sample was consistent with gene-environment interaction, although the
interaction term is not significant (Cloninger et al., 1982).

At the same time, the Swedish results demonstrate that the genetics of
violence cannot be divorced from the study of alcohol abuse (and, in U.S.
society today, probably other substance abuse as well). There may be important
genetic differences among individuals who commit serious offenses as a
function of liability toward alcohol and drug abuse.

Iowa Adoption Studies: Crowe

By checking penal institution records in Iowa, Crowe (1972) identified 41
female offenders (90% of whom were felons) who gave up a total of 52 children
for adoption. A consecutive series of control adoptees was identified through
state records and matched on age, sex, race, and approximate time of adoption.
At an average age of 25 (range from 15 through 45), the adoptees were traced
through Iowa arrest records. The adopted offspring of the female felons were
more likely to have had an arrest record (15%) and conviction (14%) than the
control adoptees (4% and 2%, respectively). Five of the 52 probands were
incarcerated in Iowa for an offense, compared to none of the controls (Crowe,
1972). Personal follow-up on 70 percent of the sample revealed that 13 percent
of probands met diagnostic criteria for antisocial personality, whereas only one
control (2%) was diagnosed as a probable antisocial personality (Crowe, 1974).
Several placement variables (age at placement and length of time in temporary
care before adoption) predicted antisocial outcomes.

Iowa Adoption Studies: Cadoret

Cadoret continued his previous line of adoption research by identifying a
series of adopted children from Iowa adoption records whose biological parents
had some recorded psychopathology. (This sample did not overlap with that of
Crowe.) A second, matched group of adoptees whose record data did not
mention psychopathology in the biological parents served as controls. Both
groups were personally followed up between the ages of 10 and 37. Sample
attrition was high among the adoptive families—more than 30 percent of those
contacted refused to participate (Cadoret, 1978).

Sample sizes became small when adoptees were grouped by age and by
diagnosis of biological parents—only nine male and three female adult adoptees
had a biological parent with a diagnosis
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of antisocial personality—so most analyses were performed on counts of
antisocial symptoms (e.g., lying, truancy, trouble with the law) in the adoptees.
Both an antisocial and an alcoholic biologic background predicted the number
of antisocial symptoms, although the significance levels of the prediction varied
slightly from publication to publication (Cadoret, 1978; Cadoret and Cain,
1980; Cadoret et al., 1983, 1985, 1986). Later publications stress the
independence between genetic liability to antisocial personality and alcohol
abuse (Cadoret et al., 1985).

On the environmental side, discontinuous mothering of adoptees, adoptive
parent psychopathology, and divorce or separation in the adoptive family
predicted antisocial outcomes. Male adoptees appeared more likely than
females to have high antisocial behavior counts in the presence of these adverse
environments (Cadoret and Cain, 1980). Recently, substance abuse in the
adoptees could be predicted from biologic parents' antisocial behavior and
alcohol abuse (Cadoret et al., 1986).

Since this review was completed, the preliminary reports in three different
samples of twins have also pointed to heritability for antisocial behavior. The
first sample was a small series in which twins were ascertained in a psychiatric
setting and demonstrated both heritability of symptoms of antisocial personality
disorder and important genetic correlations between antisocial behavior and
alcohol and substance abuse (Carey, 1993; Miles and Carey, 1993). The second
sample was a population-based twin sample of children and adolescents and
suggested modest heritability for a classification of symptoms of conduct
disorder (Eaves et al., 1993). The final sample consisted of male Vietnam-era
armed services veteran twins. Analysis of symptoms of antisocial personality
disorder suggested moderate heritability for adult symptoms with a stronger
influence of common environment for adolescent symptoms (Lyons et al., 1994).

VIOLENCE AND HUMAN GENETICS

Only three modern samples permit meaningful analyses of violent
offenders—the Danish adoption sample, the Stockholm adoption sample, and
the Danish twins. Table 6 presents a summary of their findings. In the Danish
adoption study, the only publicly reported data are the proportions of male
adoptees who participated in a violent offense as a function of the number of
criminal convictions in their biological parents (Mednick et al., 1983, 1984,
1988). Mednick et al. (1983) also cite other analyses (e.g., violent
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crimes in parents and in adoptees) that did not uncover a significant
relationship, but no data are presented.
TABLE 6 Results of Modern Genetic Studies of Violent Offenders

Sample Variables Results
Danish adoptees Number of court

convictions of biological
parents with percent of male
adoptees who committed a
crime of violence

Very slight but insignificant
trend toward increased
participation rates in violent
offenses among male
adoptees as a function of
number of biological
parental convictions.

Stockholm adoptees Presence of one or more
violent crimes in biological
fathers, with criminal
registration and alcohol
abuse registration in their
male adoptive offspring

Insignificant, slightly
negative relationship
between biological father's
violent offense and adoptive
son's registration for crime;
positive and significant
relationship for son's
registration for alcohol
abuse.

Danish twins Concordance for crimes
against person, irrespective
of other offenses, in MZ
and DZ males

Both MZ and DZ
concordance and
correlations for crimes
against person are greater
than 0; MZ correlation is
greater than DZ correlation
(.77 versus .52), but
difference is not significant

From Bohman et al. (1982:Table 5), it is possible to reconstruct
contingency tables relating the probability that biological fathers registered for
at least one violent offense will have an adopted son registered for crime or
alcohol abuse. (The investigators did not publish data on violent offenses in
offspring). The association between paternal violence and adoptee's criminal
registration in the Stockholm adoption study is slightly negative—7.9 percent of
the adopted sons of biological fathers registered for a violent crime are criminal,
compared to 10.6 percent of the sons of fathers who were not registered for a
violent offense. This negative relationship also appeared for women
(Sigvardsson et al., 1982:Table 4).

Paternal violence, however, relates significantly to sons' but not daughters'
registration for alcohol abuse. Given a biological father registered for a violent
offense, 24.7 percent of the sons exhibited alcohol abuse; if the biological father
did not have a
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violent offense on record, 16.6 percent of the sons were registered for alcohol
problems (χ2 = 4.145, p < .05, tetrachoric r = .145).

Finally, Cloninger and Gottesman (1987) analyzed the male MZ and same-
sexed male DZ Danish twin series by crimes against persons, a category
previously defined by Christiansen to include crimes of violence and sexual
offenses. In contrast to the adoption studies, the twin data demonstrate a strong
familial effect for these crimes. Concordances for the 24 MZ and 39 DZ
probands were, respectively, 41.7 and 20.5 percent, compared to respective base
rates of 3.3 and 2.8 percent among the two types of twins. The tetrachoric
correlations for both zygosities are significantly greater than 0.0: rMZ = .77
± .11 and rDZ = .52 ± .10. Although they suggest a genetic effect, a likelihood
ratio test for heritability is not significant (χ2

1 = 1.775, .20 < p < .10).
Major limitations of all three studies are the reliance on official records

and insufficient detail in any of the studies to assess the magnitude of the
correlation between recorded crimes and violent acts as defined by the panel.
For example, would a significant proportion of crimes that involved an assault
be registered under a Scandinavian equivalent of disturbing the peace?
Inaccuracies of classification would make it difficult to uncover heritable
effects and could be used to explain the adoption results. If violence had the
same approximate biological father adopted offspring correlation as property
crime (about .15 judging from Baker et al., 1989) and the base rates for violence
range from about 6 to 10 percent among biological fathers (Mednick et al.,
1983) and 2 to 5 percent among their adopted sons, then the Danish sample has
between .55 and .82 power to detect an effect at the .05 level. On the other
hand, if inaccuracy in classification lowers the correlation to .10, power is
diminished to .25–.45. The fact that twin concordance is significant ensures that
the record classification is not totally unreliable but at the same time does not
permit actual quantification of reliability.

Together the data do not suggest a strong role for heredity in violence. On
the one hand, the positive correlation between violence in biological parents and
alcohol abuse in adopted sons and the trend of the twin correlations suggest a
genetic effect. On the other hand, the failure in both adoption studies to detect a
significant relationship between violent offending and other indices of crime in
separated relatives is evidence that any putative genetic factor is weak.
Whatever the case for genetics, the strong correlations in MZ and DZ twins
suggest that family factors shared by siblings would be a profitable avenue for
future research.
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Summary and Critical Overview of the Results

1.  There is a trend in most studies, albeit not always a statistically 
significant one, consistent with the hypothesis of a genetic effect on
adult and perhaps adolescent antisocial behavior. The consistency of
the literature is not to be confused with generalizability of the results to
contemporary violence in the United States. The latter issue is
discussed in point 10.

2.  The genetics of antisocial behavior do not fit a simple model. Here, a
central comparison involves the estimates of heritability from the
Danish twin and adoption studies, given that sample sizes are large and
that cross-national variations in definitions of crime and its registration
are minimized. By using tetrachoric correlations, the twin data suggest
a heritability of around 55 percent. Correlations from the Danish
adoption data (Baker et al., 1989) suggest heritabilities about one-half
this amount. On a simple additive genetic model, both estimates should
be similar. The joint effects of marital assortment, temporal trends over
time, nonadditive genetic variance, special twin effects, etc., must be
considered in studying the genetics of antisocial behavior.

3.  There is reason to question the application of simple genetic models to
the traditional twin design in studying the genetics of adult antisocial
behavior. Both the Danish and the Norwegian twin series provide
evidence of imitation, collusion, or reciprocal interaction between
twins, especially MZ twins, for criminal participation. Rowe (1985)
also reported that adolescent twins often engage in delinquent acts
together. Although collusion might invalidate the assumptions of the
traditional twin design, the application of statistical models that
include imitation effects (Carey, 1986; Eaves, 1976) or direct
measurement of potential interactive effects (e.g., the analyses
performed by Rowe, 1985) might illuminate important sources of
sibling similarity that cannot be isolated without the genetic
information provided by twins. Along these lines, data from single-
offspring families and data expressed as a function of sibship
constellations must complement the twin data (see Carey, 1986; Eaves,
1976).

4.  The adoption studies have consistently reported a correlation between
adoptee antisocial behavior and some variable intervening between
birth and final placement in the adoptive home. Some preplacement
variable has predicted adoptee antisocial behavior in the Crowe,
Cadoret, Danish, and two Swedish adoption studies. The relevant
construct, however, eludes identification because the same variable
(e.g., number of placements
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versus disruptive mothering) has not been replicated across studies or
within genders of a single study (e.g., compare Bohman et al., 1982,
with Sigvardsson et al., 1982).

5.  Evidence for a genetic effect specific to offenses involving physical 
aggression is weak. Part of the problem is that the relatively low base
rate for violent offenses such as murder, assault, and rape requires
samples much larger than those already gathered to give meaningful
and replicable results. What is clear is that genetic liability toward
participation in criminal activity is not due exclusively to liability
toward physical aggression; otherwise, one would find little heritability
of liability for crime per se but rather a tendency for violent crime to
aggregate in twins and biological relatives of violent adoptees.

6.  The available evidence is inconsistent with a major polymorphism on
the Y chromosome associated with antisocial behavior. a major
polymorphic gene on the Y chromosome could theoretically explain
some of the large gender differences in criminal participation and also
some of the heritable individual differences within males. Although the
Y chromosome appears to contribute to aggressive behavior in the
mouse (Maxson et al., 1989), a similar polymorphism in humans
would predict greater father-son than father-daughter or mother-son
resemblance. The tetrachoric correlations for the Danish adoption
study (see Baker et al., 1989) do not show this pattern.

7.  The selection of adoptive families may make it difficult, in adoption 
study designs, to generalize about the effects of family environment 
that are relevant for criminal participation of offspring. Registered
criminality among adoptive parents was non-existent in the Swedish
adoption study; antisocial behavior was rare among the adoptive
parents in Cadoret's study; and a five-year period free of criminal
registration was a requirement for adoptive families in Denmark.
These findings are consistent with some selection against prospective
adoptive parents with a criminal record and raise the possibility that
adoptive homes are non-representative with respect to family
environmental factors that contribute to offspring antisocial liability.
Under these circumstances, it would be unwise to attribute the lack of
adoptive parent-offspring correlation for criminality to an absence of
vertical environmental transmission. The study of unselected, intact
nuclear families in concert with the biological and adoptive families
would provide important information about vertical transmission, but
such control families have not been utilized in most adoption research.

GENETICS AND VIOLENCE 43

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


8.  There is evidence for a genetic association between antisocial 
behavior and alcohol abuse and possibly other substance abuse. The
Danish adoption and twin studies did not analyze substance abuse, and
the Norwegian twin study, although it gathered ered data on alcohol
use, did not report analyses of its association with criminality in twins.
Crowe reported no excess of alcohol abuse among the adopted
offspring of female felons. The Swedish study reports a genetic
association between biological paternal violence and adoptee alcohol
abuse, and the investigators suggested genetic heterogeneity—the joint
occurrence of criminality and alcohol abuse may have a different
genetic liability than that of criminality alone. The association in
Cadoret's series varies slightly with the type of data analysis, but points
in directions similar to those of the Stockholm study. There is also a
strong suspicion that alcohol abuse is itself genetically heterogeneous,
with one meaningful subgroup related to antisocial personality
(Cloninger, 1987).

9.  There is a strong tendency, especially in the area of juvenile antisocial
behavior, to implicate some correlate of home environment as an
etiological component in antisocial behavior. Analyses of four
different samples—Cadoret et al. (1975), Cadoret (1978), Crowe
(1972) as analyzed by Cadoret et al. (1983), and Bohman (1971)—
reveal significant findings in this area. The base rate for criminality in
the adult Stockholm adoptees is also congruent with the hypothesis
that adoption neutralized genetic liability. Although the expanded
Danish sample did not reveal a significant correlation with adoptive
parent criminality, urban environment predicted adoptee crime
independent of biological background (Gabreilli and Mednick, 1984).

10.  It is difficult to integrate the genetic literature on antisocial behavior
into contemporary criminological research on violence. There are two
major reasons for this. The first is extrapolation over space and time;
the second is extrapolation over measures of violence. A considerable
amount of current research in the United States targets high-crime
areas, usually urban, and uses survey instruments. There is no sample
in the genetic literature that can readily extrapolate to an urban U.S.
population studied with survey instruments.

With regard to extrapolation over time and over cultures, it must be
recalled that heritability is a function of the amount of environmental variability
for a trait. As environmental variance decreases, heritability increases, and as
environmental variance increases, heritability decreases. It is theoretically
possible that
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increased rates of violence associated with drug abuse, for example, might
reduce the magnitude of a genetic effect on antisocial behavior or even change
the nature of that effect (e.g., loci that contribute to the reinforcing effects of
cocaine may become more important). The larger samples in the genetic
literature are Scandinavian. One could argue that their relative cultural and
socioeconomic homogeneity would provide a ripe medium for maximizing
genetic effects. In addition, the Scandinavian samples involve cohorts that went
through the major portion of risk for initial antisocial behavior before the
upsurge of drug use in the 1960s and 1970s. (All the Danish twins went through
their risk period before World War II.)

Another limitation of the large Scandinavian studies is the exclusive
reliance on official records for defining phenotypes such as criminality and
violence. Although ethics may preclude personal contact with retrospectively
identified adoptive families, field research that compares classification via
official records with classification using contemporary survey instruments
would increase the interpretability of the Scandinavian results. If such research
has already been conducted, the results have not been integrated into the
primary reports on the adoptees and twins.

The results of the smaller U.S. studies, especially Crowe's, are very
consistent with the Scandinavian research. In two of the studies, Cadoret's and
Rowe's, the phenotypes include counts of adolescent antisocial behaviors that
include many peccadillos (e.g., lying, truancy) when compared to an adult court
conviction (used in the Danish study). Taken at face value, the Rowe and
Cadoret results suggest heritability of ''mild" antisocial behavior. If there were
cross-national generalization of these results, one would expect the
Scandinavian material to show a similar pattern. Arrests have apparently been
recorded in the Danish study (see Mednick et al., 1988) but have not been
subjected to genetic analysis. Also, two of the U.S. samples were conducted in
Iowa, and the third noted few respondents from inner-city areas (Rowe, 1983).

Can we extrapolate these results to major U.S. metropolitan areas? In the
primary genetic literature, there is no attempt on the part of the authors to
provide information congruent or discrepant with such extrapolation. Hence,
there is no positive evidence to permit this generalization, but at the same time,
there is no direct negative evidence against the induction. So, given the
consistency of the genetic literature, it is perhaps best to conclude that it would
be unwise to overlook the possibility of a genetic contribution to individual
differences in antisocial behavior in contemporary criminological research.
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PROSPECTS FOR FUTURE HUMAN GENETIC
RESEARCH

1.  Given the difficulty and expense—and the great importance—of
collecting data on twins and adoptees, criminology would immediately
benefit from more extensive and more standardized description and
data analysis of existing samples. For example, it is curious that a
significant genetic effect is reported for court convictions (irrespective
of alcohol abuse) in Denmark but not in a similar age cohort in
Sweden. Tetrachoric correlations have been reported separately for
males and females in the Danish adoptee sample but not for the
Stockholm sample. Complete cross-tabulations for violent crime in the
Danish sample have not been reported. One inexpensive way to
address these problems is to fund a meeting of the original
investigators to present preplanned standardized analyses and deal with
issues of replicability. Such a meeting could also lead to heuristic
hypotheses about the nature of adoption preplacement effects, cross-
cultural extrapolation of results, etc.

2.  Although the issue of specialization in crime has not been fully
clarified, pedigree studies of well-defined, homogeneous groups of
offenders should be encouraged. There are very few direct family data
on such important phenotypes as pedophiles and repetitive rapists.

3.  Although future research might isolate one or more genetic syndromes
associated with violence, polygenic influences on a number of
different personality, cognitive, and psychopathological traits may be
the major source of genetic predisposition to antisocial behavior.
Future large-scale, epidemiological research with genetically
informative samples should concentrate less on demonstrating the fact
of a genetic diathesis and more on uncovering the sources of familial
liability, both genetic and environmental. Consequently, data must be
gathered to permit multivariate analysis involving, on the one hand,
antisocial behavior and, on the other hand, personality factors such as
impulsivity and sensation seeking, cognitive variables such as risk
perception, and psychopathology, especially alcohol and drug abuse.

4.  Identification of a personality trait or even a genetic locus that
contributes to antisocial liability would be a major contribution to pure
science, but it is not clear that such a discovery would have immediate
practical applications for prevention and intervention. If genetic
diathesis is multifactorial, then any single factor will be only a weak
predictor. In addition, questions of genetic engineering of antisocial
behavior are more appropriate
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for science fiction than for contemporary science. This raises
quandaries about the best direction of future genetic research. Is it
better to study the genetics per se of antisocial behavior, or is it
preferable to utilize genetics as a control variable so that less equivocal
statements can be made about environmental factors? In the area of a
child's cognitive growth, several variables hypothesized to be
important environmental contributors (e.g., parental educational level)
may be more genetic than environmental in origin (Plomin et al.,
1985). Although there is an established correlation between several
parental traits (e.g., inadequate supervision of offspring) and a child's
antisocial behavior, the nature of these correlations is unclear. To what
extent is inadequate parenting an environmental contributor to
delinquency, and to what extent is it symptomatic of a genetically
influenced diathesis that is transmitted to the child? The judicious use
of research designs that control for genetics will better elucidate the
environmental factors amenable to intervention than will other
nonexperimental strategies.

5.  The findings on adverse home environment and points 3 and 4 above,
indicate that a critical—and unstudied—population is the unrelated
sibship residing in the same home. Judging from family distributions
in the Texas Adoption Project and the Colorado Adoption Project, a
significant proportion of adoptive parents either adopt two children or
have a natural child of their own. Although considerable effort would
be needed to identify a large number of these sibships, such a study
should be feasible and results would permit strong inference about
environmental etiology.

SOCIOBIOLOGY, EVOLUTIONARY THEORY, AND
VIOLENCE

The behavioral genetic approach presented above seeks to identify sources
of individual differences. Compared to other areas of social science research, it
is strongly empirical but atheoretical. A different perspective on genetics and
human antisocial behavior is offered by some ethological and sociobiological
research that begins with strong theoretical assumptions and examines how well
empirical data agree with the predictions from theory.

Several attempts (e.g., Ellis, 1987) have been made to explain the diverse
correlates of human antisocial behavior in terms of individual differences in
reproductive strategies, notably the r/K types systematized as a heuristic for
categorizing between-species
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differences. The r-strategy is associated with relative ecological instability and
tends to promote such qualities as small body size, rapid sexual maturation,
short life span, and profligate reproduction. The K-strategy is associated with
environmental stability and gives advantage to large body size, delayed
maturation with parental care, longevity, and economical reproduction. By
extrapolating the r/K between-species distinction to a continuum of within-
species variability, human aggression is viewed as part of the r end and law
abidingness as part of the K end of the dimension.

A second research thrust has been the study of familial homicide by Daly
and Wilson (1988a,b). Based largely on the concept of inclusive fitness, they
predict that homicide (and presumably other aggression) should vary inversely
with the degree of genetic relatedness of assailant and victim and with the
reproductive capacity of the victim.

This present round of sociobiological/evolutionary research is more
empirical than many previous attempts to extrapolate from other species to
human behavior. The research is also relatively new, so a large body of well-
controlled studies has yet to be developed to permit assessment of the
predictions. For example, Daly and Wilson present Canadian homicide data
suggesting that filicide victimization is considerably greater for infants who
have yet to reach their first birthday than for older children. To what extent is
this due to inhibition because of the reproductive and temporal investment
already made in an older child, to what extent is it a consequence of maternal
postpartum psychoses, and to what extent is it due to the physical vulnerability
of the young infant to a punitive blow that might injure but not kill an older
child?

For theories about the r/K-strategies, the relevant multivariate data that
would permit one to assess the proportion of variance in violent criminal
participation attributable to the latent r/K-variable have not been reported.
Presumably, individual differences in these strategies have some heritable
component. The requisite twin or adoption data must be gathered and subjected
to multivariate analysis.

GENETICS, RACE, AND VIOLENCE

Racial differences in arrests, homicides, etc., have sometimes been
interpreted in terms of mean genetic differences among human groups
(Rushton, 1988a,b). From a genetic perspective, race differences fall into the
general category of group differences. There
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are two distinct questions that may be asked about genetics and violence in
different groups. First, is the heritability of violence large within each group?
Within-group heritabilities may be derived through adoption or twin studies of
each group. Second, to what extent are differences in violence between groups
due to the genetic differences between them? This question addresses between-
group heritability.

Empirical data suggest the possibility of important within-group
heritability in European populations and some American populations of
European ancestry. There are no comparable twin or adoption data to document
within-group heritability among American minorities.

Even in the presence of such data, it would be incorrect to infer that
genetic differences contribute to differences between groups. Within-group
heritabilities are insufficient to predict the extent to which mean group
differences are genetic (DeFries, 1972; Loehlin et al., 1975). For example, the
demonstration of within-group heritability among Danes and among Iowa
whites does not imply that differences in crime rates between Denmark and
Iowa are due to gene pool variance. Differences in prevalence and incidence of
violence between Northern and Southern Ireland might be explained more
easily by social and political milieus than by DNA variation.

Wilson and Herrnstein (1985) consider it inconceivable that the rapid
historical changes in homicide could be accounted for by changes in allelic
frequencies. The two- to threefold increase in homicide rates that occurred
between the 1960s and 1970s (Zahn, 1989) is almost certainly due to
environmental factors, not all of which have been identified. Hence, it is
plausible that large mean group differences could be perpetuated by
environmental factors. Despite the fact that there are analytical models in
genetics that attempt to account for such types of environmental diffusion (e.g.,
Boyd and Richerson, 1984; Cavalli-Sforza and Feldman, 1981; Lumsdem and
Wilson, 1981), little is known about their empirical validity, let alone their
direct application to human violence. It is not clear that it would even be
possible to research the genetics of group differences in violence without first
identifying these mechanisms for environmental diffusion and their prevalence
and impact in different groups.

On the genetic side, it is also improbable that various human
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populations, reproductively isolated for millennia, will evolve genetic liabilities
equal to the last decimal place. What do we know about mean genetic
differences? Studies of red cell polymorphisms, proteins, and isozymes have
consistently shown considerably more variability within a race than between
races (Hartl, 1980; Nei, 1985; Nei and Roychoudhury, 1974, 1982). To put this
in different terms, the "average" U.S. Oriental, "average" U.S. black, and
"average'' U.S. white are genetically more similar to one another than three
randomly selected individuals within, say, the U.S. white population. Hence, if
these results can be extrapolated to a polygenic system contributing to liability
for violence, then the genetic effects on race differences in violence are
probably small and secondary to the genetic differences within races.

Faced with a literature equivocal on whether there is a significant genetic
effect on violence in Scandinavian samples, the absence of data on within-group
heritability for minorities, abrupt historical trends largely unexplainable by
genetic drift or natural selection, and molecular genetic evidence suggesting a
low between-to-within ratio of genetic group differences, one might conclude
that models attributing racial differences mostly to environmental factors have
more plausibility than those that explain them mostly in terms of genetics. At
the very least, there is no positive evidence to suggest that heritability plays an
important role in group differences in violence within the United States.
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The Neurobiology of Violence and
Aggression

Allan F. Mirsky and Allan Siegel
Over the past four decades, there has been an increasing body of data in

the human literature on neuropsychiatric disorders that raises the question about
a possible relationship between the abnormal function of specific regions of the
brain and the occurrence of violent and aggressive behavior. The view that
violence and aggression are human behaviors symptomatic of an underlying
brain disorder, rather than simply acts to be punished under law, is relatively
new. It is true that the distinction "between the harmful act that was traceable to
fault and that which occurred without fault" extends back to ancient Hebrew
law (American Bar Association, 1983:7–271). However, the scientific facts that
have been offered as the basis for what Monroe has referred to as "the episodic
dyscontrol syndrome" (Monroe, 1970) or other involuntary acts, are of
relatively recent origin. The region of the brain most often linked with this form
of behavioral dysfunction is referred to as the ''limbic system." Research on the
limbic system (Figure 1) identified an apparently unitary cerebral region or
limbic lobe (Broca, 1878) at the juncture of the forebrain and brain stem, which
Papez (1937) and MacLean (1952) later identified as

Allan F. Mirsky is at the Laboratory of Psychology and Psychopathology, National
Institutes of Health; and Allan Siegel is at the Department of Neurosciences, New Jersey
Medical School.
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FIGURE 1 Diagrammatic representation of the principal subcortical
connections of the limbic system viewed from the mesial surface of one
hemisphere. Important connections to the brain stem reticular formation have
been omitted, and others are only approximately represented. Some
abbreviations: A, anterior nucleus of thalamus; Ant., anterior; AMYG,
amydala; Int., intermediate; CM, center median; Sens., sensory; Occip.,
occipital; G., gyrus; Stria Ter., stria terminalis; St. Med., stria medullaris; MD,
medial dorsal nucleus of thalamus; O.B., olfactory bulb; Ling., lingual; Temp.,
temporal; Hypoth., hypothalamus; MM, mammillary bodies; Parolf.,
parolfactory; H., habenular nucleus. SOURCE: Penfield and Jasper (1954).

the cerebral substrate of emotional behavior. The work of Klüver and Bucy
(1939) and of Rosvold et al. (1954) is also relevant here. These researchers
demonstrated that monkeys surgically deprived of portions of their limbic
system had major changes in their social and affective behavior. These studies
had a significant impact on the thinking about the relation between cerebral
structures and/or systems and abnormal behavior, including a number of
neuropsychiatric disorders. In terms of its overall organization, the limbic
system includes the hippocampal formation, amygdala, septal area, cingulate
gyrus, and prefrontal cortex (according to some authors). Several other brain
structures have been considered
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part of this system because of their neural associations with limbic structures.
These include the hypothalamus and midbrain periaqueductal gray matter
(PAG). Collectively, these regions comprise a functional unit that is sometimes
referred to as the "limbic-hypothalamic-midbrain axis." The importance of this
research was that there was a brain system that could be implicated in
neuropsychiatric disorders, including those in which violence or aggressiveness
was a major symptom. This system could be a focus of research, both clinical
and laboratory based, and could provide the target or basis for new treatment
possibilities. Some of this research is reviewed in the section of this paper on
human studies of aggression and violence.

In 1974, one of the authors reviewed the literature on the relationship
between aggressive behavior and brain disease, and concluded that the available
evidence did not support the view that aggressive behavior in humans could be
attributed to brain disease (Mirsky and Harman, 1974). The question arises as to
whether, in the ensuing 16 years since that paper was written, sufficient
additional data have been gathered to alter that conclusion. Recent studies
related to that question are also reviewed below.

In view of the putative relationship between brain dysfunction and
aggressive behavior, it is the purpose of this paper to summarize briefly the
neural mechanisms of aggressive behavior as discovered from animal models,
and to review human studies on the relationships among brain dysfunction,
neuropsychiatric disorders (including abnormal development), cognitive
processes, and the symptoms of violence and aggression. The section that deals
with animal models focuses on two behaviors that can be readily elicited in the
cat: quiet biting "predatory" attack and affective defense. It is our belief that the
neural substrates and mechanisms underlying these distinctive forms of
aggressive behavior in the cat may also regulate aggressive reactions at the
human level or, possibly, provide a framework for understanding human
violence and aggression.

In the thesis advocated here, an analogy can be made between the
relationship of the limbic system to the hypothalamus and midbrain PAG and
that of the motor cortex and reticulospinal fibers to the spinal cord concerning
the modulation of "emotional" and "motor" systems, respectively. With respect
to motor systems, the final common output pathways for the expression of
motor responses such as fine movements of the extremities or walking
movements are governed by the activity of cells located
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in the gray matter of the ventral horn of the spinal cord. In contrast, descending
neurons from the reticular formation and motor systems of the cerebral cortex
that synapse upon the neurons of the ventral horn serve to modulate their
activity and program the sequence of their neuronal discharge patterns,
respectively. In a similar manner, the hypothalamus and midbrain PAG
constitute the integrating mechanisms whose outputs serve as the "final
common pathway" for the expression of aggressive forms of behavior. We
propose that the limbic system thus serves the critically important function of
modulating the activity of neurons in the hypothalamus and PAG and of
programming the sequence of neuronal discharge patterns within these
structures. We illustrate this in the examples of research cited below.

ANIMAL MODELS OF AGGRESSION

FELINE MODELS OF AGGRESSIVE BEHAVIOR
ELICITED BY BRAIN STIMULATION

Our focus is on two models of aggression that can be elicited by electrical
or chemical stimulation of the hypothalamus and midbrain periaqueductal gray
matter in the cat—quiet biting "predatory" attack behavior and effective defense
behavior. Affective defense behavior may be classified as having aversive
properties (such as those associated with fear), whereas predatory attack is
associated with more positively reinforcing objectives such as the acquisition of
food. The study of these two forms of aggression in the cat may thus provide a
more complete picture of the neural substrates of aggression than either model
studied alone; moreover, research in the cat has been very systematic and has
certain elegant qualities.

Quiet biting attack is predatory in nature and is characterized by stalking of
the prey object (usually an anesthetized rat), which is then followed by biting of
the back of its neck. The cat may also strike the rat with its forepaw (Flynn et
al., 1970; Wasman and Flynn, 1962). This behavior occurs under natural
conditions, and includes capturing and killing of a rat or a mouse in the open
field (Leyhausen, 1979). In the laboratory, predatory attack behavior can be
elicited by electrical stimulation along a region beginning from the rostrolateral
and perifornical hypothalamus (Wasman and Flynn, 1962; Siegel and Pott,
1988) and extending caudally through the ventral aspect of the midbrain
(Bandler and Flynn, 1972) and ventral aspect of the midbrain PAG (Bandler,
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1984; Siegel and Pott, 1988) to the lateral tegmental fields of the pons
(Berntson, 1973).

Affective defense behavior was originally described by Hess and Brugger
(1943). This form of attack behavior, in contract with predatory attack, is
associated with noticeable affective signs such as piloerection, retraction of the
ears, arching of the back, marked pupillary dilatation, vocalization, and
unsheathing of the claws. This response can also be evoked under natural
environmental conditions. Examples include the affective defense reactions that
occur when a cat's territory is invaded by another animal, when a threatening
stimulus is introduced into the cat's environment, or when a female cat
perceives that its kittens are threatened by another animal. Furthermore,
electrical or chemical stimulation applied at the appropriate forebrain or brain
stem sites in a cat will elicit affective defense responses with its forepaw that
are directed at a moving object such as an awake rat, cat, or experimenter.
Although predatory attack requires the presence of a prey object for an attack
response to occur, affective defense can be elicited in an impoverished
environment.

It should be noted that affective defense behavior is explosive in nature,
oftentimes directed at conspecifics; produces a powerful sympathoadrenal
response; and thus may share common features with violent "episodic
dyscontrol" behavior in the human. Affective defense reactions are generally
elicited from sites located throughout the rostrocaudal extent of the medial
preoptico-hypothalamus and dorsal aspect of the PAG (Wasman and Flynn,
1962; Fuchs et al., 1985a,b; Shaikh et al., 1987; Siegel and Pott, 1988).

ORGANIZATION AND CONTROL OF AGGRESSIVE
BEHAVIOR IN THE CAT

A number of basic research problems have been considered over the past
several decades with respect to affective defense behavior and predatory attack
in the cat. Due mainly to the pioneering efforts of John Flynn, a number of the
basic properties associated with predatory attack have been clearly delineated.
For example, one class of studies has provided an analysis of how selective
components of the central nervous system linked to the expression of quiet
biting attack interact with sensory stimuli to facilitate the occurrence of this
response (MacDonnell and Flynn, 1966a,b; Bandler and Flynn, 1972). Another
set of studies was directed at identifying the mechanisms that regulate motor
control of the attack response. Such studies helped to produce a
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better understanding of how the motor cortex and trigeminal system regulate
such responses as paw striking and jaw closure (Edwards and Flynn, 1972;
MacDonnell and Fessock, 1972).

In this paper, we have chosen to summarize or provide references to
information that we believe is critical to understanding the neural bases of
aggressive behavior as studied in the cat. This includes (1) the anatomic
substrates and pathways that underlie the expression and control of each of
these forms of attack behavior; (2) the regions along the limbic-midbrain axis
that serve to enhance or diminish the likelihood of these responses; this
encompasses, as well, the effects of temporal lobe seizures on attack behavior;
and (3) the role of the opioid peptide system in the regulation of affective
defense behavior.

It should be noted that the structures of the limbic-hypothalamic-PAG axis
would appear to constitute the neural substrates for the motivational properties
of the response mechanism. In contrast, the outputs of the hypothalamus and
PAG to lower brain stem neurons appear to constitute the initial neurons in a
system of pathways that descend to the spinal cord or that make synapse with
lower motor neurons of the brain stem. This system of fibers, therefore, may
comprise part of the motor components of the behavioral response. A second
level of motor function may arise from the cerebral cortex. In this context,
Flynn et al. (1970) postulated a "patterning mechanism" in which it was
hypothesized that sensory and motor regions of the cerebral cortex receive
inputs from hypothalamic cell groups linked to the attack response. In turn, the
pattern of neuronal responses evoked in the cerebral cortex thus results in a set
of output signals to motor and autonomic regions of the lower brain stem and
spinal cord that constitute a coordinated attack response.

THE ANATOMY OF AGGRESSIVE BEHAVIOR

PREDATORY ATTACK

Afferent Connections

Predatory attack can be elicited from a variety of regions throughout the
forebrain and brain stem, an area that extends from the anterior hypothalamus
through the midbrain PAG to the level of the pontine tegmentum (see Figures
2A and 2B).

Concerning the hypothalamic sites from which predatory attack can be
elicited, Smith and Flynn (1980a) identified cells in a
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number of regions that are known or believed to modulate this response.
Several of these key structures include the midbrain PAG, locus coeruleus,
substantia innominata, bed nucleus of the stria terminalis (BNST), and central
nucleus of the amygdala. Other afferent sources of the lateral hypothalamus
include the lateral septal nucleus, diagonal band of Broca (Brutus et al., 1984;
Krayniak et al., 1980), and midline thalamus (Siegel et al., 1973). A more
detailed discussion of the anatomic pathways from limbic nuclei that modulate
the attack response is presented below in the section "Limbic-Midbrain
Modulation of Aggressive Behavior in the Cat."

FIGURE 2A Distribution of regional sites within the preoptico-hypothalamus
from which affective defense (stippled area), quiet biting attack (striped area),
and flight behavior (dark area) can be elicited most frequently by electrical
stimulation. Data for this figure and for Figure 2B are based on experiments
conducted in the laboratory of Allan Siegel. Number in upper left-hand corner
of figure indicates the frontal plane of the section. Abbreviations: AH, anterior
hypothalamus; F, fornix; IC, internal capsule; LH, lateral hypothalamus; MB,
mammillary bodies; OC, optic chaism; OT, optic tract; RE, nucleus reuniens;
VM, ventromedial nucleus.

The other major sites from which predatory attack can be elicited include
the following brain stem regions: the midbrain PAG, ventral tegmental area,
and pontine tegmentum. A major
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FIGURE 2B Distribution of regional sites within the midbrain periaqueductal
gray matter from which affective defense (stippled area), quiet biting attack
(striped area), and light (dark area) can be elicited most frequently by electrical
stimulation. Number on the left side of each figure indicates the frontal plane
of the section. Note that flight and affective defense sites are generally situated
dorsal to those sites from which quiet biting attack is elicited. A recent study
by Bandler (1984), however, has suggested that affective defense reactions
characterized by howling and growling can also be elicited from ventral
portions of the periaqueductal gray, especially when stimulation is applied at
caudal aspects of this structure. SOURCE: Siegel and Pott (1988).
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input to the PAG arises from predatory attack sites in the perifornical
lateral hypothalamus (Chi and Flynn, 1971; Fuchs et al., 1981).

With respect to the ventral tegmental area, the major projections to this
structure arise from the gyrus proreus (prefrontal cortex) and perifornical
hypothalamus. The key role of the ventral tegmental area in predatory attack is
supported by the studies of Bandler and Flynn (1972), Proshansky et al. (1974),
and Goldstein and Siegel (1980).

The precise sites at which attack was obtained included mainly the
parabrachial region of the tegmentum. Structures that may influence pontine
control of predatory attack include the perifornical lateral hypothalamus, PAG,
BNST, and central and lateral nuclei of the amygdala (Smith and Flynn, 1979).

Efferent Connections

In an early study, Chi and Flynn (1971) placed lesions at sites in the lateral
hypothalamus from which predatory attack was elicited. The procedures
enabled these investigators to trace the course of the degenerating axons from
the lesion site. The results demonstrated both ascending and descending
projections from lateral hypothalamic attack sites. Ascending projections were
noted to pass through the preoptic zone into the diagonal band of Broca and
septal area, regions known to modulate the attack response. Descending
projections could be followed through the hypothalamus into the midbrain
ventral tegmental area and PAG.

More recently, Fuchs et al. (1981) examined the projection system from
lateral hypothalamic attack sites. The anteriorly directed projections from the
attack sites were similar to those described by Chi and Flynn (1971). Fibers
were traced through the anterior hypothalamus to the preoptic region, diagonal
band of Broca, and lateral septal area. The significance of these projections
remains unknown, but these fibers may constitute part of a "feedback" pathway
that serves to regulate how these limbic forebrain structures, in turn, control the
attack mechanism at the levels of the hypothalamus and brain stem. With regard
to the descending projections, fibers were followed caudally through the medial
forebrain bundle into the ventral tegmental area and PAG. Of particular interest
is the fact that fibers traced from attack sites in the perifornical region were also
observed to terminate in the locus coeruleus and motor nucleus of the trigeminal
complex as well as the tegmental fields of the pons (Figure 3).

The significance of the latter (trigeminal) projection is that it
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FIGURE 3 Diagram indicating the principal ascending and descending
projections of the perifornical lateral hypothalamus associated with quiet biting
attack behavior. Of particular interest and presumed importance are the
connections from the perifornical region to the periaqueductal gray, tegmental
fields, locus coeruleus, and the motor nucleus of the fifth nerve. SOURCE:
Siegel and Pott (1988).
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establishes the anatomic substrate by which jaw opening and jaw closing
are controlled by the perifornical hypothalamus for the biting component of the
attack response. Furthermore, the projection to the locus coeruleus provides the
possible substrate by which noradrenergic pools from this nucleus can be
activated to generate the arousal component of the attack response. Other
research (Shaikh et al., 1987) suggests that the predatory attack system at the
level of the PAG (see Figure 4) is organized along several possible plans: (1)
that the PAG serves as a feedback system to the perifornical hypothalamus from
which the primary integrated output to the lower brain stem is organized; and/or
(2) that the PAG serves as a feed-forward relay of the perifornical
hypothalamus, but does so through the use of short axons passing to the
tegmental fields. The precise function of such fibers remains unknown, but they
might comprise part of a multisynaptic pathway (presumably via reticulospinal
fibers) for the regulation of autonomic and somatic motor components of the
predatory attack response. The projection to the raphe nucleus, however, is
more likely to be associated with the modulation of the attack response. This
judgment is based on the fact that stimulation of the raphe nucleus has been
shown to suppress predatory attack (Shaikh et al., 1984) and that administration
of para-chlorophenylalanine (a monamine suppressor) can facilitate the
occurrence of this response (MacDonnell et al., 1971).

In this discussion, the likely anatomic substrates are described over which
the autonomic and several of the somatic motor components of the predatory
attack response are expressed. However, little has been said of the anatomic
substrates governing how the hypothalamus might regulate visual processes
central to the organization of the attack response. Research by Pott and
MacDonnell (1986) and by Ogren and Hendrickson (1976) provides
suggestions as to how this may be accomplished. The projection from the
posterior lateral hypothalamus to the pulvinar represents the initial limb in a
disynaptic pathway from the hypothalamus to the visual cortex that may be
essential for the integration of visual information as well as for controlling
visual pursuit movements during the attack sequence.

AFFECTIVE DEFENSE BEHAVIOR

Afferent Connections

As noted earlier in this chapter, the sites in the brain at which affective
defense reactions can be elicited have been identified
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FIGURE 4 Diagram indicating the principal ascending and descending
projections of the medial hypothalamus associated with affective defense
behavior. Of significance is the fact that fibers mediating this response arise
from the ventromedial nucleus and primarily project rostrally into the
anteromedial hypothalamus, medial preoptic region, and bed nucleus of the
stria terminalis. Note that the fibers that supply the midbrain periaqueductal
gray in association with affective defense arise primarily from the
anteromedial hypothalamus.
SOURCE: Siegel and Pott (1988).
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(Figures 2A and 2B) and include primarily the medial preoptico-
hypothalamus and dorsal aspect of the midbrain PAG.

The work of Smith and Flynn (1980b), Stoddard-Apter and MacDonnell
(1980), and Shaikh et al. (1987) suggests that the cell bodies of origin that
project to these regions lie within other areas of the hypothalamus, limbic areas
including the medial amygdala and medial septal nuclei, and the midbrain PAG
itself. Forebrain structures projecting to the relevant areas of the PAG (i.e., from
which affective defense could be elicited) include the lateral hypothalamus, and
the ventromedial, dorsomedial, and anterior hypothalamus (Bandler and
McColloch, 1984; Bandler et al., 1985). The anteromedial hypothalamus may
provide the most significant behaviorally relevant impact to the PAG (Fuchs et
al., 1985a).

Efferent Connections

Space limitations are such that we can only summarize the extensive work
on identification of the efferent connections from the structures involved in
affective defense. These are depicted in Figures 4 and 5. Included are the
anterior medial hypothalamus and the medial preoptic region; in addition, the
expression of the entire affective defense response involves the central
tegmental fields of the midbrain and pons, locus coeruleus, and motor and
sensory nuclei of the trigeminal complex (Fuchs et al., 1985b). This latter
pathway is probably important for the vocalization component of the affective
defense response, since its axons regulate the jaw-opening reflex. Research
continues on the description of this system.

LIMBIC-MIDBRAIN MODULATION OF AGGRESSIVE
BEHAVIOR IN THE CAT

As noted in the beginning of this chapter, it has long been recognized that
the limbic system plays a major role in the regulation of emotional behavior.
Such a view was originally derived front early theoretical papers of Papez
(1937) and MacLean (1949), and has been reinforced by more recent authors
such as Monroe (1978) who postulated the ''episodic dyscontrol" syndrome as a
consequence of limbic system dysfunction. In addition, other support comes
from clinical investigations that have identified a relationship between limbic
system disorders associated with either tumors or epilepsy of this region and
"episodic dyscontrol"-like behavior (Malamud, 1967; Bear and Fedio, 1977;
Falconer, 1973; Heimburger et al., 1978; Hood et al., 1983; Martinius, 1983;
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FIGURE 5 Diagrams indicating the principal efferent projections from
midbrain periaqueductal gray sites associated with affective defense (left side)
and quiet biting attack behavior (right side). Note that fibers associated with
affective defense, which arise from the periaqueductal gray, are distributed
rostrally to the medical preoptico-hypothalamus, from which this response can
also be elicited, and caudally to the locus ceruleus, tegmental fields, and
trigeminal complex. In contrast, the fibers associated with quiet biting attack
have a more limited distribution. Ascending fibers synapse within the posterior
lateral hypothalamus from which this response can also be elicited, while
descending fibers supply the central tegmental fields and median raphe.
SOURCE: Siegel and Pott (1988).
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McIntyre et al., 1976; Ounsted, 1969; Serafetinides, 1965). (Further
discussion of human studies on aggression and the implications of the results of
these studies to our understanding of underlying neural regulatory mechanisms
appears later in this chapter). On the basis of these clinical reports, we have
proposed that the limbic system functions as a major "modulator" of aggressive
behavior. Implicit in this assumption is that the limbic system regulates the
tendency for aggressive reactions to occur or be suppressed by its direct or
indirect actions upon the hypothalamus or midbrain PAG. Findings relevant to
these issues have been described fully in other review articles (Siegel and
Edinger, 1981, 1983; Siegel and Brutus, 1990), which provide details as to the
methods and the results of various limbic system manipulations. It is clear that
limbic structures have a major modulatory action, and these are summarized in
Table 1.

Thus, the principal finding of these studies is that the limbic system
(including ventral and dorsal hippocampus, septal area, amygdala, and portions
of the prefrontal cortex and cingulate gyrus) modulates predatory attack and
affective defense behavior (Brutus et al., 1986). The anatomic studies detailing
the outputs of the limbic structures indicate that the primary sites of interaction
from the limbic system most probably include the medial and lateral
hypothalamus with respect to modulation of aggressive reactions. While it is
also conceivable that limbic structures may modulate PAG neurons intrinsic to
the expression of affective defense and predatory attack, little information is
presently available that bears upon this possibility. Further studies along these
lines would be helpful in clarifying this issue. We have also shown that limbic
seizures may produce enduring modulating effects in the post-ictal period on
predatory attack and affective defense behavior (Brutus et al., 1986).

NEUROPHARMACOLOGY OF AGGRESSION: THE
OPIOID PEPTIDE SYSTEM

Over the past several decades, a number of studies by various investigators
have been directed at examining the possible role of several different putative
transmitter systems, such as the monoamines and acetylcholine, in the
regulation of affective defense and predatory attack. Unfortunately, much of
this work remains incomplete, and a clear-cut understanding of the actions of
these transmitters of feline aggression is not yet available. Nevertheless, we
have summarized the results of these studies in Table 2.
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There are, however, a number of investigations that point to a possible role
of the opioid peptide system in the regulation of feline aggression. The choice
for these series of experiments was prompted by the following observations: (1)
that withdrawal from opiates is associated with heightened aggressiveness, and
that opiate addicts appear to replenish "pathologically" diminished stores of
endogenous opioids to levels that support noncombative adaptive behaviors
(Khantzian, 1974, 1982; Wurmser, 1973); (2) that several regions of the limbic-
midbrain from which attack can be elicited or modulated are richly endowed
with opiate receptors, enkephalin-positive cells, and axon terminals (Atweh and
Kuhar, 1977; Moss et al., 1983); and (3) that several studies, conducted in
rodents and in the monkey, have shown that peripheral administration of the
opioid antagonist naloxone results in a heightened aggressiveness and defensive
behavior (Kalin and Shelton, 1989; Puglisi-Allegra and Oliverio, 1981; Tazi et
al., 1983).

The results of these studies, using the feline model of affective defense,
have in fact shown that the opioid peptide system can powerfully modulate
affective defense behavior elicited from the hypothalamus or midbrain PAG
(Brutus et al., 1988; Brutus and Siegel, 1989; Shaikh and Siegel, 1989). In
contrast, the predatory attack system seems not to be opioid dependent. These
studies suggest that several of the primary structures involved in opioid
modulation of this response include the nucleus accumbens, BNST, and
midbrain PAG. The next goal in this line of research should be a determination
of the cell bodies of origin of the opioidergic fiber systems that supply each of
these important nuclear modulatory groups. Such information would represent
an important new step in our understanding of the nature of the inhibitory
regulatory system for affective defense behavior.

SUMMARY AND CONCLUSIONS BASED ON DATA
FROM STUDY OF FELINE MODELS OF AGGRESSION

In reviewing the large numbers of studies conducted over the past two
decades with respect to the neural bases of feline aggressive behavior, the
following conclusions appear warranted. The sites in the brain at which
predatory attack and affective defense can be elicited or modulated are now
well established. The basic anatomic pathways utilized for the expression or
modulation of the attack responses have also been identified, as well as the
basic physiologic properties of these response systems. Moreover, we are now
beginning to understand how the basic putative transmitters
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may function to regulate these responses. However, it is this area of
investigation in which our knowledge is most limited. For example, we have
little understanding of where the key synapses for monoaminergic regulation of
aggressive reactions may be situated; nor do we understand their actions on the
attack mechanisms at each of these synapses. Furthermore, with regard to the
opioid peptide system, as noted above, we have no knowledge of the nuclear
groups whose axons project to such key regions for the expression and
modulation of affective defense as the BNST, nucleus accumbens, and PAG.
Nor do we fully understand the cellular bases for opioid modulation at each of
these synapses. Accordingly, it would appear that the most promising lines of
research in the study of the neurobiology of aggression lie in attempting to
obtain answers to these critical questions. Certainly, a thorough understanding
of the neuropharmacology of aggressive behavior and the substrates at which
transmitters act along the limbic-midbrain axis will be required before any
attempts at rational pharmacologic intervention strategies for the control of
human aggression based on this work can be considered.

HUMAN STUDIES OF AGGRESSION AND VIOLENCE

INTRODUCTORY AND DEFINITIONAL STATEMENTS

Adaptive Versus Maladaptive Violence and Aggression: Animal and
Human Models

It would be well, in a consideration of the relationship between human
violence and brain function, if a clear and defensible distinction could be drawn
between adaptive (and socially acceptable) forms of violence and those that are
maladaptive and symptomatic of an overt or presumed disorder of the brain.
The research on animal models of aggression reviewed in the first section of
this paper is related to adaptive aggression or "violence."

It seems inappropriate to refer to predatory attack (quiet biting attack) and
affective defense behaviors as violent ("intentional infliction of physical harm")
since they are part of the survival mechanisms of the species. This would
require us to conclude that the cat is intentionally inflicting physical harm on a
mouse when it kills and eats it for food, or to label as "violent" a female cat who
may kill or severely injure an intruder in the course of an affective defense of
her litter. This seems incorrect. In some sense, the goals or methods of the two
(i.e., animal and human)
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investigations appear incompatible and/or inconsistent. That is to say, we study
attack and defense mechanisms in normal cats (and other animals) and violent
behavior in abnormal (presumably) human subjects. Are there really any links
between the two bodies of research? We must assume that the mechanisms and
structures involved in the final common neural pathway for the expression of
attack and defense are basically similar in all higher mammals. A further
assumption is that the mechanisms for activating or suppressing the aggression/
violence pathway(s) are vastly more complex in humans because of the
increased size of the forebrain. Nevertheless, it seems reasonable to hypothesize
that humans who are engaging in maladaptive, violent behavior have some
brain abnormality that somehow temporarily (and, possibly, repeatedly) short-
circuits the aggression/violence pathways leading to truly violent behavior. We
consider the evidence bearing on this hypothesis in the review and discussion
below.

To return to the issue of defining adaptive versus maladaptive aggressive
behavior in humans, there is on the one hand likely to be general agreement that
serial killers or sexual offenders who maim their victims are displaying
disordered, maladaptive violent behavior. On the other hand, the label of
"adaptive" would be applied to the behavior of soldiers who kill enemy
personnel in the course of battle and to the actions of skilled boxers who inflict
physical punishment on (and occasionally kill) an adversary. Unfortunately,
most of the examples of human violence and aggression considered in this
section appear to fall somewhere between these two extremes. Violent or
aggressive behavior may be quite adaptive in young male persons raised and
living in impoverished environments; it may also be one of the few means of
expression available to persons with impaired cognitive or language capacities.
Surveys of violence and aggression have implicated age, gender,
socioenvironmental, and/or cognitive variables; it may be virtually impossible
to identify the portion of the variance that is attributable to adaptive, as opposed
to nonadaptive, factors. Nevertheless, to the extent possible we will try to bear
this distinction in mind in the course of reviewing and discussing the areas of
human violence.

Measuring the Dependent Variable

The end points in measuring aggression/violence in animal models (see
above) are simple, highly reliable, and almost stereotypic motor behaviors. By
contrast, the measurement of human
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aggressiveness/violence is beset with confusing, highly controversial, and often
contradictory legal, psychologic, medical, and sociologic issues. The acts that
involve the criminal justice system range from robbery and aggravated assault
through rape and homicide, whether these acts are actually committed, merely
threatened, or attempted. The data on which research has been based are
manifold. They consist of records obtained from official sources (prison,
hospital, and outpatient clinical records), which may be biased in significant
ways because of the nature of the clients who are involved with that institution.
Some data have been gathered by questioning the subject about his or her
behavior, or by questioning those who are familiar with the subject, such as
teachers, nurses, peers, parents, and other relatives. These two sources cover the
bulk of investigations in this review. In only a relatively small proportion of
studies are there actual observations of the commission of aggressive or
"violent" acts (which would be formally similar to the animal model studies)
during the course of the investigation; these consist of a small number of
treatment studies of hospitalized psychiatric patients and one study of epileptic
patients monitored on closed-circuit television.

Since violent behavior is a relatively low-frequency act, and since it is
likely to occur in circumstances where direct observation is unlikely, any
conclusions we may draw from our review of research in human violence are
based on second- or third-hand reports of behavior of varying (or unknown)
degrees of reliability and validity.

Most likely, these criticisms lose their force in the case of documented
repeat offenders in the criminal justice system. However, in other instances,
including poorly documented studies of the effects of therapeutic brain lesions
on "aggression, hyperkinesis, destructive tendencies and wandering tendency"
(Ramamurthi, 1988), it is difficult to evaluate the merit of the contribution. This
must temper our conclusions and will also influence the recommendations we
make for future work in this area.

VIOLENCE IN PERSONS WITH NEUROPSYCHIATRIC
DISORDERS

In the introduction to this paper we made reference to the concept that a
person who commits crimes, of either a violent or a nonviolent nature, may
need to be treated as one suffering from a disorder, rather than as a criminal.
The work of Papez (1937) and MacLean (1952) identifying and promulgating
the limbic system as the cerebral region necessary for the support and expression
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of emotion provided the impetus and rationale for a considerable body of
research attempting to discover disturbed brain function in persons with
neuropsychiatric disorders, especially disorders of emotion. Structures
comprising the limbic system (amygdala, hippocampus, cingulate gyrus,
portions of the thalamus and hypothalamus, and their connections) have been
special targets of this research (Figure 1). However, the limbic system is
ordinarily difficult to observe, measure, or study directly (except in certain
neurosurgical cases); therefore, most studies of neuropsychiatric patients have
attempted to measure brain abnormalities as best they could by examining
electroencephalogram (EEG) records or searching for ''soft" or hard neurologic
signs, such as the presence of seizures. The advent of newer, sophisticated, and
relatively noninvasive imaging techniques such as computerized tomography
(CT) scans, regional cerebral blood flow, magnetic resonance imaging, and
positron emission tomography (PET) has made the study of limbic and limbic-
related structures in humans more feasible. Some imaging research with
neuropsychiatric patients exhibiting violent behavior has been done and is
reviewed later in this paper.

Schizophrenia

Although there may be a connection in the view of lay persons between the
co-occurrence of major psychiatric disorders such as schizophrenia and violent
behavior, the evidence is in fact not very compelling. We report here six recent
investigations involving schizophrenia.

There are a few reports of increased aggressiveness or assaultiveness in
patients with the diagnosis of schizophrenia (Tardiff and Sweillam, 1980;
Krakowski et al., 1986; Karson and Bigelow, 1987) (Table 3).* Tardiff and
Sweillam (1980) attribute the violence to either the sex (male) or the
socioeconomic status of the patient (low). Krakowski et al. (1986) focus on the
role of violence in the disorder of the patient and remind us that the carrying out
of assaults is incompatible with the disorganized psychotic states seen in severe
psychiatric illness. Karson and Bigelow (1987) report an increased incidence of
assaultive behavior in schizophrenic patients in comparison with those carrying
other diagnoses. However, the assaultive patients were also younger and tended
to have a prior history of violence.

Robertson (1988) makes much the same point as Krakowski et

* Tables 3 through 17 appear at the end of this paper, beginning on page 112.
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al. (1989): Schizophrenic men are socially incompetent and therefore more
easily detected in the commission of a criminal act, including violence, and
more easily detained. As a result, it is difficult to compare the rate of criminal
offenses among the mentally ill with that of the general population. The last two
studies in this group (Convit et al., 1988; Herrera et al., 1988) point to the fact
that both illegal drugs (PCP) and legal drugs (haloperidol—an antipsychotic
medication) can increase the frequency of violent acts in schizophrenic men.
These findings cast further doubt on the specificity of any association between
schizophrenia and the tendency to commit violent acts.

Alcoholism

Only two studies (Table 4) from a vast literature are reported here; the
relationships among alcohol use, brain damage, psychopathy, and violence are
very complex and beyond the scope of this review. One study (Buydens-
Branchey et al., 1989) deals with the intervening variable of deficit of serotonin
metabolism as a precursor of antisocial behavior. The other study by Coid
(1982) reviews the literature and concludes that although violence is an alcohol-
related problem, the relationship is not a direct one. Further research into
alcohol-related damage to the brain is the most fruitful area of study.

Epilepsy

A number of studies on violence in neuropsychiatric populations have
focused on epilepsy. Before discussing this research, some definitions are
needed. An important distinction concerns the division between acts of violence
or aggression that allegedly occur in the course of an actual clinical seizure and
are properly to be considered part of the seizure or ictus itself (i.e., ictal
manifestations) and violent or aggressive behavior that occurs between seizures
(i.e., in the interictal period).

Research on interictal aggression is summarized in Table 5. Before
discussing these studies, however, it is necessary to review the ictal data. With
respect to ictal manifestations, an earlier study by Ajmone Marsan and Ralston
(1957) reviewed several hundred seizures in epileptic persons, induced in the
laboratory by injection of metrazol for diagnostic purposes. The results of their
review indicated that aggressive behavior or angry feelings were extremely rare.
Much more commonly reported were feelings of
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fear. Similar observations about the rarity of ictal rage or aggression were made
by Gloor (1967) and Rodin (1973) and were reviewed by Mirsky and Harman
(1974). Epileptic patients may thrash about in the course of a generalized
seizure, or may appear to strike out if attempts are made to restrain them;
however, the impaired cognitive state associated with a generalized seizure is
scarcely compatible with a directed attack upon another person.

Although it seems unlikely that ictal violence or aggression is a significant
human problem, there has nevertheless been a scale devised to rate aggressive
behavior during seizures and to certify whether such behavior was truly ictal
(Delgado-Escueta et al., 1981). This scale (Table 6) was derived from
videotaped seizures suggestive of violent behaviors; it is of interest that it was
based on a population of 13 patients out of a pooled sample of more than 5,000
cases. Approximately one-quarter of 1 percent of epileptic persons thus show
ictal violence or aggressiveness; this minuscule figure is not in disagreement
with the earlier findings with metrazol-induced convulsions by Ajmone Marsan
and Ralston (1957) and others.

Concerning interictal violence and aggression, in contrast, the picture is
considerably more murky. One of the models for conceptualizing this behavior
is to assume that it is state-related. That is to say, the violence represents an
occult or hidden seizure equivalent for some persons with epilepsy; if one were
fortunate enough to have recording electrodes deep within the appropriate
region of the limbic system of the brain of the patient, one would be able to
record evidence of seizure (i.e., EEG spike) activity. This is notwithstanding
that there may be no other overt indications of convulsive activity. Enormous
controversy has raged over whether or not there has ever been a convincing
demonstration of this phenomenon, since it provides a model and rationale for
surgical treatment (i.e., ablation) of the offending seizure focus (Mark and
Ervin, 1970; Valenstein, 1980).

An alternative view of interictal aggression or violence in persons with
epilepsy is that it is a trait associated with this type of cerebral disorder rather
than an ictal occurrence. According to this view, the emotional mechanisms
within the brain (usually referring to the limbic system) of such a person are
damaged or modified in some way by the seizure disorder such that aggressive
or violent outbursts are more likely to occur in them than in nonepileptic
persons. A number of questions are raised by these purported findings. Are
there actually patients who conform to this description? To what extent are they
representative of the
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entire population of persons with epilepsy? To what extent are those behaviors,
if they occur, a characteristic of the age, sex, and socioeconomic characteristics
of the patients, as opposed to their epilepsy? If the behaviors occur at rates
greater than those seen in appropriately selected control subjects, are there other
equally plausible interpretations of the behavior rather than what might be
called temporolimbic irritability?

Another question pertaining to the design of research in the area concerns
whether one starts with patients suffering from seizure disorders and examines
the prevalence of violence/aggressiveness in these cases. Such a study might be
done using admissions to a state hospital or a clinic (e.g., Tardiff and Sweillam,
1980). The alternative is to start with persons who have been involved with the
criminal justice system (or other medical-legal authority) because of dangerous
or assaultive behavior and to ascertain the prevalence of seizure disorders. An
example of this approach is the study by Bach-y-Rita et al. (1971) (summarized
in Table 5). The first approach (i.e., to start with seizures) suffers from the
potential problem of sampling bias. To what extent is a state hospital or large
clinic dealing with a truly representative sample of seizure cases? What
proportion of patients, unknown to the system, seek and receive treatment from
private practitioners (or other sources of care and never enter the statistical
pool? The second approach (i.e., to start with the aggressive behavior) may also
suffer from a sampling bias. Those cases most likely to be referred and to be the
objects of clinical attention are those in whom some brain abnormality is
suspected or demonstrated. It is also more likely that persons who have engaged
in violent/aggressive/assaultive behavior during their lives would have suffered
from head injuries leading to seizure disorders. The association between the
abuse received during childhood (including possible head injuries) and later
abusive behavior toward others appears to be a clinical truism (e.g., Tarter et al.,
1984; Dodge et al., 1990). What is sorely lacking in studies of this type are (1) a
national register of persons with seizure disorders and/or (2) an epidemiologic
sample of a large and varied catchment area. The availability of such sources of
information would enable us to draw unambiguous conclusions about
associations and, possibly, about the direction of causality. We return to this
issue later.

Some of these questions are addressed in the studies reviewed here;
definitive answers are not available to most of them. At issue, particularly with
respect to interictal violence/aggression, is whether or not surgical treatment
(i.e., resections of brain tissue)
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of patients who exhibit violent behavior can be rationalized as the equivalent of
removal of a seizure focus. Surgical treatment of intractable seizures has been a
successful therapy for at least 40 years (Penfield and Jasper, 1954).

Aggression as an Epileptic Equivalent

A review of the literature published during 1974–1989 indicates that there
has been a substantial emphasis on the possible relation between seizure
disorders and aggressive behavior. Twelve studies or literature reviews have
examined this question; of these, seven concluded, on the basis of the review
either of clinical case material or of the literature, that there is an association in
patients between the occurrence of seizure disorders and the likelihood of
aggressive or violent behavior (Weiger and Bear, 1988; Lewis et al., 1983; Bear
and Fedio, 1977; Bear et al., 1981; Devinsky and Bear, 1984; Perini, 1986;
Engel et al., 1986). It should be noted that four of these studies are based on the
work or views of Bear (Weiger and Bear, 1988; Bear and Fedio, 1977; Bear et
al., 1981; Devinsky and Bear, 1984), for whom the greater aggressiveness of
epileptic patients (specifically those with temporal lobe foci of abnormality) is
an example of the enhanced emotional responsivity that characterizes
behavioral transactions in such persons. This, in turn, is attributed by Bear to
the sensitization of the limbic system and greater autonomic responsivity
resulting from the epileptogenic focus (Bear et al., 1981).

Three additional references concluded that although there may indeed be
an association between epilepsy and violence, this is a spurious connection,
related to other factors (Hermann, 1982; Virkkunen, 1983; Stone, 1984).
Among these other factors are impaired cognition (Hermann, 1982) and an
angry reaction borne out of despair over the incurable nature of the disorder
(Stone, 1984). Further, Virkkunen concludes that aggression in epileptics is a
"multifactorially determined … phenomenon" (Virkkunen, 1983:647).

Two studies concluded that there is no relation between epilepsy and
violence that cannot be accounted for in terms of the socioeconomic class of the
patients studied (i.e., more assaultive behavior is associated with lower
socioeconomic class; Tardiff and Sweillam, 1980:Table 3; Treiman,
1986:Table 5). The study by Tardiff and Sweillam (1980) is particularly
impressive since it is based on a sample of more than 9,000 patients admitted to
psychiatric hospitals in a one-year period.
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Violence as the Independent Variable—Is There a Brain Disorder in Such
Patients?

In the work reviewed in this section, the primary focus of the study was on
the symptom of violence per se, rather than as a component or additional
symptom of some other disorder (i.e., schizophrenia, alcoholism, epilepsy).
Two subgroups of investigations are presented: in one, violent sexual offenders
were the focus of the study (Table 8); the other dealt with non-sex offenders
(Table 7). In all of those studies, however, the intent of the investigators was to
determine whether available neurodiagnostic tests could detect a consistent
pattern of brain disorder or disorders that could account for the symptom(s). A
particular interest has to do with whether or not limbic system pathology or
dysfunction can be identified.

Violent Offenders—Nonsex Crimes

There were seven studies or literature reviews related to this topic during
our selected reporting period (ca. 1974–1989) (Table 7). In six of these, it was
concluded that there was an association between aggressive/violent behavior
and brain abnormalities (Bach-Y-Rita et al., 1971; Lewis et al., 1986; Volkow
and Tancredi, 1987; Hendricks et al., 1988; Andrew, 1980; Brickman et al.,
1984). The studies ranged from comparisons of left-handed juvenile delinquents
(less violent) with right-handed juvenile delinquents (more violent) (Andrew,
1980), through neuropsychologic assessment of felonious delinquents
(Brickman et al., 1984), to studies of episodically violent patients (Bach-Y-Rita
et al., 1971; Volkow and Tancredi, 1987) and persons sentenced to death for
violent crimes (Lewis et al., 1986). The studies by Volkow and Tancredi (1987)
and by Hendricks et al. (1988) are of special interest because they employed,
respectively, positron emission tomography and regional cerebral blood flow
measurements to assess brain abnormalities. Both of these "high-tech"
biomedical studies reported positive findings. Langevin et al. (1987) found
impairment on the Reitan neuropsychologic battery (presumably reflecting
brain damage or dysfunction) in one-third of 18 males facing murder or
manslaughter charges. However, as noted above in the discussion of violent acts
among men with a diagnosis of schizophrenia (Table 3), the high prevalence of
alcohol and drug abuse in these accused murderers prevents an unequivocal
interpretation of the results. Only the study by Mungas (1983) (Table 7), on the
basis of comparisons among various subgroups of patients differing in the
degree or
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intensity of violent behavior, concluded that there was no association between
violence and brain dysfunction. The remaining citation, a literature review by
Eichelman (1983), concluded that there is no necessary link between limbic
system pathology and the induction of aggressive behavior; the two phenomena
are independent. Moreover, other brain regions may be contributory as well.

Violent Offenders—Sex Crimes

In Table 8 are summarized the results of six recent studies or reviews of
violent sex offenders; five of these were conducted by the same group of
researchers (Langevin et al., 1985, 1988, 1989; Hucker et al., 1988; Garnett et
al., 1988). They involve a variety of innovative research techniques such as the
measurement of sexual arousal as elicited by standard audiotaped erotic stimuli,
and the measurement of brain pathology with CT scans and PET scans. In
addition, hormone profiles, as well as careful and detailed neuropsychologic
and personality examinations, were conducted. Hendricks et al. (1988)
measured regional cerebral blood flow (xenon inhalation technique) in a group
of child molesters.

Although the results of these innovative studies are provocative, there are
no uniform findings that can be used to implicate any particular brain region in
the pathophysiology of the violent sexual offender. Some results (Hendricks et
al., 1988) suggest a nonspecific lower brain metabolism in such persons. Some
of the findings of the Langevin group (Langevin et al., 1985; Hendricks et al.,
1988) are compatible with the presence of abnormal functioning in the right
temporal lobe, particularly among sexual sadists. The results of later studies
(Langevin et al., 1989), however, seem to implicate left hemisphere problems,
related to language, particularly among pedophilic offenders. The authors
conclude that the findings are very provocative but not conclusive; the brain
abnormalities are likely to be subtle in such cases and will require extremely
subtle and sensitive measurement techniques. Moreover, as some of their work
suggests, there may be specific abnormalities associated with different types of
sex offenders (i.e., sadism, pedophilia, etc.).

TREATMENT OF VIOLENCE

Electroconvulsive Therapy (ECT) and Pharmacotherapy

It must follow as the night the day that if violent offenders
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are considered to be suffering from a brain disorder, efforts to treat them would
be instituted. Moreover, if violence is an epileptic equivalent, would not violent
patients be helped with antiepileptic drugs? Although there is undoubtedly a
large literature associated with this problem, we have presented only a small
number of representative recent studies. ECT (Schnur et al., 1989) may be
efficacious in patients with episodic dyscontrol (or Intermittent Explosive
Disorder; American Psychiatric Association (1987) (Table 9).

Monroe (1975) reviews studies of the use of anticonvulsants in the
treatment of episodic dyscontrol, concluding that these compounds may be a
useful adjunctive treatment. Finally, two studies employ pharmacotherapy in
treating the symptoms of aggressive behavior in persons with geriatric problems
(De Cuyper et al., 1985) or Huntington's disease (Stewart et al., 1987).

Psychosurgical Treatment of Violent Offenders

Despite the reservations or at least the caution implied or stated by most
authors concerning brain-behavior connections in this controversial field, there
were three reports of surgical ablations of limbic or limbic-related structures as
treatment of violent or aggressive behaviors (Sano and Mayanagi, 1988;
Ramamurthi, 1988; Dieckmann, 1988; see Table 10). All involve stereotaxic
lesions in the medial hypothalamus (or amygdala, in the case of Ramamurthi).
The persons on whom the surgery is performed are violent/aggressive cases
(Sano and Mayanagi, 1988; Ramamurthi, 1988) or "sexual delinquents"
(Dieckmann, 1988). In addition to the forthright surgical approach, these studies
are notable in that they often target young subjects (many of Sano and
Mayanagi's cases were under 15 as were most of Ramamurthi's). The numbers
of cases reported varied from 14 (Dieckmann et al.) through more than 600
(Ramamurthi); the reports were all favorable, although the follow-up varied in
quality. Independent assessments of outcome, as well as untreated control
groups, were absent from these reports.

It is difficult to assess these reports, not only for the reasons stated, but
because the criteria for assessing or diagnosing violent or aggressive behavior
may differ in Japan (Sano and Mayanagi, 1988) and India (Ramamurthi, 1988)
from those used in the United States. It is not clear that violence and aggression
have unambiguous cross-cultural meaning. What for instance, is the Western
equivalent of "wandering tendency," one of the criteria used by Ramamurthi in
selecting candidates for surgical therapy? The
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use of neurosurgical treatment for violence thus leads to a set of complex and
controversial issues. Some of these issues are discussed in the volume edited by
Valenstein (1980).

The last study in this category is the report of a single psychosurgery case
seen by one of the authors over a nearly 40 year follow-up period (Mirsky and
Rosvold, 1990). Immediately premorbid, the patient was in her second year of
medical school. After 11 years of hospitalization and treatment, the patient was
considered dangerous (she was a biter) to all health care personnel. She could
not be approached safely before her psychosurgical procedure(s);
postoperatively, she was extremely docile. Although the violent behavior
disappeared after surgery, the apparently intractable schizophrenia was the
reason for the operation, not the violence. The latter had developed as a
symptom sometime during the course of the progressive deterioration
accompanying her 11 year schizophrenic illness. The case is of some heuristic
value in that it emphasizes that violent behavior may be part of a more complex
syndrome of disorder, in this case schizophrenia. The progressive deterioration
was the primary reason for the radical operation(s), and the violence
presumably stemmed from that circumstance. It may be that the aggressive
biting was one of the few forceful means of communication left to the patient in
her deteriorated state. In this sense, this case study is similar to the reports
summarized in Table 1 (suggesting no close relation between schizophrenia and
violence) and points to a possible interpretation of violence as a primitive,
aggressive method of communication in a person with poor or absent
communication skills. This theme is developed further in subsequent sections.

Treatment of Violence—A Commentary

The view that violence and aggressiveness are disorders is not one that has
been accepted universally. Some authors have criticized medical,
pharmacological, and surgical approaches to violence, not only as based on
incomplete, if not poor, scientific evidence, but also as part of a conspiracy by
those in power to suppress individual liberties, differences, or dissent. The roots
of the dissent are said to stem in part from frustration over economic
inequalities in society (Breggin, 1980; Chorover, 1979, 1980). Although most
of the criticisms of what might be called the neurobiologic approach to human
violence have centered around neurosurgical treatment of psychiatric disorders
(i.e., "psychosurgery"), some have argued that the conspiracy extends to
pharmacotherapy
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of mental disorders as well (Breggin, 1980; Chorover, 1980). Chorover has
cited stimulant drug treatment of hyperactive children as another example of the
way in which "in both families and societies, practical and political interests
may be served by attributing blame, by identifying symptoms as causes, and by
controlling individuals whose behavior is defined to be dangerous or
disturbing" (Chorover, 1980:133). Although it is true that these authors have
been primarily polemicists rather than gatherers of data, they are representative
of those who, for a variety of reasons, oppose neurobiologic approaches to
complex medical-social problems. This may be a minority view, but it is clear
that there is no unanimity of opinion that seeking the neurobiologic causes of
violent and aggressive behavior (and basing treatments on these data) is an
unalloyed good.

SOCIAL CLASS, AGE, AND GENDER RELATED TO
VIOLENCE

The fact that violent and aggressive behavior is more prevalent among
young male members of lower socioeconomic groups has been mentioned in
conjunction with a number of studies we have reviewed (e.g., Tardiff and
Sweillam, 1980; Kindlon et al., 1988; see Table 11); this variable or group of
variables is often a confounding factor in the interpretation of the results of
research on violence. A recent statistical summary cited by Roberts (1990)
shows a precipitous rise in male homicide rates (for nonrelatives of the same
sex) at ages 15–19, which does not moderate until age 40–44. Even then, the
curve does not approach the rates for females until ages 50–54 or later. The
rates for females remain relatively stable throughout life, except for a slight
bump occurring at age 20–24. This gender difference may be rooted in
evolution and is undoubtedly heavily influenced by cultural and sociologic
factors (Daly and Wilson, 1989, cited by Roberts, 1990); however, the question
arises as to whether there are differences between male and female brains that
could account for, or at least be related to, the differential propensity to
violence. The work of two investigators is possibly relevant here. Lansdell has
shown, in a series of studies beginning in 1962 (Lansdell, 1962), that male
patients with seizure disorders who undergo surgical resection of the temporal
lobe for the relief of epilepsy tend to show greater behavioral deficits
postsurgery than female patients. "These unique results with these operations
show a resiliency of the female brain, compared with the male brain, with
regard to these two types of surgery …" (Lansdell, 1989).
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The studies of Lansdell and a confirmatory finding by Sundet (1986) are
summarized in Table 11. One additional study is included in this table although
it does not pertain directly to the effects of temporal lobe surgery or epilepsy.
Instead, this study by Hampson and Kimura (1988) shows that women exhibit
large and significant ''reciprocal performance fluctuations over the menstrual
cycle in two types of skills." The possibility exists that these hormonal effects
in the female may have some bearing on the apparently greater resilience of the
female brain; further, it is conceivable that these sex differences may have some
bearing on the greater propensity for male aggressiveness/violence. If it is true
that violence is a symptom due to a lesion somewhere in the brain, then the
increased prevalence of the symptom in the male may be due to the greater
vulnerability of the male brain to injury and/or to the greater apparent plasticity
of the female brain. Clearly, much additional research would be needed before
the merit of this hypothesis could be evaluated.

PSYCHOPHYSIOLOGIC STUDIES RELATED TO
VIOLENCE

There are numerous psychophysiologic techniques that have been
employed in the study of disordered populations. However, even a cursory
review of these would go beyond the limits of this paper. We will refer here
only to some recent studies of Event-Related Brain Potentials (ERPs) in
populations relevant to the current discussion: prison inmates rated high on a
psychopathy scale, although not necessarily selected for unusual violence or
aggressiveness. Other research, however (Hare and McPherson, 1984), has
shown that psychopaths are more likely than other criminals to commit violent
and aggressive crimes. In this series of studies (Jutai et al., 1987; Hare and
Jutai, 1988) summarized in Table 12, the findings suggest that high
psychopathy is associated with poor information processing capacities.
Specifically, those inmates rated high in psychopathy showed both ERP and
neuropsychologic evidence of left hemisphere dysfunction and/or weak or
unusual lateralization of language functions. The results are compatible with the
view that psychopaths have fewer language processing resources than do
normal individuals.

The results of these studies are important for two reasons: (1) they
highlight a possible cognitive deficit in persons who may commit violent
crimes; and (2) they exemplify a powerful noninvasive technique (ERPs) for
studying brain functions and information processing in violence-prone
populations. Such research, as Duncan (1990) and colleagues (1985, 1989) have
shown, can help illuminate
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specific information processing deficits in a variety of clinical populations,
including schizophrenics and persons with eating disorders or seasonal affective
disorders. These methods add to the armamentarium of noninvasive techniques
that may be especially appropriate for research on child populations.

DEVELOPMENTAL RESEARCH RELATED TO
VIOLENCE

Neurodevelopmental Issues

In numerous papers over the past 15 years there has been attention to
developmental issues that are potentially related to the etiology of violent/
aggressive behavior. We have already alluded to some of these studies in
previous sections (i.e., Tarter et al., 1984). Two major themes emerge from this
work: the first, and most often discussed, is that the tendency to display
aggressiveness and violence represents a neurodevelopmental maturational
deficit. The specific form of the hypothesized relationship differs somewhat
from author to author, but the basic message is similar for all: in children who
exhibit violent and aggressive behaviors there is evidence of substantial
neuropsychologic deficit in such functions as memory, attention, and language
or verbal skills. The aggressive behavioral manifestations may thus represent:
(1) maladaptive communication skills in persons who are impaired in their
capacity to communicate and/or (2) a frustration-elicited response based on
inability to compete in the cognitive arena with peers (Mungas, 1988; Miller,
1987; Andrew, 1981; Yeudall et al., 1982; Brickman et al., 1984; Piacentini,
1987; Woods and Eby, 1982; Lewis et al., 1988; Hermann, 1982) (Table 13).
Some unpublished data from a recent study of attention and other cognitive
skills in second-grade children judged by teachers to be unusually aggressive,
provide additional support for these hypotheses. Boys rated as aggressive
showed poorer attention skills in tasks requiring the encoding of information
and in sustained concentration. Aggressive girls were poorer than controls on
sustained concentration tasks only (Anthony et al., in press; Mirsky, 1989).
Zahn et al. (1991) recently reported similar deficits in externalizing (acting-out)
boys (i.e., their performance on sustained attention tasks under conditions of
stimulus uncertainty was inferior to that of control boys).

A somewhat unusual finding—an exception to the general trend of these
studies—is reported by Kindlon et al. (1988). Although they reported the usual
greater incident of aggressiveness in 12- to 16-year-old boys of lower
socioeconomic status, they failed to
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find that children with hard neurologic findings (cerebral palsy, seizure
disorders, head injury accompanied by significant coma) or definite EEG or
imaging evidence of damage showed greater aggressivity and delinquency than
controls. It would be of considerable interest to have had neuropsychologic-
cognitive data on these children. It may be that aggressive disorders in brain-
injured children are seen only in the presence of cognitive impairments (i.e.,
leading to communication difficulties). In any event, the data are of interest and
must temper any conclusions about obligatory relationship between head injury
and externalizing behaviors. It would also be well to conduct follow-up studies
of this cohort.

The second theme in these studies, which is not necessarily independent of
the first, is that violence, abuse, and deprivation of a loving relationship in
childhood predispose the individual to later delinquency, including homicide
(Lewis et al., 1983; Tarter et al., 1984; Walsh and Beyer, 1987). The first theme
is, in fact, consonant with that developed in earlier sections, namely that
aggressive/violent behavior may stem from involvement of the limbic system
(and related regions of the brain); however, the mediating variable is
neuropsychologic deficit in communication, attention, and other cognitive
skills. It is thus not the case, according to this view, that there is a direct
relationship between limbic system abnormality and aggression. Rather, the link
appears to be through the effects of altered cognitive capacities (pursuant to
limbic system damage) of the individual. The point that perhaps should be made
in this context is that while the limbic system may subserve emotional behavior,
the structures of which it is comprised also serve a major role in the support of
cognitive behaviors. For example, the role of the hippocampus in the support of
memory is well known (Milner, 1969). However, questions remain as to how
such injury to the developing brain could occur and whether there are social-
environmental conditions that could foster such developmental defects. In fact,
there appears to be a host of pernicious influences on the developing nervous
system that could, in the perinatal period (or later), account for serious
compromise of the developing brain; these influences are more likely to be
present in lower socioeconomic circumstances.

Possible Etiological Variables

Genetics We discuss only two recent contributions to this area. These are
summarized in Table 14. In the study by Mednick
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and Kandel (1988) of 173 recidivistically violent offenders (from the Danish
health records) it was found that early commission of violent crimes predicted
later commissions (a point also made strongly by Farrington, 1989). Moreover,
when the offenses of adopted-away children were compared with those of
biologic and adoptive parents, it was found that biologic parent-child
relationships predicted property convictions, but not violent offenses. This
finding supports the view that the circumstances leading to the commission of
violent acts are more likely due to nongenetic (i.e., environmental) than genetic
determinants.

The other study, by Walker et al. (1989), explored the relation between
schizophrenic diathesis and the stress of parental maltreatment in a group of
acting-out children with significant aggressive and delinquency problems. The
design (summarized in Table 14) allowed the authors to conclude that the
combination of parental schizophrenia and maltreatment at home was
associated with a progressive increase in delinquency in both sexes over time.

Lead The possible etiologic role of small amounts of lead in the
environment, in contributing to cognitive and social failure, has long been the
primary research interest of Needleman and collaborators (Table 15). Not only
does environmental lead (in air contaminated by leaded fuels, from paint in
older houses, from plumbing systems) contribute to poorer cognitive capacities
(including attention) but in follow-up studies in a Boston cohort recently
reported (Needleman et al., 1989), it is also associated with significant
academic failure: a sevenfold increase in the failure to graduate high school—"a
serious impairment in life success." The study by Thomson et al. (1989)
confirms Needleman, with an independent sample from Edinburgh. This work
also implicated lead levels more directly in deviant antisocial and hyperactive
behavior in school children. The remaining paper in this group (Lansdown,
1986) suggests that the relationship between lead levels and behavior may not
exist in children from higher socioeconomic strata. If this were to be the case,
then cofactors (some of which are discussed below) may be involved.

Alcohol Although considerable data have been reported on the later effects
on the child of maternal ingestion of alcohol during pregnancy, the most
complete and systematic data are probably provided by the work of Streissguth
and colleagues (Table 16). This is a continuing investigation of a group of 500
Seattle children
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that began with a group of pregnant women. Significant correlations between
maternal alcohol ingestion during pregnancy and the attention performance of
the child at age 4 have been reported (Streissguth et al., 1984). This finding was
replicated and extended to other cognitive behaviors at age 7 1/2 (Streissguth et
al., 1986, 1989). This study provides strong presumptive evidence that the roots
of academic failure (and later delinquency) may lie in maternal drinking (even
of moderate amounts) during pregnancy.

Cocaine, Opiates, and Tobacco Data now exist (Table 17) showing that
maternal use of cocaine has a significant depressant effect on reflexes and state
control in infants and a general impairing effect on neonatal neurobehavioral
capacities (Chasnoff and Griffith, 1989; Chasnoff et al., 1985). Although the
children in such cohorts may be too young to allow reliable assessment of
cognitive capacities, it seems reasonable to assume that many of them may
present significant academic and social problems as they develop and enter the
school system. In more or less the same vein, Table 17 summarizes some recent
reports of reviews of later effects in the child of maternal use during pregnancy
of opiates (Olofsson et al., 1983; Wilson et al., 1979) and tobacco (Rush and
Callahan, 1989). It should also be noted that Streissguth found nicotine effects
on performance in her maternal alcohol studies independent of alcohol effects
(Table 16).

Some Areas Not Addressed—Some Roads Not Traveled

In the course of this review of neurobiologic factors of possible relevance
to the development of aggression and violence, it became evident early that the
literature on related factors or related clinical populations was staggeringly
large and could not be addressed in a single paper of this size. The areas chosen
for discussion are obviously in part a reflection of the interests and biases of the
authors; other authors would probably have chosen to emphasize different
aspects of the problem and would have made different selections from the
voluminous related literature. The following list of undoubtedly relevant
problems, factors, or clinical groups either has not been discussed in this review
or has been mentioned so fleetingly as to have been essentially ignored:

Attention deficit disorders, with or without hyperactivity
Social learning of violence
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Autonomic nervous system influences
Neurochemical factors
Neural specificity/plasticity
Kindling of seizure foci
The issue of whether or not human aggression and violence can be linked

unequivocally to disordered brain mechanisms remains very much in doubt.
The literature surveyed in this report is suggestive of some relationship between
pathophysiologic processes in the limbic system and the tendency to engage in
assaultive and violent behavior; however, the issues of sample size, sampling
bias, and the co-occurrence of other variables that could account for the excess
violence in the patient or offender groups under study remain for the most part
unresolved. Although it is true that many studies of violent persons have found
evidence of brain abnormalities, the possible role of a violent lifestyle (leading
to head injuries) is generally difficult or impossible to control. Violent
lifestyles, moreover, for many young male residents of impoverished areas, may
be adaptive or at least difficult to avoid. The role of parental mistreatment
leading to injury, not only to the brain but to self-esteem, also needs to be
considered: violence begets violence. Possibly, there is one issue that can or
should be laid to rest: violence occurring in the course of a seizure (ictal
violence) is an almost nonexistent phenomenon.

In the course of this review, a number of suggestions were made that could
simplify the process of doing research in this area and help to clarify the
relationship of brain disorders to aggression, violence, and other types of
antisocial behaviors. One would involve the creation of a national health
registry of the type that exists in a number of Scandinavian countries. This
resource has, in fact, been exploited in a most profitable manner by many
American and Scandinavian researchers to illuminate and clarify the role of
nature and nurture in the development of schizophrenia spectrum disorders
(Rosenthal and Kety, 1968). Data from the police or court systems would
automatically be entered into the registry. This would allow us to ascertain, with
some assurance, the actual prevalence and incidence of antisocial, as well as
other, behaviors in various populations at risk. The necessary precautions would
have to be observed to restrict access to the data to qualified researchers, and to
prohibit the use of the information for any purpose other than research. This is
virtually identical to the recommendation made by one of the authors in 1974
(Mirsky and Harman, 1974:204):
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Only large scale survey data with competent, standardized reporting of
neurologic, psychiatric and behavioral information will permit us to describe
adequately the relation between epilepsy, temporal lobe disease and disordered
social behavior. … And the potential additional information would insure the
value of the project. For example, if an association were found between
aggressive, violent or other socially unacceptable behavior and a series of
neurologic, demographic and environmental variables, then a prospective study
could be done in which a group of infants or young children at risk for such
complications in later life could be extended every medical, environmental and
social benefit. A matched control group without such advantages would be
constituted that would not receive such comprehensive ministrations, and the
outcome of the two groups could be evaluated at 5, 10 and 15 years. If the
treatment were successful in preventing or reducing the development of
unacceptable behavior, it could then be extended … to all children at risk.

It may be possible to implement a less grandiose and utopian scheme by
performing population-based surveys in one or more cities. Such surveys have
been conducted by the National Institute of Mental Health (NIMH) for the
purpose of identifying persons with psychiatric disorders and have been useful
for mental health planning. Subjects at risk could be identified in this way, and
controlled studies involving various types of interventions could be launched.
Interventions could include training targeted at improving general classroom
competence, as implemented by Kellam and Rebok (1992) in the Hopkins-
Baltimore preventive intervention project (see below) or aimed at specific
cognitive weaknesses such as attention and concentration. While it is true that
violent acts may be relatively rare, their occurrence may reflect a much more
prevalent and widespread problem associated with disordered cognition: failed
academic opportunities, underachievement of occupational level, increased
nonviolent (as well as violent) crimes with the attendant staggering costs of
courts and jails.

We believe that this review has highlighted the fact that violent behavior is
more likely the consequence of impaired cognitive processes than of altered
emotional states. Our efforts should therefore be directed toward understanding,
controlling, ameliorating, and reducing the effects of brain-damaging
environments.

Some modest efforts along roughly these lines have been undertaken by
NIMH in the creation of prevention intervention research centers. One of the
authors (AFM) is collaborating with the staff at the Department of Mental
Hygiene at Johns Hopkins University and is involved in the planning,
assessment, and evaluation
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FIGURE 6 This model is based on data gathered in the course of the
collaborative Johns Hopkins University—NIMH prevention intervention
research project referred to in the text, as well as the results of the studies by
Kellam and colleagues (1975) in the Woodlawn district of Chicago.

of cognitive-based interventions. A tentative model, based on some of the
preliminary results from this collaboration, is included in Figure 6. The model
starts with the assumption of early congenital damage to limbic or related
mesencephalic structures of the brain. This in turn leads to difficulty with
certain "elements of attention" (Mirsky, 1989) in elementary school, and thence
to teacher-identified concentration difficulties and early academic failures.
These may result in deviant classroom behaviors (shyness, aggressiveness,
shyness and aggressiveness in combination)
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and to adolescent behaviors related to aggressiveness ("other
psychopathology"). This model is also based, in part, on the results of the
studies of Kellam and colleagues in the Woodlawn district of Chicago and in
Baltimore (Kellam et al., 1975; Kellam and Rebok, 1992).

We need to increase funding for prevention-intervention centers such as
the one that led to the model presented in Figure 5. The operation of centers of
this type could in fact be coordinated with case finding from the proposed
national health registry. In this manner, children at particular risk for the
development of later antisocial behavior could be identified early and provided
with ameliorative cognitive and/or medical treatments. The costs of such
programs would undoubtedly be high, but in time their benefits would outweigh
the costs and would reduce substantially expenses associated with the operation
of the criminal justice system.
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Hormonal Aspects of Aggression and
Violence

Paul Fredric Brain
Relationships between aggressive behavior and the endocrine system have

been studied intensively in recent years. This interest has occurred presumably
because hormones are naturally occurring secretions of the bodies' endocrine or
ductless glands, and are perceived as providing possibly reversible (certainly
when compared to psychosurgery) therapies for some clinical conditions that
include hyperaggressiveness as a symptom. Hormones are transported
throughout the body by the blood stream and represent the slow and chronic
component of the neuroendocrine coordinating system that regulates
physiological and behavioral activities.

AGGRESSION AND VIOLENCE

TERMINOLOGIES OF AGGRESSION

To provide a critical evaluation of developments within this area, bringing
together material from animal and human studies, it is essential initially to
clarify some terminologies. Brain (1990b), as well as others (Buss, 1971;
Kutash et al., 1978; Goldstein,

Paul Fredric Brain is at the School of Biomedical Sciences, University College of
Swansea, United Kingdom.

HORMONAL ASPECTS OF AGGRESSION AND VIOLENCE 173

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


1986; Huntingford and Turner, 1987; Archer, 1988; Klama, 1988; Browne and
Archer, 1989), have recently reexamined the nature of aggression for a general
audience. In both animal and human sciences, terms such as "aggression" and
"violence" are used with enormous flexibility, making it difficult to tie down
firm associations with biologic factors (such as hormones).

Potential for Harm or Damage

The one attribute of aggression about which everyone agrees is that the
action must, at least, have the potential for harm or damage. Yet what do we
mean by harm? Does harm include only physical harm, or can it include
emotional damage or reduced breeding potential? There are behavioral
responses that clearly involve harm or potential harm and receive labels other
than aggression. For example, harm is definitely involved in predation—an
activity that is generally distinguished from aggression by ethologists (students
who emphasize behavior's role within the organism's natural environment).
Predation is often, but not exclusively, an activity involving members of
different species and generally does not involved marked arousal (see below).
Harm is also a potential consequence of defensive responses by animals.
Consequently, the potential for harm is insufficient cause for an action to be
labeled aggression.

Having said this, one could make a convincing case for examining the
possibility that behaviors more associated with predation deserve consideration
in accounts of human violence. Humans are clearly designed to be omnivorous
and do (in most cultures) obtain at least part of their food by predatory
behaviors. Indeed, a surprisingly large number of infrahuman primate species
are also not averse to taking the occasional prey item. Although accounts of
human cannibalism are often rendered rather lurid in popular writing and the
activity clearly has a semireligious component in many of the cultures that
practice (or used to practice) it, this kind of "predation" has been described in a
range of cultures. One can also add that the behaviors of certain psychopaths
(efficient killing without many visible signs of emotional arousal) seem to fit
the ethological description of predation rather than that of social aggression.
Perhaps the detailed studies of the biologic factors involved in activities such as
mouse killing by rats (e.g., Karli, 1981) are of relevance to some types of
human violence even if they are not aggression.

HORMONAL ASPECTS OF AGGRESSION AND VIOLENCE 174

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


Intentionality

Intentionality is another feature necessary, according to some authorities,
to identify aggression, but it is generally difficult to establish whether responses
are deliberate or not. Some authorities maintain that the motives of the
"aggressor" are actually unimportant—what matters is whether the "victim"
regards the action as intentional or not. Others go one stage further and maintain
that a "dispassionate observer'' (i.e., an individual outside the encounter) is a
better judge of aggression. Although the best way of distinguishing between
intentional and accidental acts is to consider the probability of the particular
event, one must note that different individuals vary in their willingness to see
particular responses as intentional.

Arousal

Biologists generally maintain that aggression has to involve arousal.
Arousal is a psychological term applied to evidence of internal changes
including alterations in heart rate, respiration, and the distribution of blood in
the tissues. Charles Darwin, as early as 1872, advocated that one could deduce
something about the arousal state of animals by looking for evidence in
postures; the position of hairs, feathers, or combs; and the production of sounds
(e.g., spitting, snarling, and crowing). Indeed, one can see animals (e.g.
"cornered," subordinate dogs) that are simultaneously fearful and likely to
attack. Some authorities (e.g., Scott, 1981; Huntingford and Turner, 1987) have
expressed a preference for the term agonistic behavior to cover the range of
activities (from overt attack to fleeing, submission, and defense) evident in
social conflict. There certainly is some merit in this position since organisms in
social conflict encounters generally fluctuate between a range of activities.

One should not rely exclusively on this "body language" because one may
misinterpret postures and "facial" expressions in animals. In studies of humans,
individuals may simulate emotional expressions.

Aversiveness

A final proviso needed, before some authorities will accept that an act is
aggressive, is that the "victim" must regard the action as something to be
avoided. This requirement is intended to get around the difficulties of
sadomasochism in humans and
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the use of "love darts" by snails, which cause slight tissue damage but appear to
facilitate courtship in these hermaphrodite animals.

AGGRESSION AS A CONCEPT

A basic problem with the everyday use of the term aggression is that
people generally think they are discussing an entity ("thing") rather than using a
concept. We humans essentially have to deal with a complex world in which a
vast array of so-called independent variables (potential causes) may be related
to an equally large collection of dependent variables (potential consequences).
Humans are not computers, and they attempt to make sense of the world by
creating intervening variables that link together groups of independent and
dependent variables. The concept of aggression is one of these intervening
constructs. The trouble with concepts is that they are theoretically definable in
many ways—one does not assess a concept by its accuracy but by its usefulness
(as an explanatory device).

Aggression and Communication

Aggression in animals involves communication with any or all of the
sensory modalities (as we shall see later, hormones can influence the cues used
in such communication and the sensitivities of the sensory systems that respond
to them). It has also become apparent that most species have a range of
threatening and attack-related activities that can be used in different contexts or
for different purposes.

Utilities of Aggression

It is recognized that animals fight and threaten for a wide range of reasons,
such as selection of mates, obtaining exclusive access to an area (territory) that
is a prerequisite for breeding, gaining status within a social hierarchy, or
defending themselves from conspecifics and predators. Status determines the
animal's ease of access to a mate, food, water, or nest sites. One misconception
is the view that, because particular animals may employ aggression to obtain a
mate, territory, or elevated social status, behaviors receiving the same label in
humans necessarily serve one or more of these functions. There is little
evidence that humans are intrinsically territorial, always obtain their mates by
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crude physical competition, or attain high social status by attacking other
individuals. The serious dangers of simplistic extrapolations from animals to
humans have been well explored.

Different Tests for Animal Aggression

Another complicating feature of dealing with animal aggression is the
striking diversity of tests said to measure this attribute in particular species (see
Brain, 1981, 1989b). In, for example, the laboratory mouse, aggression is said
to be generated by pairing preisolated males (intermale aggression), by
exposure of paired males or females to unavoidable foot or tail shock (shock-
elicited aggression), by arranging for an unfamiliar intruder to enter the nest
area of a lactating female with her offspring (maternal aggression), by placing a
lactating female (or an animal marked with her urine) into an established group
of females or castrated males, by giving the subject the opportunity to kill a
locust or a cricket (predatory aggression), and by confining subjects in a narrow
tube where they may bite a target suspended in front of them thus activating a
telegraph key (instrumental aggression). Thus even in the "simple" mouse, the
tests used to generate aggression are so varied (and the responses generated so
qualitatively different), it is highly improbable that all measure the same
motivation. Certainly, housing conditions (Brain and Benton, 1983), genes
(Jones and Brain, 1987), hormones (Brain et al., 1983), and drugs do not have
consistent influences across these different tests. It has been argued (Brain,
1984a) to be highly probable that these diverse harm-directed activities
variously tap offensive, defensive, or even predatory motivations. In some
cases, mixtures of motivations appear to be involved. Support for this view is
provided by the use of video analysis, which reveals that, in some "ritualized"
responses, vulnerable areas (i.e., the head and ventral surface) of the opponent's
body are rarely bitten (in so-called offensive intermale aggression); in other
tests, vulnerable areas are frequently bitten (e.g., "defensive" maternal attack on
a potentially cannibalistic male intruder), and a third category involves directed
killing strategies (e.g., predatory aggression). Perhaps one should limit the term
aggression to offensive displays, and thus clearly separate these utilities of
attack and threat from defensive and predatory functions? Having said this, one
can make a strong case for the detailed investigation of offense, defense and
predation in animals being of great relevance to understanding the possible roles
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of biological factors in human behavior. One should note that the terms
"offensive" and "defensive" are essentially based on functional explanations of
particular events; it is not easy to operationalize them. For example, the action
of biting can be used in rodents to carry offspring, to eat, to kill prey, to defend
a nest site, or to attack a conspecific. Brain (1984a) has suggested that one can
define a number of categories of behavior that all employ fighting and/or threat.
These include the following:

•   Social conflict: generally intraspecific phenomena involving
competition for a substrate (e.g., a mate, territory, social status, or
food), the possession of which increases the organism's relative fitness.
These are generally ritualized responses in which the potential for
serious damage is limited.

•   Parental defense: behaviors in both inter- and intraspecific contexts
that serve to protect the attacker's young or nest sites from potentially
destructive intruders.

•   Self-defense: behaviors in both inter- and intraspecific contexts that
normally serve to protect the organism per se from potential predators
or attacking conspecifics. Such behaviors are generally limited to
situations where flight is difficult or precluded, and do not involve
ritualization.

•   Infanticide: an intraspecific phenomenon involving the killing of
young. In males, this may be a method of increasing the individual's
reproductive fitness, whereas in females, it is commonly a response to
stress or disturbance (recycling of resources?).

•   Predation: an inter- or intraspecific response that involves efficient
killing and is often followed by feeding activity.

One should note that it is extremely rare (in animal studies) to find purely
offensively or purely defensively motivated behavior. The "ethoexperimental"
approach to the analysis of animal behavior (Blanchard et al., 1989) seems to
offer advantages in studying animal conflict. It basically attempts to fuse the
positive features of ethology and experimental psychology by

(1)  creating laboratory environments that reflect the natural requirements
of the feral ancestors of laboratory animals. For example, when dealing
with a socially living primate species from an arboreal habitat, it seems
appropriate to study mixed-sex groups in complex environments,
offering a range of tactile experience. When dealing with animals such
as the laboratory rat, it seems appropriate to offer the species the
opportunity to construct burrow and nest systems (or to provide an
equivalent) and to investigate
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the organism under seminocturnal (its major activity occurs at night)
conditions.

(2)  carrying out detailed, inclusive analyses of behavior that
simultaneously record other categories of activity in addition to threat
and attack (these can be very revealing in determining how a biological
manipulation changes aggressiveness).

HETEROGENEOUS NATURE OF HUMAN
AGGRESSION AND VIOLENCE

Aggressive behavior is certainly no less heterogeneous in our own species.
The classification of Buss (1971), based on three dichotomies, provides a clear
indication of the diversity of human aggression as viewed through the eyes of a
social psychologist. Aggression, according to Buss, may be physical or verbal,
active or passive, and direct or indirect. Although it is easy to think of animal
analogies for punching, stabbing, or shooting (physical/active/direct
aggression), it is much harder to think of animal analogies for "failing to carry
out a necessary task" (physical/passive/indirect aggression) or "refusing
consent" (verbal/passive/indirect aggression). Obviously, the social
psychologist includes a much wider range of activities under the heading
aggression than does the biologist.

This diversity of human aggression, has led to an enormous range of
methods for assessing the attribute in our species. These broadly fall into two
categories. In the first, behavior is assessed in situ by seeking the opinions of
peers or by questionnaires. These include examining interactions in preschool
play groups, determining the reactions (verbally or physiologically) to films or
written material, creating experimental conflict situations (such as use of the
"hostility" machine), studying individuals in natural high-stress situations,
looking at participation in group activities in which hostile outcomes are
probable (certain sports and committees), responding as observers in sporting
situations (e.g. "football hooliganism"), and even investigating participation in
riots. The second category involves relating physiological events to behavioral
characteristics largely determined on the basis of past events. These include
studies of convicted criminals (here the material is often divided into largely
sexual and nonsexual, and a distinction is made between "impulsive" and
"premeditated" crime). One should note here that studying the "same'' crime
does not always mean that one is dealing with the same phenomenon (e.g., rape
is said by several authorities such as Groth, 1979, to have several etiologies and
is generated by a plethora of influences).
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Similar critiques could be advanced for homicide, assault, etc., before
adding the complications introduced by procedures such as plea bargaining.
Other studies involve investigations of persons resisting attack on themselves or
on property, analysis of individuals with a variety of psychiatric and clinical
disorders, and comparisons of male and female individuals (e.g., variations in
"rough-and-tumble play" and correlating premenstrual tension with crime).

The focus of this review is human violence. Violence is used almost
interchangeably with aggression in most reviews. One might add that violence
is a term often applied to aggressive actions that attract greater than normal
social disapproval. In this respect, the term clearly fulfills Felson's role of being
used to label behavior that transgresses normative values. Obviously, since
judgments of sections of society may be involved in determining which
behaviors receive the labels aggression and violence, relating hormones to such
human activities is not easy. It is doubtful whether one can always differentiate
adaptive forms of aggression from maladaptive violent and aggressive acts,
because this implies a very accurate knowledge of the motivations of all
participants at all times. The definition of the Panel on the Understanding and
Control of Violent Behavior of violent human behavior as "threatened,
attempted, or completed intentional infliction of physical harm by persons
against persons" is eminently reasonable and is broadly the type of behavior
referred to throughout this account. One must note, however, that even within
such a framework, "appropriate" vigor grades into violence. Obviously, areas of
contention include physical punishment of children and activities in a range of
contact sports.

HORMONES AND AGGRESSION

It is necessary to note initially that what we call aggression is (like any
other behavioral concept) influenced by diverse factors that are difficult
(impossible?) to disentangle. These include

(1)  biological factors (i.e., genes, neural systems, neurotransmitters, and
hormones);

(2)  situational determinants (i.e., the environmental or social context); and
(3)  the accumulated experiences of individuals.

Figure 1 is a schema of the relationship between biology and behavior. If
one looks at interindividual forms of aggression, one is
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really dealing with some quite complex interactions between biology and
experience. Some of these effects are mediated by changes in aggressive
motivation, some by influencing other behaviors that compete for expression
with the aggression, others by changing the social signals that organisms direct
toward each other, and yet others by the way in which individuals perceive
those social signals. There are also changes over time and the impact of the
particular environment to consider. One has to add to this complex mix that
whether one chooses to call a behavior aggression or not, is based the observer's
value judgment. It is consequently highly improbable that one will find simple
relationships between any one biological factor and expressed behavior.

FIGURE 1 Schema showing the relationship(s) between biology and
aggression: factors to be considered in rating "simple" interactions between
individuals. SOURCE: Brain (1989a).

NEUROENDOCRINOLOGY

Although the neural and endocrine systems have tended to be regarded
separately, it is currently thought by a variety of authorities that they are best
considered components with differing characteristics (in terms of the speed,
duration, and diffuseness of their actions) of a single neuroendocrine
coordinating system. Certainly there is an intimate relationship between neural
and endocrine factors. Indeed, hormones, neurotransmitters, and
neuromodulators can all be defined as information-transferring molecules. Cues
received and integrated by the central nervous system (CNS) can
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be passed by the neural elements to specialized neurosecretory cells that
essentially convert nerve impulses into hormonal output. These cells (in
evolutionary terms, the oldest glands) are modified neurons (with many of the
elements of such cells) that secrete protein-derived (peptidergic) or amino-
derived (aminergic) material. This material may be transported along the
modified axonal elements that end in close association with blood vessels (some
of these are called neurohemal organs: e.g., the posterior lobe of the pituitary).
It is now apparent that many endocrine glands are innervated by conventional
neurons, which suggests that direct neural input can modify their secretory
activity. Some neurosecretory cells may have direct effects on muscles and
other effector organs, such as exocrine ("ducted") glands.

Although some endocrine glands are primarily controlled by direct neural
input (the adrenal medulla), others are controlled by tropic hormones from the
pituitary (the adrenal cortex, the gonads, and the thyroid), and a third category
largely responds to blood-borne metabolites (the pancreas and the parathyroids).
Many endocrine systems maintain homeostasis (a balance vis-à-vis the internal
environment) by employing negative feedback mechanisms (see Figure 2). In
some cases, positive feedback mechanisms may also operate (e.g., involvement
of luteinizing hormone (LH) in ovulation in mammals).

DEFINING "HORMONE"

As mentioned earlier, hormones are secretions of endocrine glands that are
passed into the bloodstream and are accumulated by target tissues (including the
CNS), where they induce particular physiological or behavioral responses. The
use of the term hormone originally implied (1) a natural chemical structure that
had been extracted from a recognized endocrine gland and (2) the use of the
blood system as the transport mechanism employed to reach the target tissue.
The term hormone has, however, recently become less precise. Synthetic
hormones, fragments of peptide factors, analogues of hormones, and
parahormones (e.g., prostaglandins and opioids) have been included within this
heading. Is the neurally located material that is immunoreactive to an anti-body
to adrenocorticotropic hormone (ACTH) truly a hormone, even if the substance
is chemically identical to ACTH? This peptide may never get near the
bloodstream. Are the bodies' own pain killers, enkephalins and endorphins,
hormones? They may be derived from the peptide hormone ß-lipotropin, but are
they
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FIGURE 2 Negative feedback arrangement evident between an endocrine
gland and a tropic gland (e.g., the adrenal cortex and the anterior pituitary).
SOURCE: Brain (1989c). Reprinted by permission of Kluwer Academic
Publishers.

best regarded as degradation products? A certain degree of flexibility
seems consequently appropriate in this area at the present time. The main
systems discussed in this review are the HPG (hypothalamus-pituitary-gonadal
axis, which includes hypothalamic luteinizing hormone (LH) releasing factor
(LHRF), gonadotropins from the pituitary, and sex steroids from the gonads)
and the HPA
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(hypothalamus-pituitary-adrenocortical axis, which includes corticopin
releasing factor (CRF), ACTH, and adrenal steroids) axes. One should
recognize, however, that other hormones (e.g., those of the thyroid gland and
adrenal medulla; see Valenti and Mainardi, 1989, and Hucklebridge et al.,
1981) can also be implicated in changes in violence and aggression (see
Figure 3 for basic biochemistry).

A brief note on the respective significance of the different levels in the
brain-pituitary-gonadal axis as they relate to violent and aggressive behavior
might be appropriate here. Associations between hypothalamic LHRF and
violence could be interpreted as the most neural component of the HPA axis
directly influencing the CNS, or they could be regarded as suggesting that the
axis is activated or deactivated in such responses. If LH is correlated with
violence or aggression, it could suggest that this pituitary gonadotropin controls
behavior before the major effects of the HPA system on gonadal function are
established (this has been the interpretation favored in some seasonally breeding
animals), or it might indicate that the feedback mechanisms of steroids are
accentuated or suppressed. Correlations between androgens or estrogens and
behavior are also capable of being interpreted in several ways (e.g., "direct"
effects of hormones on violence via neural actions of steroids, or reflections of
changes in the hypothalamus and/or pituitary).

STUDIES INVOLVING HORMONES AND
"AGGRESSION"

The literature relating hormones to aggressive behavior has been reviewed
on several occasions (see Brain, 1977-1981). One striking feature of this
enormous body of data is that the sheer diversity of approaches and
methodologies used makes extracting generalities from the data exceedingly
difficult. These earlier reviews confirm that the topic of hormones and
aggression in vertebrates can be effectively subdivided into

(1)  studies on the effects of early hormonal "programming" of adult
aggressiveness;

(2)  direct effects (presumably via the CNS) of endocrine manipulations on
fighting and threat;

(3)  indirect effects (presumably via changed social signals, etc.) of
endocrine manipulations on fighting and threat;

(4)  hormone-aggression correlations; and
(5)  influences of fighting on endocrine function.
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The types of manipulation involved in items (2) and (3) can be referred to
as exogenous modifications. These are produced by

(a)  surgical removal of the endocrine glands;
(b)  injection of hormone in a solution at a variety of sites (e.g.,

subcutaneous, intramuscular, intracerebral);
(c)  implantation of hormone as a solid phase (as crystalline hormone or

with a material such as Silastic) at a variety of sites (see above);
(d)  use of antihormones or blocking agents; or
(e)  transplantation of hormone-secreting materials (these may be

functional endocrine glands or hormone-secreting tumors).

Sometimes treatments are used in combination, as in classical replacement
therapy (surgical removal of the gland followed by injection of the hormone
associated with the structure). One should note that all manipulations alter more
than one component of the endocrine system. Hormones do not function in
vacuo but operate as part of a complex integrated physiological system.

Endogenous changes are likely implicated in type (4) studies. Here one
may use the following indicators of endocrine activity

(a)  organ weight,
(b)  histology,
(c)  morphometry,
(d)  histochemistry,
(e)  bioassay,
(f)  fluorometric assay,
(g)  competitive protein binding assay,
(h)  radioimmunoassay, or
(i)  enzyme immunoassay.

Measurements may be applied to tissues, plasma, or even saliva. Assays
are generally judged on the basis of three criteria, namely,

(1)  sensitivity (the amount that can be detected);
(2)  reproducibility (the ability to get the same result twice running); and
(3)  specificity (the ability to measure only the particular hormone).

On these criteria, radioimmunoassay, enzyme immunoassay, and some of
the new flourometric assays may be judged the most accurate current means of
measuring hormones, but it must be stressed that all methodologies seem to
have utility under particular
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circumstances. For example, organ weights or histology may prove useful
when the stress of obtaining blood samples is likely to confound the
measurements or when the amount of material is very small. It is obvious that
the concentrations of hormones at receptors are more likely to be of relevance
to ongoing behaviors (including aggression) than changes in serum or plasma
concentrations. This having been said, there are a variety of technical and
ethical problems that make the obtaining of such data in clinical studies
inherently improbable (at present). The best that can currently be achieved in
human studies is to examine a range of values and to look at the time courses of
these variations in detail.

One must note that a wide variation of sophistication is evident in the work
on hormone-aggression correlations emanating from different specialties. A
personal view is that modern plasma and saliva (these are especially useful
because they reflect unbound hormone and the samples are obtained
noninvasively with little associated stress) assays of multiple circulating
hormones in humans are most appropriate, whereas attempts to estimate
receptor dynamics in the brains of animals are of the greatest utility (these
enable one to see how the hormones act at the level of the receptor).

It now seems unlikely that one will be able to show clear relationships
between aggression and a single (even if immensely accurate) determination of
the plasma value of a single hormone. One may argue that it is important to know

(a)  whether the titer is increasing or decreasing and whether the factor is
elevated or depressed with relation to a fluctuating baseline;

(b)  the distribution of the hormone in the different body compartments
(e.g., plasma and target tissues);

(c)  the extent to which the receptor (hormone-receiving points on the cell's
membrane or within the cell) is occupied by bound hormone and the
amount of such receptor (receptor populations can be altered by
hormones); and

(d)  interactions with other hormones (many hormones change other
components of the endocrine system); and

(e)  whether hormone production shows estrous, seasonal, or circadian
rhythms.

Brain (1989c) has recently (in advocating an ethoexperimental approach to
the study of relationships between hormones and behavior) detailed some of the
complications that have become apparent
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to workers in this area. Initially, hormones were assumed to directly influence
the expression of a specific behavior (e.g., aggression). In this schema, the
endocrine gland is viewed as functioning in isolation, and measures of its output
are correlated with a specific behavioral measure. There has, in such cases, been
a tendency to assume that the hormone produces the behavior by acting on the
CNS.

As the vascular system carries hormones throughout the body, they may be
picked up and change processes in a variety of structures that modify behavior.
Although motivational changes (mediated via the CNS) are recognized as being
one means of expressing hormonal action, these chemicals may modify the
production of social cues and/or the sensory systems that detect such factors.
Such effects may be expressed in a variety of sensory systems including the
somatosensory, visual, olfactory, and auditory modes. There is good evidence
that hormones can change the responsiveness of female mammals to male odors
and that such sensory input has a powerful impact on social behaviors. One
must also stress that other endocrine glands can be targets for the actions of
hormones. The situation may be complicated by emphasizing this ''cross-talk"
between endocrine glands (e.g., the effects of the gonadal system in mammals
on the adrenal cortex and vice versa) and by recognizing that the altered target
tissues may express their actions on behavior in rather different ways. It is rare
for a single modality or mechanism to be employed. Rather than specifying a
need to examine phenomena such as "cross-talk" in terms of their impact on
aggression, it is simply advocated that one remember that a complex interactive
system is involved. The actuality strongly suggests that one should look for
multiple endocrine correlates of behavior, recognizing that some will be
secondary consequences of other changes.

Another complication is the fact that metabolic conversions may transform
initially secreted or applied hormones (in a variety of locations, including the
blood and neural sites) to a range of compounds. Testosterone, for example, can
be aromatized (chemically converted) to 17 β-estradiol in certain neural
locations and reduced to 5α-dihydrotestosterone in other neural locations and
peripheral androgen-dependent tissues (e.g., the seminal vesicles; see Figure 4).
Adrenal steroids (because of their chemical similarities) are also often
interconverted.

A further complication is that one rarely sees single behavioral responses
in isolation. Behavioral elements (which may be individual actions or broad
categories of behavior) not only can
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interact (e.g., if an animal is showing fearful behavior, it is unlikely to explore)
but can be influenced by a variety of hormone-target relationships, some of
which can be common to several behaviors, and others exclusive.

FIGURE 4 Conversion by enzyme systems in different targets of testosterone
to 5α-dihydrotestosterone and estradiol-17β.
The final complication introduced into the scheme is shown in Figure 5,

reflecting the obvious fact that there are feedback relationships between many
of the subprocesses linking endocrine gland activities to behavioral elements. It
is well documented that behavioral experiences can have profound
physiological repercussions (see Brain and Benton, 1983). Further, it is difficult
to generalize across species and test situations or to infer common underlying
mechanisms (Brain, 1979a; Miczek and Krsiak, 1981). Brain et al. (1983) have
shown that the radically different laboratory tests used to assess murine
aggression produce very different pictures when common manipulations of the
gonadal system are attempted. It seems likely that these tests tap different
mixtures of motivations (see earlier). Brain (1981) has emphasized the complex
interplay between endocrine glands and the variety of target tissues that must be
considered in any investigation
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of hormonal involvement in aggression. It is certainly hard to assess the
roles of hormones in aggression because this area of research involves a great
number of "strong" and "weak" correlations between a difficult behavioral
concept (aggression) and the complex and subtly integrated endocrine system
(Brain, 1977).

One of the current difficulties of implicating hormones in agonistic
behavior is that much of the accumulated literature in behavioral endocrinology
is based on the traditional approaches of physiological psychology (see Carlson,
1977). Here, relatively crude (generally pharmacologic) manipulations of the
endocrine system are usually attempted via surgery, implantation, or injection,
and the consequences of the modification related to aggression are determined
in restricted situations. For example, large doses of testosterone have been
given to male chicks soon after hatching, and the effects on their aggressive
responding to a hand have been assessed (Andrew, 1975). Sigg et al. (1966)
were unable to demonstrate any action of repeated injections of 2 International
Units per kilogram of thyroid stimulating hormone (TSH) on social conflict in
male hypophysectomized (with the pituitary gland removed) mice. Suchowsky
et al. (1969) claimed that estradiol, when given repeatedly at high doses to pairs
of male animals, inhibited social conflict in intact and castrated albino mice
subjected to a series of tests. The estrogen clearly modifies odor characteristics
in such subjects. There are, in direct contrast, fertile developments in
ethopharmacology, where a tradition of inclusive measurement of behavior is
undertaken in animals who generally have options that are less restricted than
those seen in traditional laboratory tests for aggression. Further, a current trend
is to look for alternative explanations of hormone actions on behavior to those
interpreted as "simple" changes in aggressiveness. A more ethoexperimental
approach to behavioral description should enable us to assess the important or
fundamental behavioral correlates of hormonal changes.

It would also make sense to use the recently developed, less invasive,
sensitive assay techniques to measure as many different aspects of hormonal
function as are feasible (including changes in binding site populations as well as
titers of hormones). A second gain would follow from assessing behavior in
more sophisticated situations. It is, naturally, impossible to show the behavioral
impact of a particular hormonal manipulation in an inappropriate environment—
many of the effects of hormones important to animals in the wild may only be
apparent in more complex, familiar environments where the animal has the
possibility of expressing
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behavior in context. Progress may also depend on a willingness to be more
concerned about the temporal relationships between endocrine changes and
behavior. Much of what has already been described in the physiological
psychology relates to the acute correlation of hormonal change with behavior,
whereas it might be more fruitful to look at the organism more chronically and
attempt to relate patterns of endocrine fluctuation to life events (e.g., onset of
mating or assumption of a territorial habit). It should be possible to blend a
reasonable degree of scientific rigor with richer and more flexible arenas for
studying behavioral expression.

When commenting on the available literature, it seems worthwhile to stress
an earlier claim (Brain, 1981) that it would not be especially surprising if all
hormones alter some aspect of aggression in a particular species or a specific
situation. As mentioned earlier, hormones can have very diverse actions and can
change behavior in a variety of ways. Consequently, any modification of the
endocrine environment can have consequences (e.g., altered brain architecture,
increased body size, altered odor characteristics, or varied availability of energy
substrates) that can change the probability of recording activities capable of
being judged violent or aggressive. This having been said, certain hormone-
behavior correlations are stronger than others. There is little doubt that the
hormones associated with the HPA and HPG axes are more likely to have
lasting impacts on behavioral development and concurrent behavioral
expression than most other endocrine factors. At this state of our knowledge,
perhaps only the hypothalamic-pituitary-thyroid axis, adrenomedullary
hormones, and hormones that produce large changes in blood sugar levels (e.g.,
insulin and glucagon) are worthy of additional consideration. It is my belief that
new studies in this area will tap a wider range of endicrine measurements and
that they will be especially directed to the so-called metabolites of peptide and
steroid hormones. One will also have to pay considerably more attention to
changes in binding site populations in receptors, and to the rates of metabolic
conversion and the clearance rates of hormones and their products.

The basic subdivisions of material referred to earlier are used in the
following sections, with material on nonprimate vertebrates, infrahuman
primates, and humans being presented separately.
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EARLY PROGRAMMING EFFECTS OF HORMONES

STUDIES ON NONPRIMATES

The frequently recorded sex differences in aggressiveness (see Brain,
1979b) in a variety of situations may reflect variations in the early patterns of
endogenous sex steroid secretion and/or adult production of hormones.
Androgens have developmental effects in early life when they alter the capacity
of the animal to react aggressively in adulthood (Leshner, 1981). The presence
of androgens in the mature animal is also a necessary prerequisite for the
display of this form of behavior. Dixson (1980) stated that the neural
mechanisms that mediate patterns of sexual and aggressive behavior in rodents
are profoundly masculinized and defeminized by the influences of androgens on
the developing brain (note that masculinization and defeminization are different
processes). Male or androgenized but genetically female rats (Rattus 
norvegicus) not only need higher doses of estrogen to produce female-typical
sexual responses (e.g., lordosis) than nonmasculinized females (van de Poll and
van Dis, 1977), but also fail to respond to testosterone by showing this behavior
(van de Poll et al., 1978). The vast majority of studies relating neonatal
hormone applications to adult aggressive behavior have employed traditional
"aromatizable" androgens (i.e., those that can be metabolized to estrogens in
target tissues including the CNS). Male rats and house mice (Mus musculus
domesticus) show a greater potential for aggressiveness than female
counterparts because endogenous hormone secretion by the testis occurs earlier
than that by the ovary. The early surge of testosterone was said to "create" the
neural circuitry of male rodents from the "undifferentiated" (female) condition.
Recently revealed complications in this process are considered in Aron et al.
(1990), Brain and Haug (1990), and Goy and Roy (1990).

Many authors have found that testosterone propionate treatment of
neonatally castrated male (vom Saal et al., 1976) and female (Mugford, 1974)
mice results in these animals showing much higher incidences of fighting in
adulthood than counterparts treated with control injections. It seem reasonable
to conclude that (in rodents at least) testosterone plays an important role in the
genesis and maintenance of some forms of aggressive behavior. One should
note, however, that in some species and situations, no sex differences in
testosterone-mediated aggression are apparent. This is certainly and pertinently
true of same-sex encounters in certain strains of rats (van de Poll et al., 1981).
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TABLE 1 Synopsis of the Effects of Early Treatments with Aromatizable Androgens
(e.g., testosterone (T) and androstenedione) on Social Conflict
Class Species References Effects
Pisces Xiphophorus

variatus (platyfish)
Laskowski, 1954 Augments in female

Aves Gallus domesticus
(chicken)

Andrew, 1975 Augments in male

Anas platyrhynchos
(domestic duck)

Balthazart and
Stevens, 1975

Augments in male

Mammalia Mouse Edwards, 1968,
1969, 1971

Augments in
ovariectomized, T-
treated female

Mesocricetus
auratus (golden
hamster)

Payne, 1976 Augments in
gonadectomized, T-
treated males and
females

Macaca mulatta
(rhesus monkey)

Joslyn, 1973 Augments in female

The fact that early exposure to testosterone (or other aromatizable
androgens) increases aggressiveness in a wide range of nonhuman species in
emphasized in Table 1. There are considerable species differences in the roles
of hormones influencing prepubertal aggressive behavior (Brain, 1978), with
the data suggesting that lower vertebrates (such as fish, reptiles, and rodents)
are more likely to show hormonal dependence than subjects such as dogs and
primates. Although this may be interpreted as a phylogenetic change, one
should caution that the longer life span of the less hormonally dependent
species may play a role. Certainly primates are more likely to have acquired a
range of social experiences before castration or steroid hormone treatment than
are rats and mice.

There have been some truly excellent studies on the intrauterine location
phenomenon that have added greatly to our knowledge (see review by vom
Saal, 1990). The positioning of the fetus during intrauterine development is an
important source of variation in the hormonal titers to which both developing
male and female rats and mice are exposed. Vom Saal and Bronson (1980)
found that fetuses of male mice on day 17 of gestation have three
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times the amount of circulating testosterone seen in their female counterparts.
Intrauterine position in relation to male and female peers may, by changing
early sex steroid exposure, consequently influence the potential for different
types of behavior in adult mice (vom Saal, 1983). This has been confirmed in
that 2M (developing between two males) female mice are aggressive toward
and establish dominance over 0M (developing between two females)
counterparts (vom Saal and Bronson, 1978). Further, after treatment in
adulthood with testosterone, 2M female rats exhibited more mounting of
receotive females than did 0M counterparts (Clemens et al., 1978).

It is well established (Brain et al., 1983) in rodents that the impact of
castration on aggression becomes less evident in experienced fighters, which
suggests that learning overrides hormonal influences. This having been said,
there is also some evidence (in mice) that stimulation of gonadal function (e.g.,
by breeding activity), without the opportunity to fight, reduces the ease of
demonstrating suppressed fighting postcastration. Perhaps some of the
androgen-induced changes in aggressiveness are relatively persistent once
generated?

There is also evidence that early exposure to stress (perhaps including the
hormones of the pituitary-adrenocortical axis) modify the adult behavioral
potentials (in terms of aggressive and emotional activities) of rats and mice
(reviewed in Chevins, 1989).

INFRAHUMAN PRIMATE STUDIES

Goy (1968) studied the effects of early exposure of nonhuman primates to
testosterone. Prenatal exposure to testosterone propionate masculinized the
external genitalia of female rhesus monkeys and increased their rough-and-
tumble and chasing play, features that are usually more typical of the male.
Eaton et al. (1973) demonstrated that augmented aggression was still evident in
ovariectomized and androgen-treated female adults who had been exposed
neonatally to testosterone. Dixson (1980) reviewed the available data on such
studies and concluded that "androgen administered prenatally has important
consequences for behavior, including aggressive responses, in female rhesus
monkeys." He suggested that testosterone (a major androgen in the circulation
of fetal rhesus monkeys), which is present in much higher concentrations in
males than females (Resko, 1974), influences brain development. Since
progesterone is present in higher concentrations in female rhesus monkeys than
in males (Resko, 1974), it
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has been suggested that it protects the female's developing brain from
masculinization. Dixson (1980) suggests (not unreasonably) that it is important
(given the variability within the order) to assess whether these relationships
hold in other species of primate. Marmosets and tamarins (Callitricidae) might
prove useful because of their tendency to produce twins and the possibility that
sexual differentiation is delayed until after birth in such species.

HUMAN DATA

Meyer-Bahlburg (1980) and Meyer-Bahlburg and Ehrhardt (1982)
comprehensively reviewed studies on the lasting impact of variations in early
hormone exposure on human aggressiveness. Tables 2 through 4 provide
synopses of data involving endocrine syndromes (partial androgen insensitivity
and congenital adrenal hyperplasia) and treatment with hormones (generally to
reduce the probability of miscarriage) created by Meyer-Bahlburg and Ehrhardt
(1982). There are few reliable data on the incidences of those syndromes in
particular populations (these are anyhow quite variable in their degree of
severity), but their importance is not as potential causes of problems in society
but as indicators of the normal biological mechanisms that influence behavioral
differences between the sexes. The 5α-reductase deficiency syndrome (which is
cited later) seems very rare, being associated with 38 hermaphroditic
individuals born to 23 interrelated families in two inbred mountain villages in
the Dominican Republic.

Although many of the data are characterized by small sample sizes, Meyer-
Bahlburg (1980) suggests that exogenous sex hormones that slightly increase
aggressiveness in females produce some degree of genital masculinization. He
felt that the data from girls and boys resulting from treating toxemic
pregnancies with progesterone were inconsistent. There was, however, some
evidence of decreased aggressiveness in boys from diabetic pregnancies
exposed to progestogen-estrogen combinations and from boys and girls treated
with medroxyprogesterone acetate (MPA). It is, of course, uncertain precisely
how such behavioral effects are generated since features such as parental
rearing styles, degree of exercise, and changes in the musculoskeletal system
are involved in such phenomena and are likely to be influenced (directly or
indirectly) by early hormonal factors. Early exposure to androgens is said to
modify temperament, increasing it in the direction of "impetuous and active."
Olweus (1984) has suggested that this factor
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has a weak direct action on the aggression of boys and, indeed, may have a
stronger indirect action on this potential by increasing the mother's
permissiveness for aggression (by exhaustion?).

HORMONES AND PUBERTY

STUDIES ON NONPRIMATES

In most species investigated, the prepubertal male is markedly less
aggressive than his mature counterpart in a variety of situations. Maturation of
social aggressiveness in the male mouse has been described (Williams and
Scott, 1953–1954; Brain and Nowell, 1969; Cairns, 1972; Bernard et al., 1975;
Barkley and Goldman, 1977). Indeed, the increased aggressiveness and the
surge of androgens that precede puberty have been correlated in mice
(McKinney and Desjardins, 1973). Similar maturation effects have been
claimed in the domestic cockerel (Gallus domesticus; Sharp et al., 1977); the
golden hamster (Mesocricetus auratus; Goldman and Swanson, 1975), the
Mongolian gerbil (Meriones unguicalatus; Kaplan and Hyland, 1972), and
guinea pigs (Cavia porcellus; Willis et al., 1977). There are also puberty-related
increases in pituitary and plasma luteinizing hormone in many organisms. In
some seasonally breeding species, this gonadotropin may exert a direct effect on
fighting propensity (reviewed in Brain, 1977; see below).

Puberty is also associated with changing body signals (visual and
olfactory) in many species, which may be related to hormones and can partially
account for the changed fighting behavior. In many species, the anabolic (body
size-increasing) effects of male sex hormone account for a surge in growth
around the time of puberty. Threat and attack behaviors in lower vertebrates
may be related directly to body size. Archer (1988) has also suggested that
androgens influence the ''distractibility" of animals, rendering males more
repetitive and "single-minded" in their activities than females. This change may
also have a role in attack behavior.

INFRAHUMAN PRIMATE STUDIES

Dixson (1980) reviewed the data concerning puberty and aggression in a
range of primate species. Field studies indicate behavioral changes during
adolescence in male primates, but further research is needed on this topic
(especially since the available evidence does not support any simple conclusion
about the effects
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of androgen on aggressive behavior). Prepubertal castration does not preclude a
male from occupying a high-ranking position in a social hierarchy, and
androgen therapy does not inevitably enhance aggressiveness or dominance in
captive rhesus monkeys. Perhaps androgens influence patterns of "aggressive
play" (Symons, 1973; Owens, 1975), which enable the monkeys to practice
patterns that will be useful in adult life?

HUMAN DATA

Roberts (1990) has recently reviewed the general parallels between
violence in young primates and those seen in our own species. Some of the
parallels are extremely striking. Predictors of adolescent, teenage, and adult
violence in humans are complex (Farrington, 1989). The best predictors appear
to be measures of economic deprivation, family criminality, poor child rearing,
school failure, hyperactivity-impulsivity-attention deficient, and antisocial child
behavior. In looking for biological predictors, however, Hamburg (1971) failed
to find a clear relationship between testosterone levels and aggressive behavior
in postpubertal boys. In spite of this, Benson and Migeon (1975) reviewed the
physiological and psychological changes occurring around adolescence and
puberty in human males. They noted marked changes in serum levels of LH and
follicle stimulating hormone (FSH), as well as sex steroids from the testes and
adrenal cortices, and tentatively implicated these in the development of a
"rebellious attitude" around this time. Hays (1978) provided a review of
strategies for studying psychoendocrine aspects of puberty. She speculated that
changes in hypothalamic LHRF, which occur around puberty, may (by altering
mood) induce sexuality and hostility in our species. She also felt that the
involvement of androgens in behavioral changes could be studied by comparing
pubertal status of highly aggressive and nonaggressive boys of the same ages.
Hays noted that developmental changes are evident with respect to thyroid
releasing factor, TSH, prolactin, and somatotropic hormone and that these
factors may alter mood and hence aggression. She pointed out four important
conclusions from the (then) available data:

(1)  Mood changes induced by hormones may be consequences of the
instigation of "drives" that have no socially acceptable outlet in young
people.

(2)  Development may involve changes in behavioral sensitivity to
hormones as well as changes in the hormones per se.
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(3)  All studies should consider the effects of circadian rhythms on
hormonal secretion.

(4)  Interactions between hormones may prove more important than titers
of single hormone.

These points are equally valid today.
Archer (1990) has reviewed recent developments in this area. He notes that

the only studies that measure hormonal levels and aggressiveness at or soon
after puberty in human males are those of Olweus et al. (1980), Mattson et al.
(1980), Olweus (1986), and Susman et al. (1987). The basic data from these
nonlongitudinal studies are extracted in Table 5. Olweus (1986) noted
particularly that the items involving responses to provocation from his physical
and verbal scales correlated best with plasma testosterone. In contrast, Eccles et
al. (1988) studied hormones and affect in early adolescence, and recorded that
increased levels of androgens were not correlated with increased levels of anger/
impatience or aggression.

There has been great interest in the claim that pseudohermaphroditism with
changed gender identity and role at puberty may be a consequence of a deficit
in 5α-reductase activity (an enzyme that converts testosterone to
dihydrotestosterone). There are conflicting claims about the relevance of these
data to the debate about the biological versus environmental determination of
gender in our species (Aron et al., 1990; Gotz et al., 1990; Money, 1990).

What of other hormones? Magnusson (1987), in a Swedish study of 82
boys at 13 years of age, found negative correlations between aggressiveness/
restlessness and urinary secretion of adrenomedullary epinephrine under both
active and passive conditions. This supported the more general finding of a
positive correlation between good social and personal adjustments and elevated
epinephrine excretion. Even more intriguingly, there was a strong inverse
relationship between epinephrine excretion by these 13 year olds and their adult
delinquency at age 18 to 26. More detailed statistical analysis showed, however,
that the changes in epinephrine levels were more closely related to motor
restlessness than to aggression. Highly aggressive individuals who are not
highly restless have about the same epinephrine levels as subjects who are
neither restless nor aggressive. Magnusson (1988) reviewed these data and
warns that the traditional mechanistic model tending to view epinephrine
excretion as the cause of both conduct in a current perspective and adult
delinquency in a longitudinal perspective is probably inadequate. He suggests
considering
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individual subsystems (e.g., cognitions, emotions, physiological factors,
and conduct) that are in constant reciprocal interaction and influence each other
in current processes with developmental consequences. Simultaneous
appearance of low epinephrine level, elevated aggressiveness, and substantial
motor restlessness at an early age in subjects later involved in crimes does not
necessarily show that these factors are causative or that they have a common
etiology. Similar considerations apply to many of the other hormone-behavior
associations mentioned here.

Further, Levander et al. (1987) studied 40 recidivists in a Swedish state
institution for delinquent males and compared these individuals with 58
"normal" school boys. In spite of the stressful backgrounds of the former, they
showed patterns of stress hormone production suggestive of very low
psychophysiological arousal. In this group, the common deviant
psychoendrocrine pattern consisted of low epinephrine, norepinephrine, and
cortisol, with high thyroid hormone levels. Different behavioral subtypes
showed different hormonal profiles. Half the subjects had a history of
hyperactivity associated with low epinephrine. Levander et al. speculate that
elevated thyroid levels represent a compensatory mechanism attempting to
correct the deviance in norepinephrine and, to some extent, epinephrine turnover.

Thus, although the available data are sparse, it does seem likely that
longitudinal developmental studies involving multiple measures of hormones
and varied ratings of aggression are yielding fruitful material.

INFLUENCES OF SEX HORMONES ON ADULT
AGGRESSIVE MOTIVATION

The repeatedly demonstrated effects of hormones on behavioral motivation
imply that these chemicals have direct actions on the CNS. Brain (1977) has
reviewed the lines of circumstantial evidence for such actions on the brain. The
following have been suggested:

(a)  Some steroid treatments cause morphological and/or receptor
population changes in neural structures.

(b)  Hormones are sometimes more behaviorally effective when placed in
particular neural loci.

(c)  Neural regions commonly accumulate specific behaviorally active
hormones, a process that can be detected by injecting radioactively
labeled hormone and then carrying out autoradiographic examinations
of brain sections of treated animals. Pfaff (1971) has shown that major
concentrations of neurally located sex steroids are found in the
hypothalamus, the preoptic area, and the septum. Specifically, Naess
and Attramadal (1974) documented the medial preoptic nucleus,
periventricular nucleus, paraventricular nucleus, septal region, medial
amygdaloid nucleus, and ventral premammillary body as accumulating
androgens in rodents. The binding characteristics of neural regions that
concentrate these compounds can also be altered by administering the
hormones in early life, which changes the organism's behavioral
potential (McEwen et al., 1970).
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(d)  Compounds alter neuronal activity in particular regions of the CNS.
(e)  Hormonal changes may be correlated with alterations in localized

neurotransmitters. There is ample evidence (see Brain, 1977–1979a)
that hormones (especially steroids) alter local concentrations of
neurotransmitters in the central nervous system and that some of these
changes can induce further modifications of endocrine activity (i.e.,
they may, in some cases, be part of the feedback mechanisms).
Hormones not only can change concentrations of neurotransmitters in
adult animals but can produce biogenic amine changes in the brains of
neonates and even alter neural enzyme systems in immature animals.

One should note that attempts to link hormonal actions to changes in
biogenic amines and other factors are much rarer in aggression research than in
studies involving sexual behavior (e.g., Meyerson, 1983). Changes in different
patterns of these biogenic amines have (in some cases) been related to forms of
aggressive behavior in rats and mice (reviewed in Daruna, 1978).

In line with the ethoexperimental approach, one should note that a number
of motivational systems may respond to a single manipulations of an animal's
endogenous hormones (Adams, 1980). Thus, patrolling-marking, male and
female sexual motivational systems and aggressiveness may all be
concomitantly changed by exposure to androgens and estrogens. One should
also note that other "sex" hormones (e.g., hypothalamic LHRF and pituitary
gonadotropins are being implicated in aggression and violence.

STUDIES ON NONPRIMATES

The many studies that have investigated the abilities of sex steroids to
maintain motivation for social aggression in mice (e.g., Brain, 1979b; Brain and
Bowden, 1979) are of relevance here. These hormones can be further implicated
in the modulation of aggressiveness
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by citing studies correlating endogenous titers with fighting and/or dominance.
The motivational states underlying such responses are not, however, identical to
spontaneous motivational states (e.g., those that serve locomotor activity;
Schallert, 1977).

The behavioral influences of androgens in male rodents may depend on
their metabolic conversion (Naftolin and Ryan, 1975). There are obvious
species and strain differences, but a compelling body of evidence has been
accumulated (Larsson et al., 1973; Parrott, 1975, 1976), suggesting that
testicular androgens are neurally converted into estrogenic metabolites before
motivating ejaculatory behavior in the rat. Brain and Bowden (1979) and Brain
(1983) have provided some support for the idea that androgens are similarly
neurally aromatized before having their motivational effects on fighting in "TO"
strain mice. Brain et al. (1983) have reported that natural (e.g., estradiol) or
(especially) synthetic estrogens (e.g., diethylstilbestrol) and aromatizable
androgens (e.g., testosterone) are the most effective compounds in terms of their
abilities to maintain motivation for social conflict in castrated mice. Since this
study, Simon and Whalen (1986) have suggested that the subject's genotype
strongly influences which sex steroids are implicated in the control of male
aggression in mice. The use of intact male stimulus animals also strongly
indicates that estrogen directly increases aggressiveness in mice (all rodent
studies in which estrogens suppress aggression depend on treating both intact
subjects with these steroids, altering their stimulus effectiveness as targets for
attack). Estrogens are implicated in the control of aggressive motivation in other
species or sexes of animals. Payne and Swanson (1972), for example, recorded
that attacks directed by castrated male golden hamsters toward intact male
opponents are restored by injection of the former animals with estradiol
benzoate. It is also of interest to note that Harding (1989) has shown that
androgens and estrogens interact to modulate social behaviors including
aggression in songbirds such as zebra finches (Poephila guttata) and red-
winged blackbirds, suggesting that the metabolic products of androgens are
important in such species also.

One should reiterate that other aggression models using rodents (especially
mice) give different associations between hormones and behavior. Conner et al.
(1983) have shown that shock-induced fighting has hormonal correlates that are
not too dissimilar from social aggression (e.g., sex differences are evident and
androgens have generally stimulatory actions). Svare, in an excellent series of
studies (reviewed in Svare and Mann, 1983; Svare, 1989), showed that the
major impact of hormones on maternal aggression
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is via their effects predisposing the animals receiving suckling stimulation.
Haug and Brain (1989) have compared and contrasted the attack behavior by
group-housed mice on lactating intruders with the more utilized social
aggression. They find that this form of attack produces a mirror-image
hormonal picture, with castration stimulating attack by males and replacement
with androgens or estrogens suppressing this "female" form of attack. One can
argue (with considerable justification) that we should attempt to learn as much
as possible about the endocrine correlates of many forms of rodent behavior.
Not only will there be a gain in theoretical knowledge, but because different
kinds of aggression in many species (including our own) are motivated
differently (see introductory material), we need such information.

Since this account considers agonistic behavior, it is worth mentioning that
avoidance of attack (which can be regarded as the other end of the spectrum of
activities that makes up agonistic behavior) seems much more influenced by
ACTH and the adrenocortical hormones (see Leshner and Roche, 1977;
Leshner, 1980). These studies should be extended because it is clear that "stress-
related" hormones are commonly released in social encounters, and it appears
that they may influence the progress and eventual outcome of interactions.

The hormonal bases of learning to be submissive or aggressive are of great
relevance but far from fully evaluated. Archer (1977) suggested that the
testosterone-induced increases in persistence in castrated mice may underpin
the effect of this hormone on intermale fighting behavior. Brain (1979a) has
reviewed some of the evidence in rodents that β-lipotropic hormone, ACTH
(more especially the 4–10 peptide sequence), melanocyte stimulating hormones,
and a variety of related peptides (e.g., enkephalins and endorphins) can alter the
acquisition and retention of a variety of reward- and aversion-mediated
responses. There is also some evidence that adrenal glucocorticoids influence
ongoing or subsequent avoidance reactions. One may consequently suggest that
one of the ways in which hormones influence aggression and violence is by
mediating learned responses associated with persistence, submission, and
avoidance. Consequently, one should look for interactions between hormonal
variations and subsequent responding. For example, markedly stressful
situations (even in our own species) could predispose individuals to show
avoidance, leading to social isolation and subsequent behavioral problems.
Anabolic steroids (androgens) might very easily increase persistence in body
builders.
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Because of the need to examine the effects of antihormones on
ethologically assessed behavior, several reinvestigations have recently been
conducted with rats and mice, in which the resultant behavior in a variety of
pairings has been analyzed in detail using videotaped records. These studies on
the antiandrogen cyproterone acetate, antiestrogens (tamoxifen and CI 680), and
progesterone are listed in Table 6. The basic conclusions are that cyproterone
acetate suppresses "hostility" in rodents only by reducing the production of
androgen-dependent "pheromones" (odor cues). Tamoxifen and CI 680, on the
other hand, seem to have real potential as antihostility agents in some forms of
attack as assessed in laboratory rodents. Progesterone (and progesterone
derivatives such as MPA) produce antiandrogenic effects, blocking the
production of gonadal and adrenal androgens in male animals. They also
possibly exert calming effects via an anesthetic action (P'an and Laubach,
1964), a property that has been said to account for the hormone's induction of
lordosis in rats (Meyerson, 1967).

It is interesting to note that Poshivalov (1982) reported that acute
injections of LHRF enhanced intermale social aggression in laboratory mice.
Lincoln (1987) similarly found that the LHRF agonist buserelin increased both
testosterone levels and aggressive behavior in male red deer (Cervus elaphus).

One should comment that the consequences of winning or losing
encounters on the HPA and HPG axes, as well as on the secretion of medullary
hormones in male lower vertebrates, generate patterns of changes that seem
likely to intensify dominance-subordination polarities and/or facilitate social
group living. The "winner" tends to show relatively augmented testosterone
(increasing male dominance and masculine cues), relatively reduced
adrenocortical activity (facilitating body weight increases and gonadal
function), and increased norepinephrine (again related to increased active
aggressiveness). The "loser" shows the opposite responses and generally
becomes more passive, ''learns" submissive responses, and elicits less attack.

INFRAHUMAN PRIMATE STUDIES

Dixson (1980) reviewed the data suggesting that intermale aggression
increases during the mating season in a number of primate species including
Lemur catta, Saimiri sciureus, and Macaca mulatta. It is established that
testosterone levels increase at this time. Dixson stressed that these correlations
do not demonstrate a causal relationship between changes in testosterone and
aggressive
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behavior. These associations rely on castration and androgen replacement
studies that have been carried out in very diverse ways (see Table 7). The
results show that although androgens exert some influences on aggressiveness
in some of these primates, the effects are variable and are often influenced by
social factors (especially in females). For example, Mirsky (1955) studied the
effects of implanting gonadectomized M. mulatta with pellets of testosterone or
estrogen. None of the treatments produced major effects on position in the
hierarchy or on dominant/subordinate behavior in unisexed groups of males or
females.

Somewhat in contrast to the data for nonprimates and humans, Doering et
al. (1980) reported that LHRF did not influence agonistic behavior in male
chimpanzees (Pan troglodytes).

HUMAN DATA

Brain (1984b) has critically reviewed the use of endocrine manipulations
in controlling human aggression (accepting earlier statements that this epithet in
humans is applied to a range of phenomena that are even more diverse than
those seen in rodents). Castration has been applied to curb sexual aggression in
Scandinavian and American populations. In spite of the considerable ethical
problems associated with its use and the fact that it changes many aspects of
physiology and behavior, such surgery has been claimed to produce
impressively low rates of recidivism (one should, of course, examine the
impacts of aging and perceptions of one's body here).

As noted earlier, therapies with hormones or antihormones are generally
more ethically acceptable than castration because they seem (in theory at least)
reversible. Estrogens have been used to control aggressive tendencies in intact
men. The synthetic estrogen stilbestrol has been given orally to treat
hyperirritable aggression and "excessive libido," but it has many unfortunate
side effects including gynecomastia (development of breasts), fluid retention,
and phlebothrombosis (production of blood clots), making its use problematic
(Dunn, 1941). Chatz (1972) and Field and Williams (1970) advocated
intramuscular or subcutaneous injections of long-acting estradiol BPC or
estradiol valerate, which allowed the release of otherwise highly dangerous
individuals. Both aggressive and sexual drive were essentially eliminated by
such treatment.

Antiandrogens (e.g., cyproterone acetate) largely replaced castration (see
later) and estrogen therapies in the treatment of European
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(aggressive?) sexual offenders. Berner et al. (1983) recorded treating 21
inmates of a Vienna prison with a combination of cyproterone acetate (100
milligrams (mg) per day orally for 1–10 years) and supportive psychotherapy.
Taking the drug had no effect on release from prison, and the rearrest rate for
sexual offenses was 28 percent in individuals that were followed up. There was
no comparison to inmates treated with psychotherapy only.

Progesterone derivatives (e.g., A-norprogesterone) and MPA have also
been used (especially in the United States) in clinical therapy of human
hostility. These compounds all reduce endogenous testosterone production or
action and are said to produce variable ameliorative effects on behavior. They
certainly have rather complex actions, are not without associated problems, and
seem currently to be used with less enthusiasm for a variety of technical, legal,
and ethical reasons.

In terms of actions, it is well established that cyproterone acetate blocks
endogenous testosterone efficacy by competing with 5α-dihydrotestosterone for
receptor sites (Mainwaring, 1975). In contrast, the antiestrogen tamoxifen binds
to intracellular estrogen receptors, prevents estrogen uptake, reduces the
estrogen surge characteristic of early pregnancy, and alters gonadotropin
production (Watson et al., 1975); it also produces dose-related declines in
cytosol high-affinity estrogen receptors in a variety of tissues including the
hypothalamus (Bowman et al., 1982). Consequently, antihormones can have
quite wide repercussions on the endocrine system. One has to add to this the
rider that categories of antihormones are not homogeneous. For example,
"antiandrogens" may be subdivided into "pure antiandrogens," "antiandrogens
with antigonadotropic effects," and "progestins.'' Administration of a pure
antiandrogen (e.g., flutamide) to an intact male increases LH production and
consequently augments plasma testosterone. Cyproterone acetate is an
antiandrogen with antigonadotropic effects that acts directly on the testis and
results in a decline in plasma testosterone. Progestins alter liver steroid
metabolism, augmenting the metabolic clearance rate of testosterone (Albin et
al., 1973). Some progestins are without apparent actions on testosterone uptake
and binding in target tissues, whereas others (e.g., MPA) have a minor
inhibitory action in this respect (Suffrin and Coffey, 1973).

Although there are strong indications that neural androgen receptors are
implicated in some forms of aggressive behavior, not all forms of "violence"
depend on such actions, and the details have been less systematically
investigated than in the case of sexual behavior (e.g., Massa et al., 1983).
Certainly, we do not
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know which neural androgen receptor populations are implicated in which
aspects of behavior, and we know relatively little about the enzyme changes and
transformations involved in androgen-mediated violent behavior. Sheard (1987)
maintains that treatment with medroxyprogesterone is "the most common
pharmacological approach [to the treatment of aggression] in the USA." The
material has also been much used in Canada. This compound has been used to
treat "aggression" in temporal lobe epilepsy. For example, O'Connor and Baker
(1983) used MPA as an adjuvant in the treatment of three males (22–40 years of
age) diagnosed as having chronic schizophrenia. In a double-blind study
involving staff evaluations of behavior with the Brief Psychiatric Rating Scale,
two of the patients who were assaultive showed significant dose-related (25–75
mg per week) drug improvements.

Many of the early attempts to correlate levels of testosterone with
aggression in hostile and nonhostile prisoners (reviewed in Brain, 1984b), for
example, have proved difficult to replicate. This seems related to the facts that
the behavioral measures (e.g., rating by courts or the individuals per se) were
often vague and divorced in time from the endocrine measurements (generally a
single plasma determination of testosterone, a hormone that is secreted in a
highly fluctuating manner, using samples that were taken in a "stressful"
fashion, potentially reducing testosterone secretion). Rather obvious
complications such as the incidence of homosexual activity in the populations
and alcohol consumption were not controlled.

What then of the current position? Archer (1990) performed a limited meta-
analysis on the five available studies that attempted to associate aggression as
measured on the Buss-Durkee Hostility Inventory (Buss and Durkee, 1957)
with plasma testosterone. The analysis suggested a very low but positive
relationship between testosterone levels and overall Buss-Durkee Inventory
score for the 230 males tested over the five studies. Social environment was
more highly correlated with testosterone level than this score, and there was a
closer association between aggression and the hormone when external
assessments of the subject's behavior (rather than self-assessments) were made.

One should note that the Buss-Durkee scale is intended to measure
aggressive feelings rather than aggressive actions. Indeed, Buss-Durkee factor
II (the item correlated with testosterone in the above studies) is a composite of
several measures, and there is little evidence of its relevance to violent or
dominant behavior. Unfortunately, violent individuals rarely fill out
questionnaires at
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the time of their violent actions! However, Langevin (personal communication,
1990) suggests that the perceptions of aggressive offenders are often very
different from their actual behavior. This is an obvious area for future study.

Langevin et al. (1985) performed a comprehensive pilot study on
predictive factors of sexual aggression in which hormones were examined as
factors (total testosterone, LH, FSH, estradiol, dehydroepiandrosterone sulfate
(DHAS), androsterone, cortisol, and prolactin). Adrenal production of sex
hormones (notably DHAS) seemed important in sexually aggressive males, and
it was felt that sex hormones other than testosterone may prove of relevance to
sexual aggression (see also the data on lower vertebrates). It may be possible to
distinguish sadists (abnormal LH and FSH) from rapists (elevated DHAS,
cortisol, and prolactin). Bain et al. (1987) failed to find significant hormonal
differences among murderers, assaulters, and controls but did suggest that
further study of the complex interactions of these factors is necessary. There
were indications that changes in LH and LHRF might be implicated in some
forms of violent behavior. Bain et al. (1988) studied baseline values of eight
hormones in sexually aggressive males and found no significant group
differences. In an ACTH stimulation test, however, sexual aggressives had
lower baseline values of DHAS than controls. These results appear more clear-
cut than most, probably because they focus on sexual aggression, distinguish
subcategories of this behavior, and seem prepared to measure a range of
hormonal factors. One would still like to establish whether these approaches
extrapolate to other populations and situations.

The so-called challenge tests of hormonal function were clinically
developed initially to assess the integrity of the endocrine system (primarily
with a view to detecting pathologies). Consequently, the function of the HPA
axis could be challenged by a stimulatory dose of ACTH or by suppression with
a synthetic glucocorticoid such as dexamethasone. It is thought that
measurement of hormones after such treatments gives one an indication of the
reactiveness of the particular endocrine system and may pick up differences
between individuals that are not apparent in the "basal" (unchallenged)
condition. One should comment that infrahuman animal studies suggest that
maximal information is extracted when one has both basal and challenge test
data. It is possible that varied endocrine reactivities are unrelated to ongoing
associations between hormones and behavior.

McEwen and Pfaff (1985) have emphasized that the effects of
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hormones on hypothalamic neurons can involve neurotransmitter effects and
neuromodulator actions including LHRF and prolactin. They speculate that such
interactions can be involved in processes such as the regulation of aggression.
So far as humans are concerned, Tiwary (1974) speculated that LHRF was
involved in behavioral change in a young child after testosterone treatment.
Such studies are, however, contentious because there is considerable debate
concerning the ethics of giving a synthetic analogue of LHRF (gaserelin,
Zoladex, ICI) to a pedophile in England (Brahams, 1988). The treatment was
said to suppress sexual urges in a way not evident with cyproterone acetate or
MPA.

Some more recent studies in our species have made use of competitive
sporting situations. Although there are problems with these data, they are
suggestive. Mazur and Lamb (1980) studied testosterone responses 1 to 2 hours
after performance in a tennis doubles match for a cash prize, after obtaining a
similar prize by lottery, and after success in medical degree examinations.
Testosterone levels were elevated in the successful tennis players (compared to
the losers) and the recipients of an M.D. degree but not the lottery winners.
They suggest that when a male achieves enhanced status via his own efforts,
both mood and testosterone levels are elevated. Elias (1981) measured cortisol,
testosterone, and testosterone binding globulin in 15 males at three times in
relation to wrestling bouts. Concentrations of both hormones increased during
the bouts, but the binding globulin decreased in concentration. Winners of these
competitive matches showed greater increases of both hormones than losers of
the bouts. Salvador et al. (1987) carried out a pilot study on young male judo
competitors in which plasma testosterone and cortisol were also measured.
Winning or losing per se did not change the levels of these hormones. These
authors did find, however, that previous personal success altered the response.
Members of a regional team showed increases in testosterone levels
postfighting that were not seen in individuals who had not been selected to
represent their locality. The authors also emphasized that physical exercise
alone could increase plasma testosterone levels.

Gladue et al. (1989) studied changes in testosterone and cortisol (assessed
in saliva by immunoassays) in 40 young male U.S. subjects (18–34 years of
age) in response to a nonathletic laboratory reaction time task. Subjects were
randomly assigned to "winning" or "losing" categories by varying the computer
feedback they received. Within the winning and losing categories, contests
could be "close" or "decisive." Postcompetition mood was also assessed.
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Winners had higher overall testosterone levels than losers, there being no
significant difference between close and decisive wins. Winning and losing had
no measurable effect on saliva cortisol measures. Mood was depressed in
decisive losers compared to all other categories. The data suggest that the
perception of winning or losing differentially influences testosterone output as a
consequence of changing mood and apparent status.

Julian and McKenry (1989) suggested (on the basis of sociobiologic
theory) that lower levels of aggression are most adaptive for men, particularly at
midlife. They consequently studied 37 middle-aged (39–50 years of age)
professional males from the American Midwest and used radioimmunoassay-
determined serum measures of testosterone as the dependent variable. It was
found (by using stepwise multiple regression analysis) that low testosterone
titers related to enhanced marital and parental relationships and androgynous
behavior. High levels of testosterone were significantly related to emotional
expressiveness.

One should perhaps add that there have been repeated (rather anecdotal)
suggestions that the anabolic steroids used illegally by some athletes may have
a much more profound effect on aggression and hostility than they do on
muscle development. There have even been claims from Sweden that the self-
administration of these substances played a role in the homicidal behavior of
weight lifters or body builders (especially when combined with alcohol
ingestion). It seems appropriate to suggest that this claim should be properly
evaluated in controlled studies. Any clear association would be a powerful
incentive to regulate these substances more widely than at present.

Jeffcoate et al. (1986) studied relationships between dominant behavior
(assessed by attendant females) of four males sharing a boating holiday of 14
day duration. This very preliminary study suggested a positive relationship
between testosterone level on the boat and the rating of dominant behavior.
Hellhammer et al. (1985) measured salivary testosterone levels in young males
before, during, and after films containing erotic, sexual, stressful, aggressive, or
neutral material. Short-term increases were found 15 minutes after exposure to
erotic or sexual films. A decrease was found after exposure to stressful material,
but the aggressive film produced no change.

Archer (1990) has emphasized the essentially correlational nature of the
existing evidence linking androgenic hormones and measures of aggression in
humans. He suggests that future research might involve more extensive
longitudinal studies (as in
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Olweus et al., 1988) or the manipulation of hormone levels as in investigations
of human sexual behavior (e.g., Sherwin et al., 1985). Archer (1990) also
suggests that the current methods of measuring aggression are confused and
inadequate, often being based on rating scales that measure traits rather than
states. Archer advocates (where appropriate) using direct assessments of
aggression. Rating by peers, teachers, and staff may be useful in some cases,
but one could also employ direct responses to provocation (e.g., Olweus, 1986),
diary accounts of anger (Averill, 1982), anger inventories (Siegel, 1986), or the
Conflict Tactics Scale (Straus, 1979), which involves asking the subject to rate
how often they use particular strategies to solve conflicts. It is not unreasonable
to suggest that a broad approach should be taken before attempting to
standardize techniques.

It seems unlikely that androgens have a simple causal effect on human
aggression and violence, but the patterns of production of sex steroids do appear
to alter several factors (e.g., "aggressive feelings," self-image, and social
signaling) that predispose individuals toward carrying out actions that can
receive this label. Because environmental and experimental factors can
profoundly influence androgen production in a wide range of organisms
(including man), the impact of such variables on the incidence of violence
should be assessed.

The basic methodological problem with the majority of data claiming to
examine the relationship between androgens and violence has been the
assumption (even if this is refuted) that there will be a simple causal
relationship between these "male hormones" and this "masculine" behavior.
Consequently, attempts have been made to correlate relatively crude measures
of hormones (often without considering the time course of changes and the
possibility of metabolic transformations) with proposed indices of aggression
(ranging from actual behavior in animals to court records, peer evaluations, self-
evaluations, questionnaire techniques, and responses to staged situations). The
numbers of individuals employed and the homogeneity of the categories are
also often open to question. There seems to be an urgent need for a much more
sophisticated approach.

BODILY RHYTHMS AND VIOLENT BEHAVIOR

At several times in this account, we have touched on the fact that bodily
rhythms (circadian, sex-cycle related, or seasonal) can have powerful effects on
endocrine functioning and consequently
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on behavior. There is ample evidence from studies with lower vertebrates and
infrahuman primates (see Brain, 1977–1979a) that associations between
hormones and changes in aggressiveness can be demonstrated in both male and
female organisms. It seems especially relevant to comment on the repeated
suggestion (see reviews by Dalton, 1964; Lloyd and Weisz, 1975; Bardwick,
1976; Steiner and Carroll, 1977) that the increased hostility and irritability of
some females evident in the premenstrual tension (PMT) syndrome has a
hormonal component. Various authorities have implicated prolactin,
progesterone, testosterone, or even aldosterone (an adrenal hormone that
influences water and electrolyte balance). Although hormones may play a role
in sensations of discomfort, it seems unlikely that "raging hormones" alone
account for the violence sometimes associated with the female reproductive
cycle—factors such as membership in religious groups and expectancy of PMT
symptoms have a bearing on how individuals react to their physiological
changes.

What of the male? It is certainly true that some lower vertebrates and
infrahuman primate males show seasonal changes in HPG function that can be
related to changes in aggression associated with reproductive activity. Although
the cycles of male reproductive hormones are not as obvious as those of the
female, there is some evidence of cyclicity (with acute variations) in some
animals (e.g., cattle). Sex may certainly influence gonadal function in men. A
study of 101 college volunteers has suggested that testosterone titer is positively
associated with the number of orgasms achieved through masturbation (Monti
et al., 1977) but that there is little relationship among the hormonal change, the
Buss-Durkee Hostility Inventory, and a rating for "attributed aggression." Frodi
(1977), in a study on 80 college freshmen, found that sexual arousal inhibited
aggressive behavior mediated by deliberate angering, possibly as a consequence
of an elevation of "anger-induced self-consciousness."

ADRENOMEDULLARY FUNCTION AND HUMAN
AGGRESSION

In line with the studies on boys by Magnusson (1987, 1988), Woodman
(1983) has reviewed the predictive power (in terms of assessing dangerousness)
of examining the ratio of norepinephrine to epinephrine in response to a period
of anticipation in a variety of incarcerated 18- to 45-year-old males (with no
evidence of brain damage, renal dysfunction, or sensory defects, and a verbal
I.Q.
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greater than 80 on the Wechsler Adult Intelligence Scale (WAIS)). It was found
that subjects with convictions for only violent crimes have a higher ratio of
these adrenomedullary hormones than either subjects with a mixed violence and
property crime background or those with convictions for sexual offenses.
Woodman (1983) suggests that this finding supported the view that increased
norepinephrine production (relative to epinephrine) "is found in more
aggressive personalities."

"INDIRECT" EFFECTS ON AGGRESSION AND
HOSTILITY

It is obvious, when reading the literature on associations between
aggression and hormones in lower vertebrates, primates (see Dixson, 1980), and
humans, that many of the associations are mediated via changes in the social
signals employed between conspecifics (Brain, 1977–1979a). Barnett (1967)
defined a "social signal" as "a small amount of energy or matter which induces
a large change in the rate of energy release in a system, and it is produced by an
animal and acts on another of the same species." Somewhat in contrast, Poole
(1985) suggested that a "social signal is behavior which has evolved to convey
information to a conspecific with the object of modifying its behavior for the
benefit of the signaller." The latter author felt that there were basically two
types of social signals, namely, discrete and graded. The alarm call of a ground
squirrel (Spermophilus parryi) is a discrete signal. Aggressive vocalizations and
threat displays, however, generally consist of a series of graded signals. Indeed,
threat has been defined as a signal that potentiates withdrawal of a conspecific
(Barnett, 1975), and one would expect the use of different intensities of display
for different purposes. A comparative approach to social communication has
revealed the great variety of signaling methods used by different species.

The endocrine system can serve as a "go-between" in such social
communication. Kelley (1981) has described three ways in which endocrine
mediation may be involved in social signaling. These are described separately
below.

EFFECTS OF HORMONES ON PERCEPTION

The term "perception" refers to the processing of sensory input by the CNS
(Gandelman, 1981). It is important to distinguish between the processing of
information that is involved in the perception of an individual relationship in a
given situation and
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the mechanisms involved in the elaboration and execution of a behavioral
"project."

Perception is frequently assessed in routine clinical examinations. This is
not because of an identified need to collect specific information on this
important area of human performance, but is due rather to the clinically
outmoded notion that the perceptual apparatus is particularly liable to brain
damage (reviewed by Thomas et al., 1981). Hormones also alter perception in
humans, possibly accounting for some behavioral changes. An animal's
hormonal status certainly may affect its perception of stimuli that might act as
social signals. Hormones can be regarded as acting on situational factors by
altering the perception of signaling between conspecifics (Brain, 1983).
Evidence for hormonal involvement in perception has been obtained for all the
major sensory systems.

EFFECTS OF HORMONES ON SIGNAL GENERATION

Hormones may also alter the production of signals that serve social
functions. The most frequently modified signals are somatosensory, olfactory,
visual, or auditory. In many species, such signals have a profound effect on
aggression (e.g., anosmic rodents do not fight, and conflict depends on the
receiving of appropriate olfactory cues). Since it is certainly true that hormones
modify both the perception of cues and the generation of potential signals in
humans, it seems well worth examining the possibility that hormones can exert
such indirect effects on aggression in our species also. It is worth adding that
there is evidence that certain drug actions certainly are expressed in this
manner. One of the ways in which alcohol influences human aggression is by
interfering with rational social communication, leading to effects such as the
"battered alcoholic syndrome." There have been virtually no attempts in clinical
studies involving aggression to assess the impact of hormones in this way. This
seems to be a rather obvious omission.

EXPERIENCE-INDUCED CHANGES IN HORMONAL
STATUS OF THE RECEIVER

There is good evidence that signals expressed by the behavior of
conspecifics can alter the functioning of their recipient's endocrine system.
Workers (e.g., Lehrman, 1965; Silver, 1983) have found that behavior produces
endocrine changes in a variety of
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bird species. Harding (1981) also presented several examples of this kind of
interaction from her work with hamsters. She observed, for example, increases
in plasma prolactin and LH levels after mating in this species. Brain (1989b)
has recently reviewed the evidence that fighting and (more specifically)
subjection to defeat can produce wide-ranging repercussions in the endocrine
systems of rodents (see below).

HORMONE-AGGRESSION CORRELATIONS IN MAMMALS

Although we have already touched on the topic of correlations between
measures of aggression and titers of hormones, there are some studies in which
the relationship can be regarded as more remote than in injection-behavioral
analysis studies. The data presented are remote because aggression and the
particular endocrine factor are presumed (rather than measured), and there is
little hope of establishing whether direct or indirect hormonal influences are
involved. Such studies provide, however, useful further pointers (reviewed in
Brain, 1977–1979a).

These wide-ranging investigations (reviewed in Brain, 1977–1979a)
involve species differences (e.g., von Euler, 1956); domestication (Popova et
al., 1980; Hammer et al., 1990); sex differences (Archer, 1976); variations in
genetic constitution (Selmanoff et al., 1975); maturation (Bernard et al., 1975);
body size (Barr et al., 1976); housing condition (Brain and Benton, 1983);
reproductive status, including seasonal changes (Rose et al., 1978), sexual
cycles (Floody and Pfaff, 1977), pregnancy (Svare, 1977) and lactation (Haug
and Brain, 1989); photoperiod (Balthazart and Hendrick, 1977); diet (Schultz
and Lore, 1987); endocrine dysfunction (Tonks, 1977), and behavioral
stereotyping (Wehle et al., 1978). The implied associations are complex but
involve many species and varied endocrine factors.

INFLUENCES OF FIGHTING ON ENDOCRINE
FUNCTION IN MAMMALS

Brain (1990a) has reviewed the hormonal impact of threat and fighting in
rodents. He pointed out that the stress of fighting or defeat in rats and mice can
produce temporally complex changes in hypothalamic releasing factors (LHRF
and thyrotropin releasing factor); anterior pituitary hormones (TSH, ACTH,
LH, and FSH); thyroid hormones; adrenomedullary catecholamines (e.g.,
epinephrine); adrenal glucocorticoids (e.g., corticosterone); and sex steroids. In
general, adrenocortical hormones are increased and sex steroids
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reduced by such exposure. Dixson (1980) has also reviewed the available data,
suggesting that in some infrahuman primates the stress of defeat produces a
marked reduction in circulating androgen levels. Archer (1990) points out that
stressful experiences (including aggression) can lead to reduced testosterone
levels in humans. It is not at all unlikely that such stressors influence as wide a
range of hormonal factors as those evident in rats and mice.

HORMONES, ALCOHOL, AND VIOLENCE

There is clearly a complex impact of alcohol on levels of violence in U.S.
and U.K. populations—the associations are generated by alcohol influencing a
variety of processes and perceptions (Brain, 1986). Acute or chronic alcohol
ingestion has major impacts on neurophysiology and endocrinology (Berry and
Brain, 1986). With particular relevance to the present study, ethanol changes the
levels of endogenous opioids and other peptides, lowers blood calcium level,
alters carbohydrates metabolism, increases pituitary adrenocortical function,
and profoundly reduces the secretion of LHRF, LH, and testosterone. The last
finding suggests that alcohol does not increase aggression by augmenting
androgen release, but combinations of alcohol and androgens may be especially
lethal. It is likely that certain alcohol-related increases in aggression and
violence are more concerned with inappropriate processing of information or
signaling rather than disinhibiting aggression. There is evidence that some
endocrine disorders predispose individuals to ingest alcohol.

CONCLUSION

These are exciting times for studies attempting to relate hormones to
aggressive and hostile behaviors. The approaches are moving away from the
highly simplistic view that particular hormones switch aggressiveness on and
off, to acceptance that these chemical factors play complex roles at a variety of
stages of development in particular species and in particular contexts by altering
the predisposition to produce activities that are likely to receive the labels
aggressive or hostile. Although such associations are much more plastic than
the old truisms, they are no less important.

Genuine progress in this area (which has lagged in sophistication behind
developments in the study of sexual behavior) is likely
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if the quality of the behavioral analysis (which should be as direct and as
detailed as possible) is matched to the sophistication of the endocrine
manipulations and measures. The techniques for hormone assays are well
developed for most current purposes, but it is obvious that we should look at a
much wider range of hormones. Although still a long way from realization,
nuclear magnetic resonance and magnetometry techniques might eventually
hold the key to noninvasively estimating what is going on in vivo in clinical
studies. In terms of research directions in the area of hormones and violence, it
is suggested that studies on nonprimates, infrahuman primates, and humans all
have utility to our understanding of the phenomena encountered in this research
area. In nonprimates, it is suggested that one can examine the range of
behaviors receiving the label aggression and can use molecular biologic and
neurophysiologic techniques (rarely possible in other animals) to consider
chemical transformations and hormone-brain interactions in greater detail. Such
animals also provide valuable pilots for assessing the impact of currently little-
investigated hormonal systems on aggression, as well as looking at associations
among genes/hormones/behavior, drugs/hormones/behavior, and environment/
hormones/behavior. Given current technologies, it should be possible to
noninvasively examine heart rate as an indicator of arousal in many of these
models. It should not be necessary to remind the panel that such studies should
not be interpreted as providing support for a mechanism of violence. Studies
with infrahuman primates are important not only because such animals have an
evolutionary affinity to our own species, but because they enable us to examine
the involvement of hormones over the life span in organisms that operate in
complex social organizations. It is strongly advocated that early influences of
hormones on subsequent behavioral potential be reexamined by using such
species in well-controlled investigations that employ reasonable numbers of
animals and look at alternative explanations (e.g., do primate mothers treat their
androgenized female offspring differently?). The impact of hormonal changes
around puberty should also be reinvestigated along with a more systematic
evaluation of the impact of a range of hormonal and antihormonal treatments.
So far as humans are concerned, there is an urgent need to perform multiple
hormonal measurements (preferably using saliva samples to reduce stress
effects) in well-evaluated, homogeneous groups of individuals. Multiple
behavioral measurements concerning ongoing behavior are distinctly
advantageous. Measuring hormones over the life span might be a valid aim, but
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it is difficult to see how this could be achieved without great personal
interference and ethical problems (do you jail a person for excess hormone
production?).

Finally, it should not be assumed that one can consider the impact of
hormones on such behavior without being cognizant of the contributions of
environmental factors, social experience and other biological factors (e.g.,
genes, neural circuits, and drugs) to the generation of those activities that
(rightly) cause such current concern.

The major public policy implication of the review is that there is not a
simple relationship between any hormone and behaviors that will receive the
labels aggression or violence. ''Raging hormones" do not cause violence. This
having been said, there are diverse and subtle influences of hormones on the
developing and developed individual, which can alter the predisposition for
showing particular responses; authorities should be prepared to consider the
involvement of these powerful messenger molecules in particular human
processes (e.g., development of gender differences in behavior and onset of
puberty) and recognize the possibility of mitigation in individuals with
profound pathologies of the endocrine system. We should, however, move away
from the highly simplistic view that hormones simply switch aggression on and
off.

Another policy implication (because of the powerful and lasting effects of
some hormones on morphology, physiology, and mood) is that we should be
concerned about the impact of some clinical treatments (e.g., therapies of
pregnant women) and borderline "misuse" (e.g., employment of anabolic
steroids and human growth hormone by sports people and others). In the latter
case, we should be especially concerned about hormone and alcohol
combinations.

Because of their chronic effects, hormones and hormone derivatives offer
the possibility of the development of therapies to assist individuals in coping
with overwhelming behavioral problems. There is an urgent need to establish
(a) which therapies are useful and (b) which subgroups of conditions are
appropriate for treatment (we have already noted that rape, homicide, and
violence are not homogeneous categories). Hormone treatments should never be
considered as alternatives to other therapies but as an option. It is felt that
appropriate hormone-based treatments should be combined with psychotherapy,
counseling, and empathy training to achieve lasting results. The simple view of
the relationship between hormones and violence leads to such therapies being
regarded as a form of punishment or as a means of curing a
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disease. Finally, one should comment about the ethical mine field evident
historically in all areas of biology. Legal professionals have to give serious
consideration to the appropriateness of such treatments—because it is extremely
difficult, especially when dealing with rapists, murderers, and assaulters, to
establish informed consent. It would be a great pity simply to ban treatments
that could be used to the benefit of individuals and society, but there have to be
safeguards.
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Neurochemistry and Pharmacotherapeutic
Management of Aggression and Violence

Klaus A. Miczek, Margaret Haney, Jennifer Tidey, Jeffrey Vivian, and
Elise Weerts

NEUROSCIENCE PERSPECTIVE

Violence and aggression like all other behaviors are ultimately a function
of brain activity. The evolution of brain mechanisms that mediate aggressive
and violent behaviors may be traced from humans to other animal species, and
most of the neurochemical and neuropharmacologic evidence stems from
studies with non-human species. The relevant neurochemical systems start with
genetic instructions, undergo critical maturation periods, and—as evidence
during the past two decades demonstrates—environmental, social, nutritional,
and experiential factors modulate these systems continuously.

Insight into the neurochemical mechanisms of violence in humans has
been obtained only indirectly by correlating biochemical markers in peripheral
fluids or in the spinal cord with past behavioral events. In the meantime, an
explosion of neuroscience research continuously informs on highly discrete
neuroanatomical processes, pools of synthetic and metabolic enzymes,
exquisitely regulated neural receptor populations, and transducer systems. None
of these newly developed research methods have been applied to the issues of
violence as of yet.

Klaus Miczek, Margaret Haney, Jennifer Tidey, Jeffrey Vivian, and Elise Weerts are
at the Department of Psychology, Tufts University.
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Up to the 1960s, the canonical transmitter substances such as
norepinephrine (NE), dopamine (DA), serotonin (5-hydroxytryptamine, 5-HT),
and acetylcholine (ACh) were the major focus of neuroscience research.
Accelerating since the 1970s has been the research on receptor subtypes for
endogenous neurotransmitters and neuromodulators and for psychoactive drugs.
The discovery of peptides and steroids in the brain, as well as their neural
receptors, prompts the consideration of possible new mechanisms that may be
relevant to aggressive and violent behavior. In the early zeal, neuroscience
research attempted to discover the ''chemical code" of specific behavioral
functions; noradrenergic feeding and cholinergic drinking were initial examples
of normal homeostatic functions, the dopamine hypothesis of schizophrenia was
advanced, and serotonin was sometimes referred to as a "civilizing
neurohumor" keeping sex and aggression under control. However, by now,
nearly every neurotransmitter has been implicated in the neural mechanisms for
these complex physiologic and behavioral phenomena, and this applies also to
aggressive and violent behavior. It is highly unlikely that the problem of
violence can be reduced to a dysfunction in a single enzyme, receptor, or
molecular component of a nerve cell. The present framework for studies on
neurochemical mechanisms of violence distinguishes a neurochemical profile of
individuals with an aggressive "trait" from those events that mediate the
initiation, execution, and termination of aggressive and violent acts on a
moment-to-moment "state" basis. The latter are significant in the development
of rational therapeutic interventions. In general, clinical studies focus on
biochemical markers of aggression, or violence as a trait, whereas experimental
studies in animals provide mostly data on the proximal antecedents and
consequences of aggressive behavior (state). Genetic studies of aggressive traits
in animals have only rarely included concurrent assessments of their
biochemical basis (see Carey, in this volume).

It has become a truism to point out that each type of violent and aggressive
behavior is associated with distinctive neurochemical changes, and more
selective logical interventions modulate these different behavior patterns in an
increasingly specific manner. In order to appreciate the range of aggressive and
violent behaviors at the animal and human level that have been studied for their
neurochemical basis, it will be useful to briefly summarize the major animal
models as well as clinical types of aggression and violence.
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TYPES OF AGGRESSIVE AND VIOLENT BEHAVIOR

In the psychiatric clinic, violent and aggressive behaviors are not very well
defined, although these behavior patterns may be symptoms of many disorders
(e.g., Eichelman, 1986). According to the terminology and criteria of the
revised Diagnostic and Statistical Manual of Mental Disorders (DSM-IIIR)
(American Psychiatric Association, 1987), these may include conduct disorder
in adolescents, isolated or intermittent explosive disorder in adults, parent-child
problem in certain cases of child abuse, dementia, schizophrenia, alcohol and
substance abuse, depression, mania, antisocial personality disorder, mental
retardation, and attention-deficit disorder.

Several neurological diseases feature in their symptomatology violent or
pathological aggressive behavior; most noteworthy are aggressive and violent
outbursts in some patients with Gilles de la Tourette's syndrome, Down's
syndrome, Lesch-Nyhan syndrome, epilepsy, and limbic as well as
hypothalamic tumors (see Mirsky and Siegel, in this volume).

Ethological, experimental-psychological, and neurophysiologic concepts
and methods have contributed to the development of preclinical models of
aggressive behavior that have been investigated for their neurochemical and
neuropharmacologic bases (e.g., Miczek, 1987). Several schemes have been
proposed to categorize the different types of animal aggression in terms of

(1)  the experimental manipulations, either pervasive (e.g., isolated
housing) or discrete (e.g., exposure to pain stimuli, omission of
scheduled reinforcement, brain stimulation, brain lesion);

(2)  the type of behavioral phenomena (e.g., affective defense, killing); or
(3)  the potential function (e.g., territorial defense, maternal aggression,

dominance-related aggression).

Table 1* summarizes the major experimental models of animal aggression
in laboratory research by differentiating those that are based on (A) aversive
environmental manipulations, (B) brain manipulations, and (C) ethological
situations. Killing (D) highlights

NEUROCHEMISTRY AND PHARMACOTHERAPEUTIC MANAGEMENT OF
AGGRESSION AND VIOLENCE

247

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


the difficulties of these categorical schemes; since variants of this behavior have
been referred to as a form of "predatory aggression" (ethological) or "irritable
aggression" (aversive environmental manipulations), it may be produced by
brain stimulation or brain lesions (brain manipulations) and it may be self-
reinforcing as in the case of "excess'' killing. The attempt to assign biologic
functions to animal models of aggression demonstrates the ambiguities
associated with most of these models (last column in Table 1), and the
difficulties in relating many types of animal aggression to the phenomena of
human violence, as defined legally or clinically, are important for the present
discussion.

CONCLUDING STATEMENT

Clinical and preclinical definitions of violent and aggressive behavior
range across a variety of behavioral phenomena that differ in terms of distal and
proximal antecedents, intensity and frequency of behavioral acts, and functions.
During the past 15 years, animal aggression research, influenced by an
ethological framework, has begun to focus on adaptive patterns of behavior in
biologically meaningful contexts, while clinical research is concerned with
aggressive and violent acts as "behavioral pathologies," viewing aggression
alternatively as a trait or a state. In order to trace the evolutionary origins of
aggressive behavior at the behavioral, physiologic, and neurobiologic levels,
detailed functional and structural analyses at each level are needed; this need is
particularly acute at the behavioral and diagnostic levels.

NEUROCHEMISTRY AND NEUROPHARMACOLOGY OF
AGGRESSION AND VIOLENCE

Until the development during the last decade of microdissection and
imaging techniques for neural tissue, as well as techniques for in vivo
microdialysis and improved sensitivity of biochemical assay, the evidence for
the involvement of ACh, gamma-aminobutyric acid (GABA), NE, DA, and 5-
HT in neural mechanisms of animal aggression was based entirely on single
measures that summarized an experimental subject's entire brain activity at one
time point. In humans, access to the central nervous system (CNS) is even more
limited, so clinical researchers have relied on more readily collected indirect
measures such as blood and urine; a somewhat more invasive technique is spinal

* The tables appear at the end of this paper, beginning on page 349.
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punctures to obtain cerebrospinal fluid (CSF). Again, these indirect indices are
single values, totally reflecting the activity of many anatomically differentiated,
functionally opposing, and interacting systems that follow a daily rhythm and
are greatly influenced by environmental and nutritional factors.

For present purposes, the most frequently and thoroughly investigated of
the more than 50 identified neurotransmitter and neuromodulator substances are
surveyed. The evidence that is examined links (1) direct neurochemical
measures, as well as (2) neuropharmacologic manipulations of norepinephrine,
dopamine, serotonin, acetylcholine, and GABA to aggressive and violent
behavior both in animals and in humans. (3) Major pharmacotherapeutic
interventions are reviewed and evaluated for their effectiveness and selectivity
in modulating aggressive and violent behavior. Key features of the cited
empirical studies are summarized in tabular form.

CATECHOLAMINES

Noradrenergic Correlates of Animal Aggression

Massive adrenergic activity in the sympathetic nervous system and in the
adrenal gland accompanies intense emotional behavior, including aggressive
and violent behavior (e.g., Lamprecht et al., 1972; Stoddard et al., 1986; Barrett
et al., 1990). However, the focus here is less on the autonomic correlates and
consequences, then on levels of brain norepinephrine, the noradrenergic
neuronal pathways, the alpha- and beta-adrenergic receptor subtypes, and their
respective role in violent and aggressive behavior (Table 2, section A).

Divergent changes are reported for whole brain levels of NE, as well as
indices of NE turnover and synthesis in animals, just before or after they have
engaged in a range of aggressive behaviors. In lobsters, rainbow trout, and
pheasants, octopamine (the invertebrate counterpart to NE) and NE are
decreased in the more aggressive dominant member in comparison to the
subordinate member (Kravitz et al., 1981; McIntyre et al., 1979; McIntyre and
Chew, 1983). In mice, whole brain NE is elevated after isolated housing that
renders many animals aggressive (Welch and Welch, 1965) or after they have
just fought (Modigh, 1973). NE turnover is either increased or decreased in
isolated, presumably aggressive mice (Valzelli, 1973; Rolinski, 1975) or
immediately after a fight (Modigh, 1973). Either aggressive strains of mice do
not differ
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from less aggressive ones in terms of their NE turnover (Karczmar et al., 1973;
Goldberg et al., 1973) or turnover is increased in the more aggressive strains
(Bernard, 1975). When rats are reacting defensively to electric shock, their
diencephalic and mesencephalic NE turnover is increased (Stolk et al., 1974).
Cats as well as rats that rage after acute brain stem transection or after septal
lesions show elevated hindbrain NE turnover (Reis and Fuxe, 1964, 1968;
Salama and Goldberg, 1973b), but "rage" due to amygdaloid stimulation lowers
NE levels in their brain stem (Reis and Gunne, 1965). Hypothalamic and
amygdaloid levels of the NE metabolite MHPG (3-methoxy-4-
hydroxyphenylglycol) were also reduced in rats that engaged in stress-induced
biting (Tsuda et al., 1988). When rats have just killed a mouse, their forebrain
NE turnover is increased (Goldberg and Salama, 1969; Salama and Goldberg,
1973b; Tani et al., 1987).

Anatomically more discrete measurements of noradrenergic activity in
aggressive animals often reveal opposite changes in different brain regions.
Increased synaptosomal uptake of cortical NE was measured in mice after
intense fighting (Hendley et al., 1973; Hadfield and Weber, 1975). Isolated
mice of particularly aggressive strains show increased turnover of NE in three
brain areas (frontal cortex, caudate, hypothalamus; Tizabi et al., 1979). After
exhibiting fighting behavior they have less NE in olfactory tubercle and
substantia nigra, but increased NE in the septal forebrain (Tizabi et al., 1980).
Increased levels of NE were also found in the hypothalamus of rats that kill
mice (Tani et al., 1987). However, many investigations fail to detect any
changes in NE levels, turnover, or synthesis in brain regions of animals
exhibiting aggressive behavior (e.g., Payne et al., 1984, 1985).

Brain norepinephrine undergoes large changes before, during, and after
different kinds of aggressive and defensive behavior in animals; these changes
are, however, localized in specific brain regions that even within the limbic
system appear to exert opposing behavioral effects. At present, it is not yet
possible on the basis of experimental evidence from animal models to map a
"noradrenergic neurochemical profile" of different brain regions that are
critically important just preceding or consequent to an aggressive act.

Dopaminergic Correlates of Animal Aggression

As detailed in Table 2, section B, levels of DA and measures of DA
synthesis and turnover in the whole brain have been found
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to increase in aggressive strains of mice and in mice that have just engaged in
aggressive behavior (e.g., Bernard et al., 1975; Modigh, 1973). With regard to
specific brain regions, isolation-induced aggressive behavior in mice has been
reported to increase DA levels in the striatum (Tizabi et al., 1979); DA uptake
in the prefrontal cortex, but not striatum (Hadfield, 1981, 1983); and DA
turnover in striatum (Hutchins et al., 1975), frontal cortex, and hypothalamus
(Tizabi et al., 1979); hypothalamic DA levels were also elevated in attacking
rats (Barr et al., 1979). In mice attacking for the first time, DA turnover in the
nucleus accumbens is increased, but not after multiple aggressive experiences
(Haney et al., 1990).

When mice or rats defend against attacks, several limbic forebrain
structures show elevated metabolite levels of DA (Mos and van Valkenburg,
1979; Louilot et al., 1986; Puglisi-Allegra and Cabib, 1990). Defensive
reactions to electric shock are also correlated with increased DA uptake in
striatum (Hadfield and Rigby, 1976), and increased DA turnover in cortical and
limbic areas (Dantzer et al., 1984).

Rats that kill mice do not significantly differ from so-called nonkillers in
limbic DA but may differ slightly in hippocampal DA (Broderick et al., 1985;
Barr et al., 1979); muricidal rats may also show increased DA metabolite levels
(Tani et al., 1987).

The activity of brain dopamine undergoes large changes subsequent to
either aggressive or defensive behavior. At present, different experimental
preparations have implicated all three major forebrain dopamine systems (i.e.,
nigrostriatal, mesolimbic, and mesocortical). Brain dopamine systems appear to
be particularly significant in (1) the reinforcing or rewarding aspects of violence
and aggression, possibly via the mesolimbic and mesocortical DA systems, and/
or (2) the neural mechanisms for initiation, execution, and termination of
violent or aggressive behavior patterns, possibly via the nigrostriatal and
mesolimbic DA systems. In order to assess these possibilities, it will be
important to apply methodology with greater temporal, anatomically, and
behaviorally differentiating resolution.

Catecholaminergic Correlates Of Human Aggression And Violence

The evidence from studies with humans on the role of NE in neural
mechanisms responsible for violent and aggressive behavior is limited to
measurements of noradrenergic activity in the
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CSF, blood, or urine (see Table 2, section C). In military personnel rated as
highly aggressive in terms of nine categories of lifestyle, the MHPG level in
CSF was positively correlated with average "aggression score" (Brown et al.,
1979). However, NE turnover rates in the CSF of men convicted of violent
crimes did not differ among those that were judged to be premeditated versus
those considered to be impulsive (Linnoila et al., 1983). Similarly, DA levels
and turnover in CSF of five XYY patients arrested for assaults did not differ
from controls (Bioulac et al., 1980).

Several studies attempted to identify indices of catecholamine activity in
blood or urine that may characterize aggressive or violent individuals. For
example in one series of studies, higher urinary NE values, particularly in
response to an upcoming experimental stressful event, appear to be more
prevalent in violent incarcerated male patients in a maximum security hospital
setting (Woodman et al., 1977; Woodman and Hinton, 1978a, b; Woodman,
1979) than in nonviolent controls. Violent male offenders also differ in their
levels of free and conjugated plasma phenylacetic acid, although one study
finds increases and another, decreases (Sandler et al., 1978; Boulton et al., 1983).

These correlative studies of indices of catecholamine activity in CSF,
blood, or urine provide little support for brain NE as a specific "marker" for
aggressive or violent behavior. A promising diagnostic strategy is to examine an
individual's catecholamine response to an environmental or pharmacologic
challenge rather than to rely on basal levels undergoing circadian rhythmic
oscillations. NE, DA, and their metabolites are highly compartmentalized in the
brain, and their concentrations are relatively low compared to those in other
organs of the body. Conclusions about brain catecholamines and the propensity
to aggressive and violent behavior on the basis of peripheral measures are to be
considered very tenuous.

Neuropharmacologic Manipulations of Catecholamines

The pharmacologic evidence from animal and human studies suggests a
permissive role for catecholamines in aggressive and violent behavior. One type
of experimental strategy is to compromise catecholamine synthesis, storage, or
release; these manipulations reliably reduce aggressive and defensive behavior
in animals ranging from mice to monkeys (e.g., Eichelman, 1981; Torda, 1976).
Of course, brain catecholamine (CA) systems are of critical significance in a
large variety of basic physiologic and behavioral
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processes such as sleep/wakefulness rhythmicity, homeostatic and motor
functions, and a range of active and reactive behavior patterns. The critical issue
in these data is the relative lack of specificity with which these pharmacologic
interventions reduce aggressive behavior. Pharmacologic inhibition of
catecholamine synthesis, presynaptic storage, or release profoundly alters all
active behavior, including aggressive acts. Consistent evidence during the past
three decades repeatedly demonstrates that inhibition of the synthetic enzymes
tyrosine hydroxylase or dopamine β-oxidase, as well as depletion of storage
sites, decrease many behavioral initiatives, including attacks and threats in
mice, rats, cats, and monkeys (see Table 2, section D; e.g., Redmond et al.,
1971a,b; Torda, 1976; Katz and Thomas, 1976; Diringer et al., 1982). This
evidence emphasizes the necessity of intact catecholamine synthesis, storage,
and release for aggressive behavior to occur, but does not establish a specific
role for catecholamines in these types of behavior patterns.

A further approach in assessing the role of brain catecholamines in animal
aggression is to produce degenerations of catecholamine-containing neurons or,
more specifically, those neurons that contain either dopamine or norepinephrine
with selective cytotoxic agents and subsequently to measure alterations in
aggressive behavior patterns. Rage-like reactions and heightened irritability
may be produced by CA-depleting doses of the cytotoxic agent 6-
hydroxydopamine (6-OHDA) in laboratory rats, and the indiscriminate biting
and defensive reactions can further be amplified by exposure to pain stimuli
(e.g., Eichelman et al., 1972; Eichelman and Thoa, 1973; Nakamura and
Thoenen, 1972; Geyer and Segal, 1974; Pucilowski and Valzelli, 1986; Beleslin
et al., 1986; see Table 2, section D). In contrast to these observations are the
suppressive effects of 6-OHDA on aggressive behavior in monkeys when
confronting conspecifics (Redmond et al., 1973) or in cats preying on rats
(Dubinsky et al., 1973). Of course, destruction of brain catecholamine-
containing neurons renders an organism severely impaired in a wide range of
important bodily functions, which in turn may be indirectly leading to a
hyperreactive defensive mode of behavior.

Another strategy consists of modulating aggressive behavior by the
administration of catecholamine precursors. During the 1960s and 1970s the "l-
dopa-rage" phenomenon attracted attention, and it continues to serve as
evidence for an important role of brain dopamine in aggressive behavior (e.g.,
Eichelman, 1981, 1987). In laboratory rats and mice, administration of very
large doses of
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the CA precursor, l-dopa (l-dehydroxyphenylalanine) facilitates or induces
indiscriminate biting and other defensive reactions. These reactions are further
intensified if the animals are exposed to chronic cannabis, are withdrawn from
opiates, have sustained CA neurotoxicity or depletion, or have inhibition of CA
synthesis or of monoamine oxidase (see Table 2, section D; Everett, 1961;
Vander Wende and Spoerlein, 1962; Randrup and Munkvad, 1966, 1969a,b;
Ernst, 1967; Lammers and van Rossum, 1968; Zetler and Otten, 1969; Yen et
al., 1970; Lal and Puri, 1971; Benkert et al., 1973; Rolinski, 1973). The
relevance of the experimental l-dopa-rage phenomenon to aggressive behavior
in animals or human violence is, however, tenuous because it occurs only after
massive pharmacologic interventions and consists of behavioral fragments of
uncertain significance (e.g., Krsiak, 1974b). L-Dopa actually suppresses
fighting behavior in mice but increases defensive responses to painful stimuli
(e.g., Karczmar and Scudder, 1969; Thoa et al., 1972a). The amino acid
precursors l-tyrosine and l-phenylalanine, if added to the diet, may transiently
increase aggressive behavior in mice (Thurmond et al., 1979, 1980). DA, when
given directly into the cerebral ventricles, may also increase pain-induced
defensive responses in rats (Geyer and Segal, 1974).

Most of the evidence on brain NE and DA derives from studies with
increasingly selectively acting receptor agonists and antagonists. Initial
evidence indicated that the nonselective DA receptor agonist, apomorphine,
results in hyperdefensive responses similar to those seen after l-dopa in mice
and rats, particularly under conditions in which brain dopamine receptors are
unusually sensitive (see Table 2, section D; e.g., Senault, 1968; McKenzie,
1971; Thoa et al., 1972a,b; Lal and Puri, 1971; Torda, 1976; Baggio and
Ferrari, 1980; Pucilowski et al., 1986, 1987). By contrast, in situations requiring
coordinated pursuit, threat, and attack, apomorphine exerts suppressive effects
on aggressive behavior in mice (e.g., Hodge and Butcher, 1975; Lassen, 1978;
Baggio and Ferrari, 1980). These studies suggested a clear pharmacologic
differentiation between offensive aggression and exaggerated defense. Recently
developed selective agonists for the D1 and D2 receptor subtypes mimic the
effects of apomorphine in terms of hyperdefensive and indiscriminate biting
reactions in laboratory rodents (e.g., Puglisi-Allegra and Cabib, 1988, 1990;
Cabib and Puglisi-Allegra, 1989). A large number of studies have consistently
documented the inhibitory effects of catecholaminergic and particularly
dopaminergic receptor agonists on killing behavior by omnivorous rats and
carnivores (see Table 2, section D; e.g., Schmidt, 1979, 1983; Bandler,
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1970, 1971a; Rolinski, 1975; Berzsenyi et al., 1983; Molina et al., 1987; Isel
and Mandel, 1989). Although the literature on human violence uses the term
"predatory" in analogy to stalking and killing in carnivorous animal species, the
relationship between the predatory behavior of certain animal species and
human aggressive or violent behavior remains to be explored.

Dopamine receptor antagonists have been studied extensively for their
antiaggressive effects; however, their selectivity as antiaggressive drugs
remains unsatisfactory (e.g., Eichelman, 1986; Miczek, 1987; Miczek et al.,
1994). Most of these substances have been developed as potential antipsychotic
or neuroleptic drugs, and this literature is reviewed below (Table 7). Recently,
selective antagonists for D1 and D2 receptors have been developed (e.g.,
McMillen et al., 1989; Redolat et al., 1991). Initial evidence indicates that
blockade of either dopamine receptor subtype potently decreases aggressive
behavior in mice and monkeys, albeit with limited behavioral specificity
(Ellenbroek and Cools, 1990; Tidey and Miczek, 1992; Miczek et al., 1994).
Future studies will have to identify the dopamine receptor populations that are
most relevant in the initiation and execution of aggressive and defensive
behavior patterns in animals in order to develop a rational basis for clinical
trials in humans.

The successful use of beta-adrenergic receptor blockers in the management
of violent patients identifies these substances as potential therapeutic options
(e.g., Ratey et al., 1986, 1987). The clinical evidence on beta-blockers is
reviewed below. When the prototypical beta-blocker, propranolol, was found to
be beneficial in calming violent individuals who are unresponsive to other
medications (e.g., Elliott, 1977), its therapeutic value was thought to derive
from its blockade of noradrenergic beta-receptors. In the meantime,
propranolol, pindolol, nadolol, and similar substances, which have been found
to show high affinity for 5-HT1A, act as antagonists (Olivier et al., 1990), and it
is this serotonergic mechanism of action that may be the basis for the
antiaggressive effects of beta-blockers.

SEROTONIN

No other neurotransmitter has been more intimately implicated in the
neurobiologic mechanisms of aggressive and violent behavior than 5-HT (e.g.,
Brown et al., 1979; Valzelli, 1981; van Praag et al., 1987; Roy and Linnoila,
1988; Coccaro, 1989; Miczek and Donat, 1989). A major theme in the
biological psychiatry
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literature during the last decade is the proposed role of brain serotonin in
impulse control as manifested in an individual's tendency toward alcoholism,
obsessive-compulsive disorders, suicide, irritability, hostile feelings, and violent
outbursts (e.g., Asberg et al., 1987). Yet, the evidence on brain 5-HT systems
and different kinds of aggressive and violent activities in animals and humans
argues against a single direct link, and requires an evaluation that differentiates
neural 5-HT pathways and their receptor subtypes in a range of aggressive and
violent activities.

5-HT Correlates of Animal Aggression

Brain 5-HT or its major metabolite 5-hydroxyindoleacetic acid (5-HIAA)
have been assayed in animals that are subjected to conditions in which
aggression is likely to occur or that have just engaged in aggressive behavior,
but with varying outcomes (Table 3, section A). In whole brain, 5-HT has been
found to increase after fighting or not to change in mice that were isolated for
aggression (Modigh, 1973, 1974 versus Goldberg et al., 1973; Garattini et al.,
1967). The metabolite 5-HIAA decreased, increased, or did not change in whole
brains of mice isolated for aggression (Garattini et al., 1967; Goldberg et al.,
1973; Lasley and Thurmond, 1985). Of course, isolated housing does not
invariably lead to aggressive behavior; only a varying percentage of isolated
mice will engage in aggressive behavior, whereas others remain nonaggressive
or even develop heightened escape and defensive reactions ("isolation-induced
timidity"; Krsiak, 1975b).

Large increases in indices of amygdaloid 5-HT turnover were found in
mice that attacked for the first time (Haney et al., 1990), in rats that were
muricidal (Broderick et al., 1985; but see Tani et al., 1987), and in group-
housed mice after olfactory bulbectomy (Garris et al., 1984). In a carnivorous
species such as mink, the elevated 5-HIAA level in hypothalamus and amygdala
was associated with a sated state during which the animal was slow to initiate a
predatory kill (Nikulina and Popova, 1988). No changes in 5-HT or 5-HIAA
were detected in several hypothalamic, limbic, and mesencephalic regions of
aggressive hamsters or in isolated mice after prolonged aggressive and
defensive behavior (Payne et al., 1984, 1985; Hadfield and Milio, 1988). When
rats react defensively to electric shock pulses, their 5-HT levels in raphe and
striatum as well as their 5-HIAA in hippocampus decrease (Lee et al., 1987).

It appears possible that the activity of 5-HT in the amygdala
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versus mesencephalic and striatal regions is differentially mediating aggressive
versus defensive behavior patterns. Such specificity with regard to brain region
and behavior pattern should prompt the development of more selective
diagnostic behavioral assessment and pharmacotherapeutic intervention; it also
casts doubt on single indices of 5-HT that summarily attempt to represent 5-HT
activity in the entire brain.

Neuropharmacologic Manipulations of 5-HT in Animals

Impairments of brain 5-HT systems by removing the dietary precursor l-
tryptophan, blocking the synthetic enzyme tryptophan hydroxylase, depleting
the 5-HT vesicular storage, or cytotoxically or electrolytically destroying
serotonin neurons lead mostly to suppression of attack and threat behavior by
isolated mice (see Table 3, section B; e.g., Poschlová et al., 1975; Rolinski,
1975; Eichelman, 1981; Payne et al., 1984; Svare and Mann, 1983; Ieni and
Thurmond, 1985). However, pharmacologic manipulations with opposite
biochemical effects such as tryptophan loads, administration of the precursor 5-
HTP (5-hydroxytryptophan) or releasing agents, blockade of enzymatic
inactivation of 5-HT with MAO (monoamine oxidase) inhibitors, or uptake
inhibition, either acutely or chronically also decreased attack and threat
behavior (Table 3, section B; Thurmond et al., 1979; Eichelman, 1981;
Chamberlain et al., 1987). Most of these manipulations lack behavioral
specificity in that sedation and motor incapacitation accompany the
antiaggressive effects.

Defensive-aggressive responses in rats reacting to painful electrical shock
pulses may be facilitated through impairing 5-HT by omitting l-tryptophan from
the diet, inhibiting 5-HT synthesis, or cytotoxically or electrolytically
destroying 5-HT-containing neurons, at least under some experimental
conditions (see Table 3, section B; e.g., Ellison and Bresler, 1974; Benkert et
al., 1973; Eichelman, 1981; Rolinski and Herbut, 1981; Pucilowski and
Valzelli, 1986). A reliable facilitation of defensive reactions, but not attack
behavior, is seen after chronic inhibition of 5-HT reuptake or MAO with
antidepressants (see below; e.g., Delini-Stula and Vassout, 1981; Mogilnicka
and Przewlocka, 1981; Prasad and Sheard, 1983a,b). In cats, but not in
monkeys, inhibition of 5-HT synthesis amplified affective defense (e.g.,
MacDonnell et al., 1971; Redmond et al., 1971a).

By far, the strongest evidence for an inhibitory role of 5-HT in animal
aggression has been accrued by neuropharmacologic studies
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of 5-HT and killing behavior by laboratory rats, usually directed toward a mouse
—''muricide" (see review by Miczek and Donat, 1989; also Table 3, section B).
Because of its similarity to killing in the sequence of predatory stalking and
hunting by carnivores, muricide by omnivorous rats has been termed "predatory
aggression." From an ethological view, it is conceptually inconsistent to
combine predation and aggression, since the causative and functional
dimensions of these behaviors differ fundamentally. More than 70 studies
during the past 25 years demonstrate that laboratory rats that have not killed a
mouse previously are more likely to do so after electrolytic or neurotoxic insults
to the serotonin-containing raphe nuclei, omission of l-tryptophan from the diet,
or inhibition of 5-HT synthesis (see Table 3, section B; DiChiara et al., 1971;
Eichelman and Thoa, 1973; Isel and Mandel, 1989; Banerjee, 1974; Breese and
Cooper, 1975; Vergnes et al., 1973, 1988; Gibbons et al., 1978). Conversely,
tryptophan loads in the diet, precursor administration, and inhibition of
enzymatic inactivation with MAO inhibitors or reuptake blockers effectively
suppress the killing response (Table 3, section B; e.g., Kulkarni, 1970; Bocknik
and Kulkarni, 1974; Gibbons et al., 1978, 1981).

However, the evidence for a close link between 5-HT and killing needs to
be qualified: (1) Many severely 5-HT-depleted rats fail to show the killing
response, and others without any detectable abnormality in or even increased
levels of 5-HT or 5-HIAA engage regularly in this behavior (e.g., Salama and
Goldberg, 1973b; Miczek et al., 1975; Broderick et al., 1985). (2) It has not
been possible to specify a threshold value of 5-HT impairment or, alternatively,
to relate 5-HT depletion to the probability of killing in a systematically graded
dose-effect manner. (3) Rats that have been previously exposed to the potential
prey, will not develop the killing response after insults to 5-HT activity (e.g.,
Marks et al., 1977; Vergnes et al., 1977; Vergnes and Kempf, 1981). (4) Once
the killing behavior has become part of the animal's repertoire, it persists in the
absence of any changes in 5-HT levels, synthesis, or metabolism (e.g., Vergnes
and Kempf, 1981). (5) Some carnivores such as cats, ferrets, or grasshopper
mice are actually impaired in their killing behavior when 5-HT synthesis is
blocked, and the killing response cannot be blocked by antidepressants that are
5-HT reuptake inhibitors (McCarty et al., 1976; Leaf et al., 1978; Schmidt and
Meierl, 1980; Schmidt, 1980).

The neurobiological mechanisms of killing behavior include an important
role of 5-HT, particularly in rats that do not exhibit this behavior normally. At
the same time, additional mechanisms
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override or modulate 5-HT activity in the mediation of killing behavior,
especially when this behavior is already part of the organism's repertoire or
when the organism is habituated to the provocative stimulus. The predatory
killing by carnivores appears not to be critically dependent on 5-HT, which
suggests a different interpretation of the mouse-killing response by the
laboratory rat, possibly as a model of pathology (e.g., Karli, 1981; Valzelli,
1985).

Investigations of the role of postsynaptic 5-HT receptors in aggressive
behavior, particularly killing, in animals have been relatively secondary to the
presynaptic events until the important discoveries in the last decade of
differentiated receptor subtypes for 5-HT (Peroutka, 1988). The first-generation
agonists and antagonists with nonselective affinity for all 5-HT receptors
suppressed every type of aggressive behavior in a more or less specific manner
(e.g., Table 3, section B; e.g., Malick and Barnett, 1976; Weinstock and Weiss,
1980; Sheard, 1981; Miczek and DeBold, 1983; Svare and Mann, 1983; Ieni
and Thurmond, 1985; Winslow and Miczek, 1983; Lindgen and Kantak, 1987).

A new phase of investigating the role of 5-HT receptor sub-types in
different aggressive behavior patterns began with the increasing availability of
agonists and antagonists that are more selective for each receptor subtype.
Agonists at 5-HT1A receptors, such as 8-OH-DPAT (8-hydroxy-2-(d1-n-
propylamino)tetralin), buspirone, and ipsapirone, reduce attack and threat
behavior by a male rat confronting an intruder or a female rat defending her
litter, but also produce some sedation (Oliver et al., 1989). Newer agents such
as eltoprazine, a mixed 5-HT1A/B agonist, or TFMPP
(trifluorometaphenylpiperazine), a more specific 5-HT1B agonist, appear to have
a more behaviorally specific antiaggressive activity in resident male mice and
rats, and in lactating female and brain-stimulated male rats (Kruk et al., 1987;
Olivier et al., 1985, 1989, 1990; Miczek et al., 1989). At present, no data exist
for the effects of 5-HT1C and 5-HT1D receptor agonists on aggressive behavior.
The 5-HT2 receptor antagonist ketanserin reduces attack and threat behavior by
isolated resident mice and rats effectively, although with limited behavioral
specificity (Haney and Miczek, 1989; Olivier et al., 1989). Initial data on the
effects of experimental 5-HT3 receptor antagonists show no specific effects on
aggressive behavior in isolated mice or lactating female rats (Mos et al., 1990).

An evolutionary approach to the question of serotonin and aggression
seeks to determine a functional constancy or divergence
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across different phyla and order. The activity of serotonin-containing neurons
has been studied in invertebrates, fish, birds, and a range of mammals, including
nonhuman primates before, during, or after performance of aggressive behavior
(e.g., Miczek and Donat, 1989). For example, injection of 5-HT into lobsters
triggers an "aggressive" looking stance, although cytotoxic destruction of 5-HT
neurons is without behavioral effect (Livingstone et al., 1980). Similarly,
administration of 5-HTP increased the proportion of ants (Formica rufa)
fighting with each other (Kostowski and Tarchalska, 1972); however,
intraventricular injections of 5-HT or 5-HT reuptake blockers into South
American electric fish (Gymnotidae) decrease their aggressive signaling (Maler
and Ellis, 1987). Intense defensive reactions by the prosimian tree-shrews
(Tupaia belangeri) are accompanied by strong elevation of the firing of 5-HT-
containing raphe cells (Walletschek and Raab, 1982). These observations,
together with the earlier data from mice, hamsters, and rats, do not provide
evidence for a uniform functional role of 5-HT activity in the postulated
inhibitory mechanisms of aggressive behavior that may be generalized across
animal species.

5-HT and nonhuman primate aggression have been studied in vervet
monkeys (Cercopithecus aethiops sabaeus), talapoin monkeys (Miopithecus 
talapoin), rhesus macaques (Macaca mulatta), and squirrel monkeys (Saimiri
sciureus) (Table 3, section B). A series of studies in vervet monkeys found
consistently elevated levels of 5-HT in whole blood or in blood platelets of
dominant group members as defined by success in aggressive interactions
(Raleigh et al., 1980, 1983). However, at present, it is unclear how
measurements of whole blood 5-HT relate to the complexities of the various 5-
HT cell bodies, neuronal pathways, and receptors in brain. Preliminary data
from vervet monkeys also suggested higher 5-HIAA in CSF of dominant group
members than in subordinates (Raleigh et al., 1983). Inconsistent and unreliable
correlations between CSF 5-HIAA and aggressive behavior were found in
several extensive series of studies in talapoin, rhesus macaque, and squirrel
monkeys (Yodyingyuad et al., 1985; Kraemer, 1985; Green et al., personal
communication). A particularly instructive example involves studies of talapoin
monkeys in which the day-to-day variation in number of attacks or number of
threats did not correlate with CSF 5-HIAA and resulted in highly variable
scattergrams (Yodyingyuad et al., 1985). When squirrel monkeys of higher or
lower social rank are examined, only MHPG, but not 5-HIAA, was elevated in
subordinate males, and active conflict led to further elevations of MHPG (Green
et al., personal communication,
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cited in Miczek and Donat, 1989). A series of recent studies in squirrel
monkeys and rhesus monkeys with chronic administration of the hallucinogenic
"designer" amphetamine derivatives "ecstasy" and ''eve," which have profound
cytotoxic actions on brain 5-HT and markedly lower CSF 5-HIAA, has revealed
no evidence for increased violent activity (e.g., Ricaurte et al., 1985, 1989;
Molliver 1987).

To interpret the significance of CSF 5-HIAA data, the relative contribution
of anatomically distinctive pools of 5-HT neurons in different brain regions to
CSF metabolite levels needs to be determined. Seasonal and circadian
rhythmicity, activity levels, and nutritional status, in addition to the propensity
to engage in aggressive behavior, are among the prominent determinants of
synthesis and metabolism of 5-HT and 5-HIAA. These variables are not
appropriately reflected in single measurements at a single time.

5-HT Correlates of Human Aggression and Violence

During the late 1970s, Brown, Goodwin, and their associates reported that
two samples of institutionalized Navy men showed an inverse relationship (r
=-.77, -.78) between ratings of a life history of events that were thought to
reflect "aggression" and CSF 5-HIAA (Table 7; Brown et al., 1979, 1982).
These aggression ratings were also related to the number of suicide attempts,
which—in an earlier influential Scandinavian study—were found to be
inversely related to the concentration of 5-HIAA in CSF of patients with
unipolar depression (Asberg et al., 1976). Low CSF values for 5-HIAA were
subsequently measured in certain samples of alcoholic violent offenders with
"impulsive" personality, homicidal men (Linnoila et al., 1983; Lidberg et al.,
1985), and impulsive arsonists (Virkkunen et al., 1989a). These latter studies
led to the proposal that low CSF 5-HIAA concentration reflects a disorder of
poor "impulse control rather than aggressiveness or violence as such"
(Virkkunen et al., 1989a; Linnoila et al., 1989).

So far, low 5-HIAA in CSF has been inversely correlated not only with the
original subpopulation of violent suicide attempters (Asberg et al., 1976), but
also with clinician-rated or self-reported ratings of a life history of aggression
(Brown et al., 1979, 1982; Linnoila et al., 1983; Lidberg et al., 1985);
Rorschach ratings of hostility and anxiety (Rydin et al., 1982); outwardly
directed hostility (Van Praag, 1982; Roy and Linnoila, 1988); criminal behavior
(Linnoila et al., 1983; Lidberg et al., 1985; Van Praag, 1982; Virkkunen et al.,
1989a,b); self-reported behavior problems during
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childhood (Kruesi et al., 1990); and preoccupation with violent thoughts
(Leckman et al., 1990). The correlation coefficients usually range between r
=-.46 and r =-.78 (Table 7). There is considerable controversy in interpreting
the significance of 5-HIAA measurements from CSF (e.g., Eriksson and
Humble, 1990). It is difficult to account for the rostrocaudal gradient in 5-HIAA
concentration: the highest concentration is in the lateral cerebral ventricles, but
most measurements stem from lumbar regions of the spinal cord. How exactly
CSF 5-HIAA concentrations relate to the anatomically differentiated 5-HT
neuronal pathways and how this measure reflects 5-HT turnover or monoamine
oxidase activity remain to be specified.

CSF 5-HIAA and MAO in blood platelets show a weak correlation—in
some samples a positive correlation and in others a negative one (e.g., Asberg et
al., 1987). It is unclear whether and how platelet MAO-B on the one hand, and
A- and B-type MAO in brain are related. Ellis (1991) has summarized the
correlative studies suggesting that low platelet MAO levels may serve as
markers for suicidal behavior, increased sensation seeking, impulsiveness,
childhood hyperactivity, alcoholism, and criminality. However, many failures to
replicate these reports and the lack of relationship between blood and brain
measures need to be resolved before low platelet MAO and low CSF 5-HIAA
can be accepted as biological markers for violence (Asberg et al., 1987).

Alterations in 5-HT activity have also been related to aggressive behaviors
by resorting to measurements of blood chemistry (Table 3, section C). These
peripheral indices include whole blood levels, plasma tryptophan/neutral amino
acid ratio, and binding of tritiated imipramine to blood platelets. One study
reported an inverse relationship between plasma 5-hydroxyindole and
hyperactivity/aggression in 24 mentally retarded patients (Greenberg and
Coleman, 1976). A further study reports that 11 out of 15 male outpatients
seeking treatment for frequent bouts of verbal and physical aggression had
slightly lower 5-HT uptake into blood platelets than matched controls (Kent et
al., 1988; Brown et al., 1989). Although one study found a positive correlation
between plasma 5-HT and conduct ratings in adolescent males (Pliszka et al.,
1988), another study reported no difference in whole blood 5-HT between
violent offenders and normal controls (Virkkunen and Narvanen, 1987). A
modest inverse correlation between imipramine binding to 5-HT uptake sites on
blood platelets and parent-rated aggressiveness in children with conduct
disorder was also reported (Stoff et al., 1987). The interpretation of these
peripheral
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blood-borne indices of 5-HT function is even more problematic than the CSF 5-
HIAA measures. At present, it is unclear whether or not these peripheral indices
are direct reflections of 5-HT activity in brain. It would be highly premature to
propose the use of these measures from CSF or blood as diagnostic or
prognostic tools for the propensity to engage in violent or aggressive behavior.

An alternative test of 5-HT activity, particularly in the hypothalamus, is to
challenge individuals with a 5-HT agonist and measure the subsequent
increased release in prolactin from the anterior pituitary. "Assault" and
"irritability" ratings in patients with DSM-III axis 11 personality disorders
inversely correlated with the peak prolactin response to the 5-HT-releasing
agent fenfluramine (Coccaro et al., 1989). Again, future studies will have to
determine the mechanisms for the reduced prolactin response and delineate
more precisely the relevant patient population.

In a series of follow-up studies, Virkkunen et al. (1989a) and Linnoila et
al. (1989) studied Finnish alcohol-abusing males, previously imprisoned for
arson or manslaughter, and classified them as either impulsive or nonimpulsive
on the basis of premeditation, monetary gain, and familiarity with the victim.
The nadir of blood glucose during a glucose tolerance test predicted recidivism
in 3 out of 13 cases and nonrecividism in 43 out of 44 cases. Adding the
variable "CSF 5-HIAA" concentration as a second step to the discriminant
analysis improved the predictive classification by two more cases. By itself,
CSF 5-HIAA concentration failed to predict any recidivism, but CSF 5-HIAA
and MHPG concentration classified more than 70 percent correctly for a history
of suicide attempts. These studies point to a complex interplay between
responsivity to glucose challenge, aspects of monoamine metabolism as
reflected in CSF concentrations, and familial and current alcoholism as they
relate to suicide history, impulsive homicide, and criminal behavior.

CONCLUDING STATEMENT

Anatomically discrete brain serotonin systems contribute importantly to
brain mechanisms subserving aggressive, defensive, and muricidal behavior in
animals and to a range of impulsive and violent behaviors in humans. The
critical brain regions extend from 5-HT cell groups in the raphe nuclei in the
mesencephalic region to the hypothalamic area and further to the hippocampal,
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amygdaloid, striatal, and cortical areas. It is highly problematic to generalize
from single peripheral measures such as blood or CSF 5-HIAA to the
complexity of 5-HT activity in a violent or aggressive individual. At the cellular
level, pharmacologic manipulations that impair presynaptic events such as
precursor uptake, synthesis, storage, release or metabolism, increase the
probability of the muricidal reaction and, less reliably, of defensive responses in
rats. By contrast, postsynaptic 5-HT receptor manipulations, particularly at the
5-HT 1A subtype, are effective antiaggressive drugs in animal models (see
below). An important qualification of the results from animal models of
aggression is the impressive evolutionary variation in 5-HT functions, rendering
extrapolation from a specific animal species to another one, including human,
problematic.

GABA

At the cellular level, GABA causes hyperpolarization of neurons the
mammalian central nervous system, primarily in short inhibitory interneurons.
Whether or not this inhibitory role at the cellular level, occurring in about one-
third of the synapses in the brain, nay be extrapolated to the behavioral level
remains unknown, although it has been postulated with regard to aggression
(e.g., Mandel et al., 1981). During the past decade, the study of GABA
receptors intensified when it was discovered that benzodiazepine-type
anxiolytic drugs achieve their physiologic and behavioral effects by action on a
supramolecular benzodiazepine receptor-GABAA-chloride ionophore complex.
Before discussing the pharmacotherapeutic applications and associated risks of
these types of drugs in the management of violent patients, it will be useful to
summarize the evidence on GABA, aggression, and violence in animals and in
humans (see Table 4).

GABA AND AGGRESSION

Gaba Correlates of Animal Aggression

Several neurochemical studies found an inverse relationship between brain
GABA levels, particularly in the olfactory bulb and striatum, and aggressive
behavior in mice (Table 4, section A; Earley and Leonard, 1977; Simler et al.,
1982). Also, GABA content in olfactory bulbs of muricidal rats was lower than
in nonkiller rats (Mack et al., 1975; Mandel et al., 1979). Lower GABA content
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was also measured in the striatum and hypothalamus of Spanish fighting bulls
versus nonaggressive Friesian bulls (Muñoz-Blanco et al., 1986).

By contrast, aggressive female mice confronting a lactating intruder had
higher whole-brain GABA levels (Haug et al., 1980), and more specifically,
GABA was elevated in the hypothalamus, olfactory bulbs, and amygdala of
very aggressive mouse strains (Haug et al., 1984). With regard to GABA
receptors, small increases in GABA binding in limbic brain areas were noted in
aggressive female hamsters (Potegal et al., 1982), and amygdaloid muscimol
binding was increased in muricidal rats (DaVanzo et al., 1986).

The pattern of GABA concentrations and GABA receptor binding in
animals with a high propensity to engage in several aggressive behaviors
highlights the large changes in opposite direction in discrete brain regions. The
present neurochemical evidence does not warrant a generalization that attributes
to GABA an inhibitory influence on aggressive behavior in animals and violent
behavior in humans.

Neuropharmacologic Modulation of GABA

As detailed in Table 4, section B, activation of GABA-A receptors with
systematic muscimol decreases the percentage of rats that kill (Delini-Stula and
Vassout, 1978; Mandel et al., 1979; Molina et al., 1986), but facilitates muricide
and irritability when given into the septum (Potegal et al., 1983). Activation of
GABAA and B receptors suppressed pain-induced defensive responses in rats
(Rodgers and Depaulis, 1982), aggressive responses in mice (Puglisi-Allegra
and Mandel, 1980), and muricidal behavior in rats (Delini-Stula and Vassout,
1978). Under conditions in which normally no aggressive behavior is likely, the
GABA agonist THIP (4,5,6,7-tetrahydroisoxazolo[5,4,-c]pyridin-3-01 HC1)
may induce aggressive behavior in rats, whereas the antagonist bicuculline
suppresses aggressive and facilitates defensive responses in rats (Depaulis and
Vernes, 1985). The receptor agonist, THIP, may enhance or suppress the killing
response. Intracerebral blockade of GABAA receptors with bicuculline
suppressed muricide (Depaulis and Vernes, 1983, 1984; Molina et al., 1986),
and when this receptor antagonist was injected into the hypothalamus and
amygdala, it reduced maternal aggression in rats (Hansen and Ferreira, 1986).
In nonkiller rats, the GABA antagonists bicuculline and picrotoxin may induce
the muricidal response (Mandel et al., 1979).
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Inhibition of GABA transaminase, mostly by valproic acid, decreased
attack behavior by resident male mice toward intruders (DaVanzo and Sydow,
1979; Puglisi-Allegra and Mandel, 1980; Haug et al., 1980; Poshivalov, 1981;
Sulcova et al., 1981; Puglisi-Allegra et al., 1979, 1981; Simler et al., 1983),
concurrent with an increase in GABA levels in several brain areas, particularly
in olfactory bulbs and striatum. Also, GABA or valproate, given either
systematically or directly to the olfactory bulbs, blocked mouse-killing behavior
(Mack et al., 1975; Mandel et al., 1979; Molina et al., 1986), but a GABA
agonist can induce killing behavior (Depaulis and Vergnes, 1983).

Defensive behaviors by rats are enhanced by GABA receptor antagonists
such as picrotoxin administered either systemically, intracerebroventricularly,
or directly into the periaqueductal gray area; inhibition of GABA degradation
does not increase defensive behavior (Rodgers and Depaulis, 1982; Depaulis
and Vergnes, 1985, 1986).

Given the ubiquity of GABA in many brain areas and its role in various
physiological and behavioral functions, particularly in motor and convulsive
disorders, it is not altogether surprising that the interpretation of the evidence on
GABA's role in different kinds of aggressive behavior ranges from inhibition to
facilitation. The classic view attributes an inhibitory role to GABA, particularly
with regard to mouse killing in rats, attack behavior by isolated mice, and
defensive reactions in rats (e.g., Mandel et al., 1979, 1981). It is now evident
that agonists at benzodiazepine receptors lead to increased GABA transmission
due to activation of GABAA receptors, which in turn increases chloride flux
causing hyperpolarization. The data on benzodiazepine-type anxiolytics (see
below) increasing and decreasing aggressive behavior in the contexts of
maternal defense, dominance, and territorial fighting in animals and in several
clinical cases of violent outbursts point to a modulatory role of GABAA

receptors.

ACETYLCHOLINE

Early evidence implicated brain acetylcholine in the induction of killing
behavior in laboratory rats and in "rage" and defensive reactions in cats and
rodents (see reviews by Romaniuk, 1974; Allikmets, 1974). However, evidence
on brain acetylcholine and human aggression and violence is chiefly limited to
the effects of nicotine (e.g., Bell et al., 1985, Eichelman, 1986, 1987).

Cholinergic agonists at muscarinic receptors such as arecoline,
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carbachol, muscarine, or acetylcholine when given directly into certain
forebrain structures evoke rage-like and defensive responses in male and female
cats (e.g., Hernandez-Peon et al., 1963; Grossman, 1963; Baxter, 1968a;
Beleslin and Samardzic, 1979; Brudzynski, 1981a,b); these responses are
blocked by muscarinic antagonists such as atropine or scopolamine (see
Table 5). A second set of findings links activation of muscarinic receptors to
killing behavior in laboratory rats and domestic cats (Table 5). Systemic
administration or intrahypothalamic injection of muscarinic agonists or
acetylcholinesterase (AChE) inhibitors induces animals to kill (e.g., Bandler,
1969, 1970; Smith et al., 1970; Berntson and Leibowitz, 1973). Killing
behavior, whether induced by cholinergic agonists or part of the animals'
repertoire, is blocked by antimuscarinic drugs (see Table 5). A third set of
studies reports on increased pain-induced defensive responses in rats that have
been given carbachol or the AChE inhibitor physostigmine in the lateral
hypothalamus or basolateral amygdala (Rodgers et al., 1976; Bell and Brown,
1980).

It is not too surprising that comparable data on heightened aggressive or
violent behavior in humans after muscarinic receptor activation have not been
forthcoming. These substances are too toxic and have potent effects on many
autonomic functions that are severely compromising.

Nicotine has been found to exert relatively specific antiaggressive effects
in several animal species. A subcutaneous (s.c.) "smoking dose" of nicotine (25/
µ/kg) specifically reduced aggressive acts and postures in rats, and pain-induced
biting and postures in squirrel monkeys and rats (Driscoll and Baettig, 1981;
Emley and Hutchinson, 1983; Waldbillig, 1980). Nicotine also decreased killing
behavior by rats and cats (Bernston et al., 1976; Waldbillig, 1980), although
predatory killing by ferrets remained unaffected (Meierl and Schmidt, 1982).

Experienced aggressive-type smokers titrate their nicotine intake in part to
reduce their anger, and withdrawal from smoking is associated with increased
hostility and irritability (e.g., Bell et al., 1985). Nicotine cigarettes decrease
experimental measures of aggression in a competitive task for human subjects
(Cherek, 1981, 1984). The therapeutic potential of nicotine in the control and
management of aggressive and violent behavior has not been dissociated from
the enormous health risks that are associated with tobacco smoking.
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PHARMACOTHERAPEUTIC INTERVENTIONS

"Chemical restraint" and "symptom management lacking curative actions"
are longstanding and frequently voiced criticisms of pharmacotherapeutic
interventions in violent individuals. Although these sweeping criticisms are
mostly of historical relevance, they do remind us of the trial-and-error approach
of the early clinical psychopharmacologists. In recent years, more rational
pharmacotherapeutic developments have been based on a more adequate
understanding of the drugs' sites and mechanisms of action and the more
selective neurochemical systems that are targeted. The essence of these
increasingly selective pharmacologic tools for violence research remains the
assessment of their behavioral specificity: How specifically and permanently
are the excessive aggressive and violent acts controlled without compromising
physiologic functions or the remaining behavioral repertoire? The following
examination of the evidence for the management of violent individuals with
major classes of therapeutic drugs demonstrates that (1) there is no universally
effective antiviolence drug, but rather specific agents exert efficacious
antiaggressive effects in specific types of violent individuals; (2) acute and long-
term management are achieved with different types of agents; and (3) the
multiply interacting neurochemical systems mediating aggressive and violent
acts offer several targets for pharmacologic interventions.

ANTIPSYCHOTICS

The management of violent psychiatric patients, whether requiring
institutionalization or not, relies primarily on antipsychotic drugs (e.g., Itil and
Wadud, 1975; Tupin, 1985; Eichelman, 1986, 1987; Yudofsky et al., 1987). The
clinical effectiveness of most typical antipsychotic or neuroleptic drugs is
believed to be due primarily to their action on the D2 subtype of brain
dopamine receptors (see above; e.g., Carlsson, 1987; Seeman et al., 1976).
Under appropriate treatment conditions, these substances effectively control the
florid, positive symptoms of schizophrenia (Kellam et al., 1967; Ebert et al.,
1977). Social dysfunctions as part of the negative symptomatology may be
based on separate neurochemical mechanisms and have not been treated as
successfully. Neuroleptic drugs are effective in reducing aggressive and violent
behavior not only in patients with an effective pathology, but also in individuals
without diagnosed disorder.

During the past 30 years, experimental evidence from studies
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on animal aggression has repeatedly demonstrated that phenothiazines,
butyrophenones, and thioxanthines as well as the more recent atypical
neuroleptics effectively decrease aggressive behavior by isolated mice, by mice
or rats exposed to various noxious and provocative stimuli, by rats rendered
irritably due to brain injury or neurotoxicity, by brain-stimulated cats, by mice
or rats confronting an intruder, and by fish, mice, rats, cats, pigs, and monkeys
establishing and maintaining their dominance (see Table 7A; e.g., Yen et al.,
1959; Tedeschi et al., 1959a; Horovitz et al., 1963; Lister et al., 1971; Lal et al.,
1975; Kido et al., 1967; Olivier and van Dalen, 1982). This substantial literature
defines several features of the antiaggressive effects of neuroleptics. One of the
most important characteristics of neuroleptics is their potent sedative and
tranquilizing effect. The antiaggressive effects of these drugs appear to be part
of the tranquil state. Depending on the demand that is placed on the organism,
assessments of the motor capacities show that neuroleptics suppress a range of
active forms of behavior, but preserve reactive response capacities. A
characteristic effect of moderate doses of these drugs is a lengthening of the
time to initiate behavioral action, including aggressive acts. Detailed ethological
analyses of behavioral sequences reveal a shift from rapid short-duration acts to
prolonged postures (e.g., Silverman, 1965a,b, 1966; Schmidt and Apfelbach,
1977). A further increase in neuroleptic dose renders animals incapable of
engaging in coordinated motor behavior.

Defensive reactions to brain stimulation or painful environmental events
have proven relatively immune to the suppressive effects of neuroleptic drugs
(see Table 7A; e.g., Dubinsky and Goldberg, 1971; Andy and Velamati, 1978;
Tedeschi et al., 1969). Studies in mice and rats point to potent modulatory
effects on escape and defensive responses by treatment with D2 receptor
antagonists (Silverman, 1965a,b) and agonists (Puglisi-Allegra and Cabib,
1988; Cabib and Puglisi-Allegra, 1989).

The clinical experiences with neuroleptics confirm their immediate
effectiveness in controlling aggressive and violent behavior, which makes these
drugs suitable for emergency treatment (e.g., Ananth et al., 1972; Poldinger,
1981; Tardiff, 1982, 1984; Sheard, 1983; Conn and Lion, 1984; Tupin, 1985;
Clinton et al., 1987; Itil and Reisberg, 1978). As summarized in Table 7B,
neuroleptics potently decrease a wide spectrum of aggressive and violent acts
ranging from inpatients and outpatients with amphetamine or endogenous
psychosis (e.g., Itil and Wadud, 1975; Yesavage, 1982; Sheard, 1983; Klar and
Siever, 1984), to hostile depressive patients
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(Overall et al., 1964), mentally retarded patients (e.g., Hacke, 1980; Read and
Batchelor, 1986), and opiate addicts or alcoholics during withdrawal (e.g., Itil
and Seaman, 1978). The generality of the antiaggressive effects of neuroleptics
does not extend to patients with intermittent explosive and epileptic disorders.
Neuroleptics are not recommended for use in controlling aggressive behavior in
epileptics (Itil, 1981; Sheard, 1983). Overall, antipsychotic drugs, along with
benzodiazepines (see below), may be considered relatively safe emergency
medications in managing violent outbursts. However, the neuroleptics'
impressive efficacy and wide generality, with relatively few nonresponders or
contraindications, should not be confused with a specific action on
neurobiologic mechanisms mediating aggressive and violent behavior. As a
matter of fact, neuroleptics engender serious compromising autonomic and
neurologic conditions in the long-term treatment of aggressive, violent, hostile,
and explosive individuals that argue against their use as maintenance therapies
of choice (e.g., Lion, 1975; Leventhal and Brodie, 1981; Tupin, 1985;
Yudofsky et al., 1987; Itil and Reisberg, 1978).

Aggressive and destructive behavior in children, usually diagnosed with
conduct disorder, minimal brain damage, or mental retardation, has been
successfully decreased with thioridazine and similar
piperidylalkylphenothiazines (see Table 7B; e.g., Alderton and Hoddinott,
1964; Alexandris and Lundell, 1968). In addition to the reduction in aggressive
behavior, these neuroleptics also had pronounced effects on the level of motor
activity, not only decreasing hyperactivity, but often lengthening reaction times
and sometimes leading to apathy and drowsiness (e.g., Shaw et al., 1963;
Alexandris and Lundell, 1968; Le Vann, 1971; Campbell et al., 1972;
Campbell, 1987). These observations parallel those in animal preparation and
again question the specificity of these drugs for the treatment of aggressive
behavior. Winsberg et al. (1976) recommend psychostimulants and tricyclic
antidepressants in preference to antipsychotics as pharmacotherapy for
hyperactive and aggressive children.

Very violent psychiatric inmates, 44 of whom had committed violent
crimes, were considered to have benefited in terms of their functioning and
social adjustment when maintained on fluphenazine deconate, thioridazine, or
other long-lasting antipsychotics (Scarnati, 1986). It appears that this most
violent psychiatric inmate population requires higher than normal doses of
antipsychotic medication, despite the risk of tardive dyskinesias.

Several decades of clinical experience and research history have
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documented the strong sedative effects of neuroleptics and revealed their most
significant long-term side effects. Tardive dyskinesias and dystonias may be
managed by dosage adjustments and usage of depo formulations (e.g.,
Leventhal and Brodie, 1981; Itil, 1981). In a small subpopulation of individuals,
the risk of hypotension or agranulocytosis limits the use of certain
phenothiazines or the atypical neuroleptic, clozapine.

Concluding Statement

The neurobiologic mechanisms for the antiaggressive and violence-
controlling effects of neuroleptic or antipsychotic drugs are linked to their
action on dopaminergic and noradrenergic receptors (discussed earlier). These
drugs fundamentally modulate the way in which antecedent and consequent
events impact on behavior, and the way behavioral activities are initiated and
patterned. The potent antiaggressive effects of antipsychotics appear to be part
of the profound action of these drugs; they are not specific to aggressive and
violent types of behavior. Given the lack of behavioral specificity and the risk
of neurologic and autonomic side effects, neuroleptics should be used only in
emergency situations. Novel drugs with selective action on dopamine receptor
subtypes may feature more specific behavioral effects. These agents need to be
investigated for their therapeutic effects in aggressive and violent individuals.

ANTIDEPRESSANTS

The potential common origin for aggressive, hostile, and violent acts and
feelings and for depressive pathologies, particularly in those with suicidal
tendencies, has been a long-standing postulate (e.g., Freud, 1917). During the
past 15 years, low 5-HT concentrations and metabolite levels in brain and spinal
cord as well as in blood platelets in subgroups of depressive patients with poor
impulse control and in violent alcoholics have been interpreted as consistent
with early psychoanalytic postulates (e.g., Asberg et al., 1987; Van Praag, 1982;
see above). Recent efforts in antidepressant research have focused on the
inhibition of uptake sites and receptor subtypes for serotonin, blurring the
distinction between pharmacotherapies for certain types of anxiety and
depression. The classic antidepressant drugs include such chemically diverse
substances as imipramine-type tricyclics, monoamine oxidase inhibitors, and
lithium.

NEUROCHEMISTRY AND PHARMACOTHERAPEUTIC MANAGEMENT OF
AGGRESSION AND VIOLENCE

271

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


Noradrenergic and Serotonergic Reuptake Blockers and MAO Inhibitors

The most consistent effect of antidepressant drugs in animal preparations is
the blockade of killing behavior in laboratory rats (see Table 8A). The
efficacious and potent suppression of mouse killing (antimuricidal effect) by
drugs that are clinically useful as antidepressants is exploited as a screening
device in drug development research, but has provided little insights into the
neurobiology of killing behavior. The antimuricidal effect is seen with
relatively low doses of antidepressants that act either by noradrenergic or
serotonergic reuptake inhibition or as MAO inhibitors (e.g., Horovitz et al.,
1966; Valzelli and Bernasconi, 1976; Shibata et al., 1984). Microinjection
studies suggest the amygdala and the posterior and lateral hypothalamus as the
most effective sites for tricyclics to achieve blockade of killing behavior in rats
and cats (Leaf et al., 1969; Dubinsky et al., 1973; Watanabe et al., 1979; Hara et
al., 1983). The neurobiologic mechanisms for killing behavior by rats and those
for predatory killing by carnivores appear to differ. Blockade of noradrenergic
or serotonergic uptake sites by tricyclic antidepressants or by fluoxetine does
not modulate predatory killing by cats or ferrets (Karli et al., 1968; Leaf et al.,
1978; Schmidt, 1979, 1980; Schmidt and Meierl, 1980). These findings
question to what extent antidepressant blockade of killing by rats can be
extrapolated to killing behavior in other animal species or possibly humans.

As summarized in Table 8A, much of the work with experimental
preparations of animal aggression and antidepressants has employed acute
administration of these drugs. The clinical relevance of this considerable
literature is to caution against the use of tricyclics or MAO inhibitors in acute
emergencies for controlling violent individuals. The studies in animals prove
these agents not to be particularly selective or reliable in decreasing aggressive
responses. Acute administration of tricyclic as well as MAO-inhibiting
antidepressants most often decreased aggressive behavior of isolated mice, rats
in competition tests, or rats rendered irritable by neurotoxicity or neural lesions,
often only at sedative and motor-impairing doses (e.g., DaVanzo et al., 1966;
Sofia, 1969b; Isel et al., 1988; Isel and Mandel, 1989). Antidepressants with 5-
HT reuptake-blocking properties decrease aggressive elements of behavior, but
increase defensive responses in several animal preparations (Table 8A; e.g.,
Poshivalov, 1981; Olivier and van Dalen, 1982; Carlini and Lindsey, 1982).
Antidepressants, especially when
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given chronically to rats, may actually increase aggressive-defensive responses
in reaction to noxious stimuli such as pain or sleep deprivation (see Table 8A;
e.g., Eichelman and Barchas, 1975; Carlini et al., 1976; Prasad and Sheard,
1982, 1983a,b; Willner et al., 1981; Mogilnicka et al., 1983). The increased
sensitivity to aggression-provoking aversive events during chronic treatment
with antidepressants in mice and rats may be based on regulatory changes at
noradrenergic or serotonergic receptors (e.g., Eichelman, 1979; Sheard, 1981).
It is conceivable that noradrenergic receptor hypersensitivity may be
responsible for the occasional instances of so-called paradoxical rage in human
patients (e.g., Pallmeyer and Petti, 1979; Rampling, 1978; Tupin, 1985).

Similar to the overall pattern of results with animal preparations, in clinical
studies of inpatients and outpatients, imipramine and similar antidepressants are
of poor and inconsistent efficacy in reducing aggressive behavior (e.g., Itil and
Seaman, 1978; see Table 8B). In a small number of obsessive-compulsive
patients, clomipramine reduces aggressive thoughts (Rapoport, 1989). The most
clear effects on aggressive behavior by imipramine and amitriptyline are
observed in hyperactive aggressive children (see Table 8A; e.g., Winsberg et
al., 1972; Yepes et al., 1977; Puig-Antich, 1982). In this group of patients,
tricyclic antidepressants may be a suitable alternative to the more commonly
used methylphenidate-type medications.

Lithium

More than 40 years ago, Cade (1949) recommended lithium as a beneficial
treatment to ''control … restless impulses and ungovernable tempers" in
preference over prefrontal leukotomy! There is remarkably consistent evidence
for the selective antiaggressive effects of lithium from experimental studies in
several animal preparations and from psychiatric inpatient studies with various
diagnoses (see Tables 9A and 9B). The most relevant evidence comes from
experimental studies in violent prisoners that show long-lasting decrements in
assaultive episodes while being maintained on lithium (e.g., Sheard, 1983, 1988).

The experimental evidence from animal studies delineates several
important characteristics of lithium's effects on aggressive behavior (see
Table 9A). (1) The suppression of aggressive behavior is most reliable when
lithium is given chronically such as in drinking water or food. (2) It is essential
to monitor lithium in the blood to define the therapeutic window for a given
individual.
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Very low doses of lithium either are ineffective or can actually increase
certain aggressive responses, and high doses induce renal and thyroid toxicity
(e.g., Ozawa et al., 1975; Broderick and Lynch, 1982; Sovner and Hurley, 1981;
Glenn et al., 1989; Craft et al., 1987). (3) Lithium is particularly effective in
reducing attack behavior by isolated mice; threats and attacks by resident mice,
hamsters, or fish toward an intruder; defensive responses to noxious stimuli;
and irritability due to brain injury (see Table 9A; e.g., Weischer, 1969; Sheard,
1973; Eichelman et al., 1977; Oehler et al., 1985a). However, other types of
aggressive behavior, such as maternal aggression and predatory killing, remain
unaltered by lithium, even when given chronically (e.g., Brain and Al-Maliki,
1979).

The animal studies also highlight important limitations of the use of
lithium in the management of violent and aggressive individuals. The potential
for renal and thyroid toxicity at too high lithium doses requires close monitoring
of adequate dosing and blood levels. Lithium may induce nausea that is readily
conditioned to features of the environment surrounding the drug administration.
For example, conditioned taste aversion, initially demonstrated in laboratory
rats, inhibits coyotes from attacking sheep after they have consumed as little as
a single meal of lithium-laced sheep meat (e.g., Gustavson et al., 1974; Krames
et al., 1973; O'Boyle et al., 1973). Lithium-induced nausea may be a further
reason for the poor compliance with this type of medication in outpatients.

There are numerous demonstrations of antiaggressive effects in lithium
responders among institutionalized individuals with diagnoses ranging from
mental retardation to epilepsy, psychosis, and antisocial personality (see
Table 9B; e.g., Dostal and Zvolsky, 1970; Tupin, 1972; Goetzl et al., 1977;
Dale, 1980; Craft et al., 1987; Glenn et al., 1989; Luchins and Dojka, 1989).
The most convincing evidence for lithium's effectiveness as an antiaggressive
medication was gathered in violent prisoners (see Table 9B; Sheard, 1971,
1977b; Sheard and Marini, 1978; Marini and Sheard, 1976, 1977; Tupin et al.,
1973). Sheard's initial placebo-controlled study on 12 male volunteer prisoners
in whom lithium given three times a day decreased assaultive behavior and
verbal hostility as assessed by the prison staff was confirmed in a larger double-
blind study with 66 highly aggressive prisoners (Sheard et al., 1976). In both a
Connecticut and a California sample of violent convicts, lithium achieved a near
elimination of aggressive feelings and violent behavior over 3-18 months of
treatment (Tupin et al., 1973;
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Sheard and Marini, 1978). These therapeutic effects were obtained with lithium
doses that did not produce cognitive impairment or physiological toxicity.

Concluding Statement

Antidepressants that produce their therapeutic effect as a result of
noradrenergic or serotonergic uptake blockade are relatively weak and
inconsistent antiaggressive agents. The only possible exception may be
beneficial effects in patients with compulsive-obsessive disorder in whom
serotonergic uptake blockers reduce aggressive behavior.

The preclinical and clinical evidence establishes lithium as an effective
long-term antiaggressive substance. Due to its poor compliance the
antiaggressive effects are more readily seen in institutionalized individuals in
whom medication delivery is supervised and blood levels are monitored. The
major limitations of lithium therapy are the potential for toxic reactions in the
thyroid and renal systems, nausea, and complete lack of therapeutic response.
Only a more satisfactory understanding of the mechanisms by which lithium
produces its antiaggressive effects would aid in diagnosing lithium responders
more readily.

ANXIOLYTICS

The management of aggressive and violent behavior with antianxiety drugs
emerged as a therapeutic option within the past three decades when
benzodiazepines and serotonin receptor agonists became the most effective and
widely used substances for generalized anxiety disorders. Earlier generations of
sedative drugs with antianxiety effects such as alcohol and barbiturates are
highly problematic in their actions on violent and aggressive behavior because
of their aggression-heightening properties in a considerable proportion of
individuals (e.g., Miczek, 1987; Miczek et al., in this volume).

Ever since benzodiazepines were introduced in the early 1960s and prior to
an adequate understanding of their mechanisms of action, they have been
successfully used in clinical practice not only for primary indications in anxiety
and sleep disorders, muscle relaxation and sedation, but also for the acute
management of aggressive and violent individuals. A new era of
benzodiazepine research began in 1977 with the biochemical identification of
the benzodiazepine receptor in several organs, including brain (Braestrup
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and Squires, 1977; Möhler and Okada, 1977). This receptor has been localized
on certain subunits of the GABAA-benzodiazepine receptor-chloride channel
complex (e.g., Schwartz, 1988; Haefely, 1990). One may anticipate the
identification of endogenous chemical factors that activate or inhibit
benzodiazepine receptors and play a significant role in the neural mechanisms
of intense affect, extending also to aggressive and violent behavior. At present,
a wide range of substances has been synthesized that alter the activity of
benzodiazepine receptors and have considerable therapeutic promise in the
acute as well as the long-term treatment of violent and aggressive individuals.

GABAA-BENZODIAZEPINE RECEPTOR-CHLORIDE
CHANNEL COMPLEX, AGGRESSION, AND VIOLENCE

One of the first identified major properties of benzodiazepines was their
taming and antiaggressive effect on wild and domesticated animals ranging
from large primates to various zoo and laboratory animals (Table 10A; e.g.,
Heise and Boff, 1961; Heuschele, 1961; Langfeldt and Ursin, 1971). In the past
30 years, benzodiazepines' effects on many types of aggressive behavior in
animals, as well as on hostile, aggressive and violent behavior in clinical
populations, have been assessed (for reviews, see DiMascio, 1973; Tupin, 1985;
Miczek, 1987; Brizer, 1988). Several important pharmacologic, clinical, and
behavioral insights about benzodiazepines and aggressive or violent behavior
have emerged.

Benzodiazepines effectively reduce aggressive behavior in animals and
humans that is primarily of a defensive nature. Consistent evidence documents
that chlordiazepoxide, diazepam, oxazepam, and other benzodiazepines
effectively reduce retaliatory, defensive, and flight reactions in various animal
preparations. As detailed in Table 10A, when feral animals are provoked by an
approaching experimenter, or when laboratory rats or cats are exposed to
painful electric shock pulses or electrical stimulation of limbic and
hypothalamic structures, they react with retaliative and defensive acts (e.g.,
Christmas and Maxwell, 1970; Malick, 1970; Langfeldt and Ursin, 1971;
Fukuda and Tsumagari, 1983; Blanchard et al., 1989; Sulcova and Krsiak,
1989; Kalin and Shelton, 1989). Benzodiazepines decrease these defensive
reactions on acute administration in a dose range that is lower than that
sufficient to cause sedation or muscle relaxation.

Offensive and charging aggressive behavior in animals as well as
assaultive and combative behavior in humans may also be reduced
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by benzodiazepines, as demonstrated by the early studies with chlordiazepoxide
and diazepam, and more recently with lorazepam, oxazepam, and midazolam
(e.g., Lion, 1979; Bond et al., 1989; see Tables 10A and 10B, 11A and 11B).
For example in animal studies, chlordiazepoxide, diazepam, alprazolam, or
other benzodiazepines cause isolated mice to pursue, threaten, and bite
opponents less frequently (e.g., Da Vanzo et al., 1966; Poshivalov et al., 1987;
Krsiak and Sulcova, 1990), and reduce the aggression of dominant rhesus
monkeys toward group members (e.g., Delgado et al., 1976). In clinical studies,
different kinds of benzodiazepines reduce various types of aggressive and
violent behavior ranging from from assaults, homicidal violence, and
destructive or abusive behavior, to temper tantrums, postictal aggressive
outbursts, agitation, and feelings of hostility and irritability (see Tables 11A and
11B; e.g., Tobin and Lewis, 1960; Monroe and Dale, 1967; Rickels and
Downing, 1974; Lion, 1979; Keats and Mukherjee, 1988).

Shortly after the introduction of chlordiazepoxide (Librium®) and
diazepam (Valium®), these substances were evaluated in the medication of
patient inmates in penal institutions and juvenile detention centers (Kalina,
1964; Gleser et al., 1965). Hostility, abusiveness, belligerence, destructiveness,
and assaultiveness were found to be markedly reduced in these open,
nonplacebo-controlled trials with both benzodiazepines. Even on acute
administration, midazolam stopped temper tantrums, assaults, and self-injurious
behavior in certain mentally retarded patients (Bond et al., 1989).

A significant limitation of the antiaggressive effects of acutely
administered benzodiazepines is their strongly sedating and muscle-relaxant
side effects. Several extensive dose-effect studies in animal preparations
indicate that the dose range for the antiaggressive effects overlaps considerably
that for sedation (see Table 10A). Although these side effects are acceptable in
an emergency situation with a violent individual, they indicate that the
antiaggressive effects of acutely administered benzodiazepines cannot be
considered behaviorally specific. With repeated administration of
benzodiazepines, substantial tolerance to the sedative and muscle-relaxant
effects is seen (File, 1985; Sepinwall et al., 1978).

The most problematic feature of benzodiazepines and aggressive behavior
is their potential to increase this behavior under several conditions in a
considerable proportion of animals and in humans (see Tables 10 and 11).
Starting in the 1960s a series of case reports, as well as experimentally well-
controlled double-blind studies, alerted to the paradoxical aggression-
heightening effects of benzodiazepines in certain individuals (Lion et al., 1975a;
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Salzman et al., 1969, 1974; DiMascio et al., 1969; Kochansky et al., 1975,
1977; Griffiths et al., 1983; Lipman et al., 1986). For example, clonazepam
treatment had to be discontinued in epileptic patients due to the emergence of
aggressive outbursts and temper tantrums (Guldenpfennig, 1973). Also, several
case reports indicate that alprazolam may induce hostile, agitated, irritable, and
physically assaultive behavior in panic disorder patients (e.g., Rosenbaum et al.,
1984; Strahan et al., 1985; Gardner and Cowdry, 1985; Pecknold and Fleury,
1986).

Every review during the past two decades points to the increased hostility
and violent episodes (paradoxical rage) in a certain proportion of individuals
treated with benzodiazepines, although opinions differ as to the frequency or
rarity of these "paradoxical" responses (see, Tables 11A and 11B; e.g., Rickels
and Downing, 1974; Zisook et al., 1978; Lipman et al., 1986; Dietch and
Jennings, 1988). Violent outbursts are more likely in certain individuals as a
result of toxic reactions to diazepam, chlordiazepoxide, clonazepam, and
alprazolam, but are apparently absent with oxazepam (Bond and Lader, 1979;
Sheard, 1983; Eichelman, 1987; Dietch and Jennings, 1988). The
benzodiazepine dose is a critical determinant of whether or not irritability,
hostility, or violent acts may occur (e.g., Azcarate, 1975). Systematic dose-
effect determinations in animal aggression preparations demonstrate the
aggression-increasing effects of lower diazepam doses and the opposite,
aggression-decreasing effects at higher doses (Table 10A). There is also
evidence that during the course of chronic benzodiazepine treatment, and on
withdrawal from prolonged treatment, increased irritability and aggressive
behavior may emerge in a certain proportion of individuals (Table 10B and
11B; e.g., File, 1986a,b; Yoshimura et al., 1987; Yudofsky et al., 1987).

Because benzodiazepines are the most widely prescribed psychoactive
drugs worldwide, an unambiguous assessment of their violence-controlling
efficacy as well as their so-called paradoxical aggression-enhancing effects is
urgently needed. Of particular urgency is the improved psychiatric and
neurologic diagnosis of those patients who are prone to exhibit increased
hostility and violent outbursts. It is feasible that the regulation of the GABAA-
benzodiazepine receptor is critically determined by genetic predispositions and
modulated by life experiences with affective aggressive behaviors.
Pharmacologic probes of the GABAA-benzodiazepine receptor complex should
be investigated for its utility as a diagnostic tool in individuals with various
anxiety disorders and also in those with a propensity for violent outbursts.

In recent years, the range of substances activating and blocking
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the GABAA-benzodiazepine receptor complex, fully or in part, has increased
greatly in number and in selectivity (Haefely, 1990). Promising evidence
indicates that benzodiazepine receptor antagonists such as flumazenil
effectively reduce the heightened aggressive behavior after alcohol in rats and
monkeys (Weerts et al., 1993). The clinical potential of benzodiazepine receptor
partial agonists and antagonists in the treatment of violent individuals needs to
be explored.

5-HT Anxiolytics

During the last decade, buspirone emerged as prototypic substance for a
new class of anxiolytic drugs with the 5-HT1A receptor subtype as primary site
of action (Taylor, 1988). These drugs have begun to be explored for their use in
the pharmacotherapeutic management of aggressive and violent individuals. In
a few available animal studies, buspirone, ipsapirone, and gepirone reduced
aggressive and defensive responses with modest specificity for aggressive
elements of behavior (Table 10A; e.g., Olivier et al., 1984, 1989). Two recent
studies in 24 mentally retarded patients showed that buspirone eventually
decreases aggressive and self-injurious behavior without sedation or tolerance
(Ratey et al., 1989; Ratey and Driscoll, 1989). It is important to point to the
requirement of repeated drug administrations over days and weeks before the
therapeutic effects of buspirone and similar 5-HT anxiolytics fully emerge (e.g.,
Barrett and Witkin, 1991). Whether or not these new 5-HT1A anxiolytics prove
to be more effective in controlling intense assaultive and combative behavior
and less problematic in terms of side effects than existing substances remains to
be demonstrated. Systematic evidence needs to be gathered as to which type of
aggressive or violent behavior is most effectively reduced by these anxiolytics,
and which treatment conditions are required for therapeutic success.

Beta-Blockers

Ever since Elliott (1977) resorted to the cardiovascular drug propranolol to
reduce aggressive outbursts in seven belligerent patients, a series of open
clinical trials confirmed the clinical success in several patient populations.
Specifically, propranolol and other beta-blockers reduce irritability, self-
injurious behavior, violent outbursts, and assaultive and destructive behavior in
patients diagnosed as mentally retarded, brain damaged, schizophrenics,
psychotics, autistic, Korsakoff, or organic brain disease (see Table 11;
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e.g., Yudofsky et al., 1981, 1984; Williams et al., 1982; Ratey et al., 1983,
1986, 1987; Greendyke et al., 1984; Luchins and Dojka, 1989). It is most
remarkable that these clinical improvements were achieved in a patient
subpopulation that had been treated unsuccessfully with anxiolytic,
antidepressant, and neuroleptic agents. Several animal studies also found
relatively selective antiaggressive effects of propranolol (see Table 10A; e.g.,
Delini-Stula and Vassout, 1979; Miczek and DeBold, 1983; Yoshimura and
Ogawa, 1985). In recent placebo-controlled, double-blind studies, Ratey and
coworkers (1990; Lindem et al., 1990) demonstrated significant decreases in
destructive behavior and verbal outbursts of mentally retarded inpatients with
the newer agents nadolol and pindolol. At present, it is unclear whether or not
these substances derive their clinical benefit in aggressive individuals from their
antagonistic action on beta-adrenergic receptors or their action on 5-HT1A

receptors.
The most significant limitation of treatment with beta-blockers is their

effect on the cardiovascular system. For example, Sheard (1984) points to low
blood pressure, headaches, dizziness, fatigue, insomnia, and depression as the
most serious side effects of beta-blockers. Most clinical studies also find a
reemergence of aggressive behavior after beta-blocking agents are discontinued
(Schreier, 1979; Horn, 1987).

Concluding Statement

The use of anxiolytic agents in the pharmacotherapeutic management of
violent individuals, although widespread, is not without problems. In
emergency situations, injections of benzodiazepines effectively calm violent
individuals. In these types of situations, sedation, loss of motor coordination,
and other debilitating effects are rarely a concern. Prolonged treatment of
violent individuals within the clinical population typically produces tolerance of
the sedative effects of benzodiazepines without reducing their therapeutic
effects on violent or aggressive behavior. The selective 5-HT1A anxiolytics
show considerable promise as nonsedative antiaggressive agents.

An additional concern for clinician is the "paradoxical rage" response
observed in a portion of the patients treated with benzodiazepines. The present
diagnostic tools do not reliably identify individuals that are prone to these
aggressive outbursts. An important objective of future research is to delineate
unique characteristics of the GABAA-benzodiazepine receptor complex or 5-HT
receptors that predict propensity to engage in violent behavior.
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Nutrition and Violent Behavior

Robin B. Kanarek

INTRODUCTION

The concept that nutrition can affect behavior is not new. For thousands of
years, people have believed that the food they eat can have powerful effects on
their behavior. Some foods have been blamed for physical and mental ills,
whereas others have been valued for their curative or magic powers. Within this
framework, a variety of ideas about the association between food and antisocial
behavior have arisen. For example, many primitive societies believe that an
individual takes on the characteristics of the food that he/she consumes. Thus,
eating aggressive animals (e.g. lion) is associated with belligerent behavior,
whereas eating timid creatures (e.g. rabbit) is identified with less hostile acts.

The belief that certain foods can lead to antisocial or aggressive behavior is
not limited to primitive societies. In this country, the idea that food affected
behavior was an integral part of the nineteenth century health reform
movement. The concept that ''you are what you eat" was fundamental to the
movement. Diet was believed to determine not only health and disease, but also
spirituality, mental health, intelligence, and temperament. The health reform
movement produced persuasive leaders who charmed

Robin Kanarek is at the Department of Psychology, Tuffs University.
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their followers with their oratory and their own brand of proselytism. Two of
the most prominent leaders of this movement, Sylvester Graham (remembered
best for the development of the graham craker) and John Harvey Kellogg
(recognized for the introduction of precooked breakfast cereals), lectured
widely throughout this country promoting the use of natural foods and decrying
the ingestion of meat, which they believed would lead to the deterioration of
mental functioning and the arousal of animal passions (Whorton, 1982).
Kellogg further concluded that the breakdown products of meat acted as
dangerous toxins that, when absorbed from the colon, produced a variety of
symptoms including depression, fatigue, headache, and aggression. Kellogg
wrote that "the secret of nine-tenths of all chronic ills from which civilized
human beings suffer" including "national inefficiency" and "moral and social
maladies" could be traced to the meat eater's sluggish bowels (Kellogg,
1919:87). In keeping with his puritanical background, Kellogg also warned his
followers that spicy or rich foods would lead to moral deterioration and acts of
violence (Kellogg, 1882:244–245).

The foregoing historical information should not be seen as simply
humorous background material. Ideas about food and behavior continue to be
prevalent. The last decade has witnessed an explosion of interest in the field of
nutrition and behavior. The current obsession with health and fitness, as well as
the desire to use diet as a panacea, has led to a myriad of dietary "self-help"
books. Unfortunately, the consumer's desire for simple answers to complex
questions has often led to misinterpretation or even misrepresentation of
scientific data. Correlational data have been interpreted as signifying cause and
effect relations. With the public spotlight focused so strongly on the area of
nutrition and behavior, it is crucial that research in this area be based on proper
methodology and careful interpretation of data. This is particularly true for
studies examining the relationship between diet and antisocial behavior because
policy decisions may be made on the basis of this research.

RESEARCH ON DIET AND BEHAVIOR

METHODOLOGICAL ISSUES

One of the more difficult problems in research on diet and behavior is how
to separate nutritional from nonnutritional factors. Because food is so intimately
involved with other aspects of our daily lives, it contains much more than its
obvious nutritional
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value. Food is an intrinsic part of social functions, religious observations, and
cultural rituals. Because food is a "loaded" variable, both experimenters and
subjects may harbor biases about expected research outcomes. To minimize the
confounding effects of these biases, double-blind procedures in which neither
the experimenter nor the subjects know what treatment is given must be used.

In general, research on nutrition and behavior would benefit from the
methodological controls used in psychopharmacology (Dews, 1986). Two
variables that are important in drug studies are dose and length of treatment.
Because consumption of a small amount (dose) of a dietary component may
produce behavioral effects that differ from consumption of a larger amount,
several doses of a dietary component should be tested whenever feasible. By
using different doses, researchers can determine if there is a systematic
relationship between the dietary variable and behavior. The lack of a systematic
effect should be taken as a danger sign either that the apparent effect is spurious
or that the variability is greater than expected.

The duration of dietary treatment is also critical. Although short-term
(acute) studies permit evaluation of the immediate effects of a dietary treatment,
they cannot provide information about long-term (chronic) exposure. Because
the behavioral effects of dietary components (e.g., food additives) may only
appear with extended exposure, both acute and chronic studies should be used
to assess the nutrition-behavior interaction.

Diurnal variations in subjects' responses to nutrients should also be
considered in diet-behavior studies. For example, it was recently observed that a
snack (candy bar or yogurt) significantly improved subjects' ability to pay
attention to relevant stimuli when it was eaten in the late afternoon, but not
when it was consumed in the late morning (Kanarek and Swinney, 1990).

Prior nutritional status also has the potential of influencing the results of
acute experiments. The types and amounts of foods previously consumed can
affect the metabolism of a test nutrient. Standardizing dietary intake prior to
evaluating the behavioral consequences of a test nutrient can eliminate this
source of variation.

Another challenge in planning nutrition and behavior experiments is
choosing appropriate subjects. Differences in nutritional history, socioeconomic
background, and other environmental factors create subject heterogeneity that
poses a threat to the internal validity of the research. Internal validity concerns
the ability
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to conclude that a causal relationship exists between an independent and a
dependent variable. Because of subject heterogeneity, alternative explanations
may exist for the observed experimental effects, which lowers internal validity.
For example, research on the dietary treatment of hyperactive children has
shown that the home environment can affect the results of a study. Children
from an unsupportive home environment show much less improvement with
dietary treatment than children from a more supportive home environment
(Rumsey and Rapoport, 1983).

Finally, the external validity of experimental findings must be considered.
For example, the behavioral effects of a nutritional variable, observed in male
college students, and tested in a laboratory during a single test session, may
have little to do with the behavior of the general public in its everyday lives.
Researchers face a dilemma in trying to choose between a controlled but
artificial laboratory setting and a "real" or naturalistic setting that may be full of
confounding factors. "Quasi-natural" studies, which could capture the
advantages of both the laboratory and the real world, should be considered
(Kanarek and Orthen-Gambill, 1986).

EXPERIMENTAL STRATEGIES

Three primary strategies have been used in research on diet and behavior.
Correlational studies have been employed for generating hypotheses about diet-
behavior relationships. The major objective of these studies is to define a link
between dietary intake and behavior, with the specific expectation that
statistical associations will be derived between the two variables. This type of
research can provide important insights for experimental evaluation of the diet-
behavior relation.

There are, however, several conditions that must be met before the validity
of a correlational study can be accepted. First, reliable and valid measures of
dietary intake must be made. One of the most widely used approaches for
assessing dietary intake is the 24-hour recall in which subjects are asked to
record everything that they have consumed during the preceding day. However,
because there are wide day-to-day variations in an individual's food intake, a 24-
hour record may not provide an accurate determination of average food intake.
As a result, it has been suggested that a minimum of seven 24-hour recalls be
used (Anderson and Hrboticky, 1986).

Second, proper subject sampling techniques must be used. In general, the
larger the number of subjects, the better. If the number
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of subjects is too small, the probability of observing a significant relation
between a dietary variable and behavior is reduced, and a false negative
association may be assumed. On the other hand, correlation studies using large
numbers of subjects risk the possibility of false positive associations. For
example, when correlations are made between several dietary variables and
behavior, the chance of achieving statistically significant results increases with
the number of subjects and with the number of correlations made. In addition,
when large numbers of subjects are used, small correlations can become
statistically significant, making it necessary for the researcher to decide on the
clinical importance of such results (Anderson and Hrboticky, 1986).

A common method of subject selection used in studies of diet and behavior
involves the placement of media advertisements. Although this method is
convenient, such sampling increases the probability of including self-selected
members of the general population. For example, if a researcher wants to test
the hypothesis that sugar influences hyperactivity in children and advertises the
study as such, the subjects may be derived predominantly from families in
which parents believe such an association exists.

Finally, cause and effect relations cannot be established from correlational
data. For example, positive correlations have been reported between sugar
intake and hyperactive behavior in children. These results have been interpreted
by some (especially in the popular media) as demonstrating that sugar causes
hyperactivity. However, it is just as possible that high levels of activity increase
sugar intake or that a third unidentified variable influences both sugar intake
and hyperactivity.

In contrast to correlational studies, experimental studies have the potential
of identifying causal links between diet and behavior. The manipulation of a
specific dietary component (the independent variable) may alter the occurrence
of a behavioral measure or cognitive function (the dependent variable). Two
major paradigms have been used in these studies. In dietary replacement
studies, the behavioral effects of two diets, one containing the food component
of interest (e.g. food additives) and the other not containing that food
component, are compared over some period of time (e.g. two to three weeks).
One obvious advantage of this method is that chronic dietary effects can be
assessed. However, because making two diets equivalent in all factors except
the food component being studied is difficult, it may be impossible to use
appropriate double-blind techniques. Another limitation
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is that it is not feasible to test more than one dose of the dietary variable. There
is also evidence that the order of diet presentation can influence the results of
replacement studies. Finally, replacement studies are expensive with respect to
both time and money.

Dietary challenge studies are used to evaluate the acute effects of dietary
components. In these studies, behavior is usually rated for several hours after an
individual has consumed the food component of interest or a placebo. Double-
blind procedures are relatively easy to institute. The food component and the
placebo can be packaged so that neither the subjects nor the experimenters can
detect which is being presented. A crossover procedure in which the subjects
are given the food component on one day and the placebo on another, with the
order of presentation varied among the subjects, can also be employed. In
addition, although not often done, more than one dose of the dietary variable
can easily be tested in challenge studies.

The obvious disadvantage of challenge studies is that they do not provide
information on the possible cumulative effects of a food component.

SUGAR AND BEHAVIOR

Of the many components in our diets, none has been condemned as
frequently and as vehemently as sugar. Studies reviewed by the federal
government indicate that sugar is the food people most consistently want to
avoid and the one they look for most often on a food label's list of ingredients
(Lecos, 1980). The use of sugar in our food has become a controversial issue
involving scientists, dietitians, physicians, government officials, and private
citizens.

The public strongly believes that sugar has negative effects on behavior.
This belief has been fostered by popular reports blaming sugar for a variety of
adverse behavioral outcomes including hyperactivity, depression, mental
confusion, irritability, drug and alcohol addiction, and antisocial behavior (e.g.
Dufty, 1975; Ketcham and Mueller, 1983; Schoenthaler, 1985). One of the most
celebrated examples of our negative views of sugar is the case of San Francisco
City Supervisor Dan White who shot and killed the city's mayor and another
city supervisor. White's lawyers argued that their client acted irrationally and
suffered from "diminished mental capacity" as a result of his overconsumption
of sugar-containing "junk" foods. On the basis of this argument, which
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has become known as the "Twinkie defense," White was convicted of
manslaughter rather than first-degree murder.

Is there a scientific basis for our attitudes about sugar? Before this question
can be answered, the term sugar must be defined. Although many different
types of sugar are found in our foods, most people use the word sugar to
describe the simple carbohydrate sucrose. Sucrose, the sugar on our tables and
typically used in cooking, is a disaccharide composed of the monosaccharides
fructose and glucose. Sucrose is broken down into its monosaccharide
components in the digestive tract and absorbed across the small intestine. After
absorption, glucose and fructose are carried by the blood to the liver and other
tissues. Because fructose is rapidly metabolized to glucose in the intestinal
mucosa and the liver, any discussion of carbohydrate metabolism is essentially
a discussion of glucose. Glucose is the metabolic fuel for most cells in the body
and the primary energy source for cells in the central nervous system. The
critical role of glucose in the normal functioning of the central nervous system
has helped to foster the belief that sugar can affect behavior.

SUGAR, HYPOGLYCEMIA, AND BEHAVIOR

Sugar intake has been condemned as the cause of a large number of
psychological problems, including alterations in mood, irritability, aggression,
and violent behavior. One "physiological" explanation for sugar's adverse
effects is hypoglycemia or "low blood sugar." Unfortunately, the term
hypoglycemia has frequently been misused. Many doctors, as well as patients,
are confused about the condition (Yager and Young, 1974; Nelson, 1985).

Clinically, hypoglycemia is defined by (1) low circulating blood glucose
levels—50 milligrams per deciliter (mg/dl) or less; (2) symptoms including
sweating, tremors, anxiety, headaches, weakness and hunger; and (3)
amelioration of symptoms when blood glucose is restored to normal levels by
food intake (Nelson, 1985; McFarland et al., 1987). Hypoglycemia can occur in
diabetics after the administration of insulin. Additionally, other drugs such as
antibiotics, anti-inflammatory agents, and antidepressants; insulin-secreting
tumors; and renal disease can lead to hypoglycemia.

It has been suggested that sugar consumption is a causal factor in
hypoglycemia. The rationale for this idea begins with the assumption that
simple sugars are more rapidly digested and absorbed than complex
carbohydrates and thus cause a greater increase in blood glucose levels. This
rapid rise in blood glucose
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levels stimulates insulin secretion, which has the effect of decreasing blood
glucose levels. This regulatory effect has been called reactive or functional
hypoglycemia.

There are several problems, however, with the idea that sugar intake can
cause reactive hypoglycemia. First, recent studies have shown that a simple
distinction cannot be made between sugars and more complex carbohydrates
with respect to blood glucose and insulin responses (Crapo, 1985). Foods high
in sugar can actually lead to smaller increases in blood glucose levels than
foods containing complex carbohydrates. Thus, the assumption that sugar-
containing foods uniformly lead to wide fluctuations in blood glucose values
must be viewed with caution. Another related problem is that low blood glucose
levels are not consistently associated with clinical signs of hypoglycemia.
Additionally, symptoms of hypoglycemia are frequently reported in the absence
of low blood glucose levels (McFarland et al., 1987).

In many cases, a diagnosis of hypoglycemia is made on the basis of
symptoms without appropriate laboratory evidence (Nelson, 1985; McFarland
et al., 1987). To make a diagnosis of hypoglycemia, a relationship between low
blood glucose levels and the symptoms of the disease must exist. The most
common ways of doing this are to conduct an oral glucose tolerance test
(OGTT) or to measure blood glucose levels after a normal meal. In either case,
for a diagnosis of hypoglycemia, clinical symptoms must be associated with
blood glucose levels of less than 50 mg/dl. This association is rarely observed.
Patients who have glucose levels lower than 50 mg/dl are infrequent (Yager and
Young, 1974; Nelson, 1985; McFarland et al., 1987).

Given the relative rarity of functional hypoglycemia, why has the disease
become so popular? For individuals with psychological complaints, a diagnosis
of hypoglycemia may have certain benefits. First, the disease is socially
acceptable. Rather than endure a "psychological" or otherwise stigmatizing
condition, the patient can suffer from a respectable metabolic illness. Second,
hypoglycemia gives individuals a way of easily and actively dealing with their
complaints. By following certain dietary prescriptions, the patient believes that
his symptoms can effectively be eliminated. In many cases, the act of attributing
psychological problems to hypoglycemia and altering one's diet in response to
this condition may provide some relief. Finally, hypoglycemia may be
preferable to facing the possibility of a more serious condition.
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SUGAR AND VIOLENT BEHAVIOR

During the past decade, theories relating sugar intake to violent behavior
have received increasing attention. Once relegated to articles and books directed
at food faddists, such theories are now discussed at meetings of criminologists,
and are found in books and articles aimed at personnel in the correction and
criminal justice systems. Moreover, on the basis of these theories, correctional
facilities in several states have revised their dietary policies in an effort to
reduce sugar intake and control violent behavior (Gray, 1986).

Interest in the relationship between sugar and violent behavior was sparked
by studies by Virkkunen and colleagues suggesting that hypoglycemia was
common in criminals and delinquents displaying habitually violent behavior
(Virkkunen and Huttunen, 1982; Virkkunen, 1982, 1983a, 1986a,b; Roy et al.,
1986; Linnoila et al., 1990). These studies compared glucose and insulin levels
during an OGTT between violent male offenders and male controls matched for
age and relative body weight. In comparison to controls, men diagnosed as
having either antisocial personality disorder or intermittent explosive disorder
(American Psychiatric Association, 1987) initially displayed greater increases
in blood glucose concentrations during the OGTT, followed by rapid declines in
glucose values to levels indicative of reactive hypoglycemia. Comparisons
between the two groups of offenders revealed that individuals with intermittent
explosive disorder displayed a more rapid decline of glucose levels following
the initial hyperglycemia, as well as a more rapid return from hypoglycemic
levels to the original baseline values, than individuals with antisocial
personality disorder. Men with antisocial personality disorder also demonstrated
enhanced insulin secretion compared to controls. This increase in insulin
secretion could act to augment glucose uptake by the cells and thus contribute
to hypoglycemia. In contrast to men with antisocial personality disorder, men
with intermittent explosive disorder did not have significantly elevated insulin
values compared to controls. Subsequent correlational analyses suggested that a
positive relationship existed between the duration of hypoglycemia during the
OGTT and behavioral or sleeping problems, truancy, stealing, number of crimes
against property, and multiple prison sentences (Virkkunen, 1982; Virkkunen
and Huttunen, 1982; Virkkunen, 1986a,b; Roy et al., 1986).

One explanation hypothesized for the relationship between hypoglycemia
and aggression is that a functional deficit in serotonergic
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neurons in the central nervous system may lead to abnormalities in glucose
metabolism that can be conducive to violent behavior (Roy et al., 1988;
Linnoila et al., 1990). Unfortunately, the details of this hypothesis remain to be
elucidated.

Although individuals with a history of violent behavior had a greater
tendency toward hypoglycemia than controls, this finding cannot be viewed as
unequivocal evidence of an association between hypoglycemia and aggression.
First, no determination of nutritional status was made in any of the studies
examining this association. However, in several papers, the authors noted that
habitually violent men generally had poor appetites and may not have
consumed food for many hours prior to an act of violence. It is possible that the
nutritional status of these men was not adequate. This seems particularly likely
because all of the violent offenders in the studies by Virkkunen and colleagues
had a history of alcohol abuse. Chronic alcoholics frequently substitute alcohol
for much of their normal food intake, and therefore often consume insufficient
amounts of protein and essential vitamins and minerals (Shaw and Lieber,
1988). Inadequate nutrition can lead to abnormal glucose responses. Thus, it
may not be that hypoglycemia results in violent behavior, but rather that a
lifestyle that encompasses alcohol abuse and other behaviors that contribute to
inadequate nutrition results in hypoglycemia.

A second problem is that in some studies, violent offenders were given
their normal diet for three days preceding the OGTT (e.g. Virkkunen, 1983a),
and in others, a hospital diet containing a minimum of 48–55 percent calories as
carbohydrate (e.g. Virkkunen, 1986a). The diet of control subjects was not
manipulated in any of the studies. It is thus conceivable that differences in
dietary intake immediately preceding the OGTT contributed to the differences
in blood glucose and insulin responses observed between violent offenders and
normal controls. Future research exploring hypoglycemia and aggressive
behavior should include assessments of nutrient intake for all subjects.

Another difficulty with this research is that recent work has indicated that
the OGTT may not be a good indicator of the changes in blood glucose levels
that occur after a normal meal (Crapo, 1985). Thus, the finding that individuals
with a history of violent behavior have lower glucose levels during an OGTT
does not imply that this occurs under normal feeding conditions. Measurements
of glucose and insulin levels in subjects following standard meals would be
useful for determining the relationship between hypoglycemia and violent
behavior.
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An additional problem is that although positive associations were reported
between the duration of hypoglycemic responses during the OGTT and a
number of measures indicative of behavioral problems, there is no evidence that
violent behavior actually occurred when insulin secretion was enhanced or low
blood sugar levels were experienced. Examination of mood changes and other
experimental behavioral indices of aggressive impulses during the OGTT could
help to resolve this problem.

Finally, as previously mentioned, all of the violent offenders studied by
Virkkunen and colleagues had a history of alcohol abuse. Although, as pointed
out by these investigators, alcohol may enhance insulin secretion and thus lead
to a reduction in blood glucose levels, it has a variety of other effects on the
central nervous system. These other actions certainly play a role in alcohol's
effects on aggressive behavior (see Miczek, Haney, et al., in this volume).

In a series of studies employing a dietary replacement strategy,
Schoenthaler (1982, 1983a-c, 1985) investigated the effects of reducing sugar
consumption on the behavior of inmates in juvenile detention facilities. A
similar experimental approach was used in all studies. At a specific point in
time, the institution modified its food policy in an effort to reduce sugar intake.
Typical changes in the diet included substituting honey for table sugar;
molasses for white sugar in cooking; fruit juice for Kool-aid; unsweetened
cereal for presweetened cereal; and fresh fruit, peanuts, coconut, popcorn, or
cheese for high-sugar desserts. The dependent variable in all of these studies
was the number of disciplinary actions recorded by staff members before and
during the change in food policy. On the basis of these studies, Schoenthaler
(1982, 1983a-c, 1985) claimed that antisocial behavior in juvenile offenders
could be decreased by 21 to 54 percent if sugar intake was reduced. Because
this claim has important policy implications, it warrants careful scrutiny.

The first problem posed by Schoenthaler's work is identification of the
independent variable. Sugar intake is reported to be the independent variable.
However, one does not have to be a nutritionist to appreciate that the dietary
manipulations used were of dubious value in limiting sugar intake. Many of the
dietary changes merely replaced one sugar for another (e.g. honey for sucrose).
Moreover, no measurements of actual sugar intake were made in any of these
studies. Thus, it is impossible to determine if the dietary alterations actually led
to a reduction in sugar consumption. Intake data are essential to establish if
dietary manipulations

NUTRITION AND VIOLENT BEHAVIOR 525

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Understanding and Preventing Violence, Volume 2: Biobehavioral Influences
http://www.nap.edu/catalog/4420.html

http://www.nap.edu/catalog/4420.html


have any effects and if the independent variable is operative (Hirsch, 1987).
Moreover, even if sugar intake was reduced, the diets consumed during the two
periods varied sufficiently in nutrient content to make it difficult to attribute any
behavioral change to reduced sugar intake.

A second problem with these studies is that appropriate behavioral
techniques were not used. None of these studies used standard double-blind
procedures. Both subjects and institutional officials were aware of the dietary
changes. The subjects' awareness of the changes, and also simply knowing that
they were in a study, could have led them to alter their behavior. Furthermore,
because the observers were aware of the nature of the studies, their expectations
may have influenced their observations.

The nature of the dependent variable also poses a problem. Official records
of disciplinary actions were used to assess changes in violent behavior. In many
institutions, the staff have the discretion to, or not to, record an incident, and
variation over time in the proportion of incidents reported may lead to
erroneous results (Gray, 1986). Also, in some of these studies the dietary
changes were made during the last portions of the subjects' institutional stay
(Schoenthaler, 1983a). One might expect that the number of disciplinary actions
would decrease as the juveniles either learned the rules or learned not to get
caught.

In some of these studies, concern also must be expressed for the changing
nature of the subject population. Some of the juveniles were included in both
the control and the treatment condition, whereas others were in one condition
but not the other. Finally, questions have been raised with respect to the
statistical methods used in these studies (Gray, 1986; Pease and Love, 1986).

Taken together, the studies by Schoenthaler provide little convincing
evidence for the claim that sugar intake contributes to antisocial behavior.
These studies are flawed by faulty experimental design and inappropriate
statistical analyses, and leave open the question of whether nonspecific factors
were responsible for the changes attributed to diet.

RESEARCH NEEDS FOR ASSESSING THE EFFECTS OF
SUGAR ON VIOLENT BEHAVIOR

Dietary replacement studies conducted in correctional institutions could
contribute valuable information about the effects of dietary variables on
antisocial behavior. However, these studies must be rigorously conducted and
carefully controlled. The dependent
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and independent variables must be adequately specified, and valid and reliable
methods for measuring these variables must be determined.

The starting point in this research should be accurate measurements of
nutritional intake. Appropriate dietary changes can then be instituted to reduce
sugar intake. It is important that double-blind procedures be used. To
accomplish this goal, artificially sweetened foods and beverages could be
substituted for sugar-containing items. To eliminate the possibility of order
effects, a crossover procedure in which half of the subjects receive sugar-
containing foods first and then artificially sweetened items—whereas the
remaining subjects are tested in the reverse order—should be employed. All
subjects should be examined in both treatment conditions. Food intake must be
measured to determine if dietary manipulations actually reduce sugar intake.

The second major question that must be addressed in this type of research
is what is the dependent variable. An objective criterion of antisocial or violent
behavior must be established. Additionally, by whom and when the behaviors
will be measured must be adequately specified.

It must also be realized that a number of potent variables (e.g.
overcrowding, drug use) may override the behavioral effects of dietary
modifications. Diet is only one of the many variables that can influence human
behavior. Therefore, it is important that studies on diet and behavior be
conducted in institutions offering the least number of extraneous variables.
Only then can definitive conclusions about the role of diet in antisocial behavior
be reached

SUGAR AND ATTENTION DEFICIT DISORDER WITH
HYPERACTIVITY

Attention deficit hyperactivity disorder (ADHD) is characterized by
developmentally inappropriate inattention, impulsive behavior, and significantly
elevated levels of motor activity. At home, attentional difficulties may be
manifested by failure to follow through on tasks and the inability to stick to
activities, including play, for appropriate periods of time. In school, the child
with ADHD is inattentive and impulsive, and has difficulty organizing and
completing work. In approximately half of the cases, the onset of ADHD is
before the age of 4. As many as 3 percent of preadolescent children may suffer
from ADHD, with the disorder six to nine times more common in boys than in
girls (American Psychiatric Association, 1987).
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With respect to violent behaviors, children with ADHD frequently have
difficulties interacting with their peers and may be seen as overly aggressive.
Additionally, many children with ADHD develop oppositional defiant disorder
or conduct disorder later in childhood. Among those with conduct disorder, a
substantial number have antisocial personality disorder as adults. Follow-up
studies of children with ADHD have revealed that approximately one-third
display some symptoms of the disorder as adults (American Psychiatric
Association, 1987).

One pervasive idea about sugar is that it can lead to hyperactivity in
children. This idea has been accepted by both educational professionals and
parents (McLoughlin and Nall, 1988). Evidence for this association came first
from a correlation study by Prinz and colleagues (1980) who compared sugar
intake and behavior in hyperactive and normal 4- to 7-year-old children. Seven-
day dietary records were obtained for all children. Trained observers, blind to
the nature of the experiment, then rated the children during play for a variety of
behaviors including destructive-aggressive acts (attempts to damage, strike,
kick, or throw objects in the room); restlessness (repetitive arm, leg, hand, or
head movements); and overall movement. Hyperactive and normal children
consumed equivalent amounts of sugar-containing foods. However, for children
with ADHD the amount of sugar products consumed, the ratio of sugar to
nutritional foods (foods containing neither sugar nor refined carbohydrates), and
the carbohydrate/protein ratio were all positively correlated with destructive-
aggressive and restless behaviors. In contrast, in the normal group, sugar intake
was not associated with destructive-aggressive acts but was correlated with total
body movements. Although Prinz and coworkers (1980) carefully interpreted
their work as only suggestive evidence of a role for sugar in ADHD, the data
were rapidly interpreted in the popular press as demonstrating a causal relation
between sugar and hyperactivity. Although the majority of studies on sugar and
hyperactive behavior in the last decade have not confirmed the work of Prinz et
al. (1980), the original interpretation of this work continues to be part of the
folklore about diet and behavior.

During the last 10 years, both correlational and dietary challenge studies
have assessed the effects of sugar on hyperactive behavior. For example, in an
attempt to replicate the findings of Prinz et al. (1980), Wolraich and coworkers
(1985) examined the association between sugar intake and performance on 37
behavioral/cognitive variables in hyperactive and normal boys. In contrast
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to the Prinz et al. (1980) study, sugar intake was not reliably related to
destructive-aggressive behavior in children with ADHD.

One obvious problem with correlational studies is that it is impossible to
establish cause and effect relations. To determine causality, experimental
studies that systematically manipulate sugar intake and observe its effects on
behavior are required. The most common procedure used to accomplish this
goal has been the dietary challenge. In the majority of these studies, the
behavior of hyperactive and normal children has been rated for several hours
after they have consumed a sugar-containing food or beverage, or a placebo
containing an artificial sweetener. For example, Behar and colleagues (1984)
investigated the effects of sucrose on behavior in 6- to 14-year-old boys whose
parents believed that they had adverse responses to sugar. After an overnight
fast, the boys were given a beverage containing either glucose, sucrose, or
saccharin. Motor activity, spontaneous behavior, and performance on
psychological tests were then measured for 5 hours. The negative behavioral
effects reported by parents to occur after sugar intake were not observed. In
fact, the only significant finding was that the boys were less active 3 hours after
consuming the sugar-containing beverages than after consuming the saccharin-
containing beverage. Similar negative findings have been reported in a number
of studies (e.g., Wolraich et al., 1985; Ferguson et al., 1986; Mahan et al., 1988).

One problem with the preceding studies is that they were conducted in a
laboratory environment. This rather unnatural setting may mask sugar's effects
on behavior. To circumvent this problem, Milich and Pelham (1986)
incorporated a dietary challenge into a treatment program for hyperactive boys.
The boys were fasted overnight and at 8 a.m. given Kool-aid containing either
glucose or aspartame. A double-blind crossover design was used. Beginning
one-half hour after drinking the Kool-aid, the boys were evaluated for positive
(e.g. following rules, sharing) and negative (e.g. noncompliance, teasing, name
calling) behaviors and for classroom performance. Sugar did not adversely
affect behavior or classroom performance. Similar results were obtained by
Kaplan et al. (1986) who examined the behavioral effects of breakfasts in which
dietary protein, fat, and carbohydrate were controlled while sucrose and total
calories were varied.

Because the original study by Prinz and colleagues (1980) suggested that
younger children might be more susceptible to the adverse effects of sucrose,
Kruesi and coworkers (1987) performed a dietary challenge study in preschool-
aged boys with alleged sugar
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reactivity. Again, no significant differences were observed as a function of
sugar intake.

Taken together, the results of dietary challenge studies do not support the
idea that sugar plays a major role in ADHD. In studies using hyperactive and
normal children of varying ages and employing a range of experimental
situations, sugar intake had no effects on behavior. However, although
experimental evidence is weak, parents or teachers continue to supply anecdotal
reports of the deleterious consequences of sugar. How do we reconcile these
differences?

Several factors could contribute to the differing views of scientists and
parents or teachers. One limitation of dietary challenge studies is that in most,
only a single dose of sucrose was used. The amount of sucrose used in these
studies may have been too small relative to the children's normal daily intake.
Larger amounts might have produced negative reactions. Similarly, challenge
studies can be criticized because they do not allow for the assessment of chronic
sugar intake. Cumulative sugar intake may produce behavioral effects not
detectable in single challenge tests. To help solve these problems, precise
dietary histories and dose-response determinations of sucrose's effects on
behavior are required.

Another difficulty with challenge studies is the choice of an appropriate
placebo. In most studies, either aspartame or saccharin has been used as the
placebo. Although this procedure successfully blinds the subjects to the item
they are consuming, it does not control for the fact that the challenge food not
only contains sugar, but also provides substantial calories. This presents the
possibility that any changes in behavior could be attributed to calories rather
than to sugar. Additionally, it has recently been proposed that aspartame may
have negative effects on behavior.

Time parameters may also be important in determining sugar's effect on
behavior. Most experiments have limited behavioral observations to one time
after sugar intake and may have missed the critical period for its effects on
behavior.

To overcome the objections raised about dietary challenges studies, and to
further investigate the hypothesis that sugar intake has negative behavioral
consequences, Wolraich and his colleagues (1994) evaluated hyperactive
behavior and performance on cognitive tests of school-age and preschool
children placed on diets high in sucrose, aspartame, or saccharin. To ensure that
the subjects ate only the specified diets, all food was removed from the children's
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home prior to the study, and experimental diets were provided to the subjects
and their families on a weekly basis by the research team. The children were fed
each of the diets for three weeks with the order of diet presentation varied
among the children. Results of the study were resoundingly negative. For the
school-age children, all of whom were reported by their parents to be sensitive
to sugar, none of the 39 behavioral or cognitive variables measured differed as a
function of dietary conditions. For the normal preschool children, 4 of 31
variables did differ significantly among dietary conditions. However, there was
no consistent pattern as a function of diet in the differences that were observed.

Parents and teachers may be misperceiving a relation between sugar and
behavior. Hyperactive children have difficulties in altering their behavior to
changing environmental demands. Thus, in school these children have trouble
changing their behavior from the relatively unstructured nature of a snack or
party period to the highly structured demands of class work. Because many of
the foods children consume at snack time contain sugar, it may be that the
association teachers report between sugar and behavior represents these
children's difficulties in getting back on task following an unstructured activity.
Similarly, parents often note behavioral deterioration after their child has
consumed sugar in a party situation. Hyperactive children are known to have
more difficulty in groups, and the effects parents observe may be more a
function of the situation than of the consumption of sugar-containing foods.
Finally, if parents believe that sugar intake has negative consequences, they
may be more sensitive to their child's behavior after the child has consumed a
sugar-containing food.

FOOD ADDITIVES AND ATTENTION DEFICIT DISORDER
WITH HYPERACTIVITY

In the early 1970s, Dr. Benjamin Feingold, a pediatrician and allergist,
called attention to the fact that more than 2,000 additives are part of our food
supply and hypothesized that these additives played a causal role in childhood
hyperactivity (Feingold, 1973, 1975). To test this hypothesis, Feingold began
treating children with ADHD with a diet free of food additives. Additionally, as
a result of a presumed cross-reactivity of yellow food dye with acetylsalicylic
acid (aspirin), Feingold also advocated the removal of foods containing natural
salicylates (e.g. almonds, apples, all berries, oranges, raisins, tomatoes, and
green peppers) from the
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diet of hyperactive children. On the basis of his clinical work, Feingold claimed
that a diet free of food additives and natural salicylates led to dramatic
improvements, with 50 to 70 percent of the hyperactive children placed on this
diet displaying complete remission. To obtain success, Feingold insisted that
adherence to the diet was mandatory: any infringement could lead to a return of
symptoms. He also proposed that successful treatment required the entire family
to be on the diet and that an individual sensitive to food additives must avoid
them for life. Feingold's ideas were widely publicized and rapidly gained
popularity among the public (Lipton et al., 1979; Conners, 1984).

Open clinical trials, in which parents or physicians placed children on an
additive-free diet supported Feingold's claims. However, carefully controlled
double-blind studies have generally yielded more negative results (e.g. Conners
et al., 1976; Harley et al., 1978; Goyette et al., 1978; Weiss et al., 1980). Using
a dietary replacement paradigm, Harley and colleagues (1978) compared the
behavioral effects of Feingold's diet with an ordinary diet containing additives.
Food for families in the study was provided by the experimenters, and neither
the researchers nor the family knew which diet was being consumed at any
particular time; diet phases were alternated so that all families ate both diets. No
significant improvements in behavior were noted by teachers or objective raters
in the 36 school-aged hyperactive boys in the study. However, some parents
reported improvement on the Feingold diet, but this occurred only when the diet
was given after the control diet. When 10 preschool children were tested in the
same situation, all of their mothers and most of their fathers rated the children
as more improved on the additive-free than on the control diet. Harley and
colleagues (1978:827) concluded, ''While we feel confident that the cause-effect
relationship asserted by Feingold is seriously overstated with respect to school-
age children, we are not in a position to refute his claims regarding the possible
causative effect played by artificial food colors on preschool children."

The effects of food additives on hyperactive behavior have also been
examined by using dietary challenges. In these studies, children reported by
their parents to respond positively to the Feingold diet were blindly
"challenged" by the addition of food additives to the diet. Although some
challenge studies have demonstrated a decrement in behavior when children are
given food additives (Conners, 1980; Swanson and Kinsbourne, 1980), others
revealed no detrimental effects of food additives (Conners, 1980; Weiss et al.,
1980; Mattes and Gittelman, 1981). Several factors
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may account for these discrepancies. First, the types of food additives used in
these studies have varied substantially. Second, a wide ranges of doses have
been used. It has been argued that the dose of food additives used in some
experiments was too low to produce adverse behavioral effects. However, it
should be noted that the results of studies using larger doses have been both
positive and negative. Finally, age may alter sensitivity to food additives. In
general, younger children have been found to be more sensitive to food
additives than older children (Harley et al., 1978; Conners, 1980; Weiss et al.,
1980).

The preceding data allow several inferences to be drawn about the effects
of food additives on hyperactive behavior. First, Feingold's claims and those
from other open trials have been overstated. At best, only a small percentage of
hyperactive children may be adversely affected by food additives. Second,
younger children may be more sensitive to food additives than older children.
Third, there may be a dose-response curve for food additives, just as there is for
any toxic substance, but this has yet to be demonstrated.

In conclusion, the data on food additives and behavior are such to preclude
any major legislative or administrative action to remove food additives or
severely limit their use. Further studies of those few children who appear to
respond negatively to food additives seem warranted. Additionally, research
with experimental animals examining whether food additives have any
biological activity in the central nervous system is recommended.

RELATIONSHIP BETWEEN BLOOD CHOLESTEROL AND
VIOLENT BEHAVIOR

Over the past 10 years, the results of several types of experiments have
suggested that an inverse relationship may exist between blood cholesterol
concentration and violent behavior (Virkkunen, 1983b; Virkkunen and
Penttinen, 1984; Kaplan and Manuck, 1990; Muldoon et al., 1990). For
example, Virkkunen and colleagues (Virkkunen, 1983b; Virkkunen and
Penttinen, 1984) measured fasting serum cholesterol levels in male homicidal
offenders and found that those with antisocial personality disorder or
intermittent explosive disorder with habitually violent tendencies had lower
cholesterol levels than other offenders. This difference was particularly
pronounced in men under the age of 30. It was hypothesized that the lower
cholesterol levels in the violent offenders may be a consequence of enhanced
insulin secretion.
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Although the proposed relation between cholesterol levels and violent
behavior is provocative, it suffers from the same problems as the proposed
association between hypoglycemia and violence. No information on dietary
history is provided in any of the studies by Virkkunen and colleagues.
Additionally, the role of alcohol in influencing both cholesterol level and
violent behavior is not addressed. Moreover, other differences between the
violent offenders and other offenders (e.g. activity levels) are never explored.

To further investigate the relation between cholesterol level and aggressive
behavior, Muldoon and colleagues (1990) compared the causes of mortality for
subjects in intervention groups and control groups in six large primary
prevention trials for reducing cholesterol levels. Cholesterol reduction in the
intervention groups was accomplished in two studies by nutritional
manipulations aimed at reducing dietary cholesterol and saturated fat intake and
in the remaining four studies by pharmacological treatment. Causes of mortality
were divided into three categories: coronary heart disease, cancer, and causes
not related to illness, which included deaths due to accident, suicide, or
homicide. In all studies, the treatments led to significant reductions in
cholesterol levels. Compared to controls, the average cholesterol concentration
of participants in the intervention groups was reduced by approximately 10
percent. This reduction in cholesterol was not associated with a significant
decline in total mortality. However, cholesterol reduction was associated with a
lower mortality rate from coronary heart disease and, in some studies, with a
slightly higher mortality rate from cancer. With regard to mortality not related
to illness, the chance of dying from suicide or violence was approximately
twice as great in the intervention groups than in the control groups. The
association between lower cholesterol levels and increased mortality from
causes other than illness was found regardless of whether lipid lowering was
based on dietary or pharmacological treatment.

Although the results of a number of studies have suggested an inverse
relation between cholesterol levels and deaths due to accidents or violence, this
association has not been universally observed. For example, Pekkanen et al.
(1989) found little evidence of an inverse association between serum cholesterol
values and increased mortality due to accidents and deaths in their 25 year
follow-up of 1,580 Finnish men.

Additional epidemiological investigations and experimental research are
clearly required to assess the relationship between blood cholesterol level and
violent behavior.
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LEAD TOXICITY AND ANTISOCIAL BEHAVIOR

It has recently been found that lead poisoning during childhood can have
long-term detrimental effects on behavior (Needleman, 1989, 1990). Exposure
to lead, which most frequently occurs when young children consume lead-based
paints, has been associated with ADHD. As previously mentioned, ADHD is a
well-established risk factor for later antisocial behavior. The rate of later
delinquency in children who display ADHD and conduct disorder has been
estimated to be 0.58. The attributable risk for hyperactivity in children with
elevated levels of lead is 0.55. Multiplying the lower 95 percent confidence
limits for these two proportions produces a joint probability of .2 for
delinquency, given excess exposure to lead. The relation between lead exposure
and delinquency has not yet been systematically studied, but clues suggest that
this relationship should be given serious consideration (Needleman, 1989).

CONCLUSIONS

The study of the relationship between diet and behavior is still in its
infancy. Within this growing field, a number of hypotheses have been
developed about the role of dietary variables in determining violent behavior.
Although experimental studies have been initiated to test these hypotheses, it is
too early to draw definitive conclusions from this research. Better-controlled
experiments employing appropriate research methodology are required.
Additionally, it is important to remember that diet is but one of the many factors
that could contribute to violent behavior. Research conducted thus far suggests
that it may make a relatively minor contribution.
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and benzodiazepine receptors, 11

genetic influences, 3, 4, 24, 46
and hormonal mechanisms, 224, 226, 228
neurochemistry, 10, 256, 261
and neuroimaging results, 16
neuropsychologic factors, 13
in pregnancy, 14, 94-95
and sugar metabolism, 17, 524, 525
among violent offenders, 86
withdrawal management, 10, 270

Alprazolam, 277, 278
Aminergic hormones, 182
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Amitriptyline, 273
Amphetamines, 9, 261
Amygdala, 12, 13, 60, 67, 88, 172, 256-257
Anabolic steroids, 7, 211, 220, 228
Androgens, 5-6, 7, 104, 184, 197, 205,

206, 207, 210, 211, 216-217, 221
Aneuploidy, 24, 26
Anger inventories, 221
Animal studies

aggressiveness, 12, 62-79, 174-179,
209-214, 247-248

genetic, 1, 4-5, 21-22
hormonal mechanisms, 5-7, 192,

194-197, 204-205, 209-214, 227
neurochemical, 8-9, 10, 11, 247-280

passim
physiologic, 12

Antiandrogens, 6, 7, 214, 216
Antianxiety drugs, see Anxiolytics
Anticonvulsants, 88
Antidepressants, 270, 271-275
Antihormones, 212, 214, 216
Antipsychotic drugs, 8-9, 10, 82, 268-271
Antisocial behavior, 82, 94, 205, 247,

528, 533
genetic influences, 3, 4, 30-39, 42-45,

47-48
Anxiolytics, 11, 275-276, 279, 280
Arecoline, 266
Arousal, 175
Assault, 43, 81, 180, 263, 277, 279
Attention deficit disorders (ADD), 14, 92,

93, 205, 247
and fetal alcohol exposure, 95
with hyperactivity (ADHD), 527-533,

535
Autism, 9-10
Autonomic functions, 12, 15
Aversiveness, 175-176

B

Barbiturates, 275
"Battered alcoholic syndrome,"; 224
Behavior studies, 1-2, 179-180, 227

food intake, 516-520
see also Adoption studies;
Animal studies;
Twin studies

Benzodiazepine
anxiolytics, 11, 270, 275-276, 277-278,

280
receptors, 11-12, 264, 276-279

Beta-blockers, 9-10, 255, 279-280

Blood samples, 185, 188, 248
Bodily rhythms, 188, 221-222, 249

See also Circadian rhythms;
Menstrual cycle;
Seasonal rhythms

Body image, 6
Brain, see Hypothalamus; Left-

hemisphere dysfunction; Neu-
roanatomic networks; Neurobiologic
mechanisms; Neurochemical mecha-
nisms; Neuroimaging; Neuropsycho-
logic assessment; Periaqueductal
gray matter; Psychophysiologic
assessment

Brain damage, 12, 13, 14, 96, 97, 270, 279
and alcohol abuse, 82
and epilepsy, 83-84
and psychophysiologic testing, 15, 93
among violent offenders, 86

Broad sense heritability, 23
Buserelin, 212
Buspirone, 279
Buss-Durkee scale, 217-218
Butyrophenones, 269

C

Carbachol, 267
Castration, 214
Catecholamines (CA), 249-255
Cats, 12, 61, 62-78, 250, 257, 266-267
Cerebral palsy, 93
"Chemical restraints,"; 9, 268
Child abuse, 93, 94, 247
Child molesters, see Pedophiles
Children, 92-93

conduct-disordered, 15, 270
diet and hyperactivity, 16-17, 518,

527-533
drug treatment of, 270
noninvasive examination techniques, 92
punishment, 180
see also Child abuse;
Developmental issues and anomalies;
Fetal development;
Juvenile offenders;
Parent-child relations
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Chimpanzees, 214
Chlordiazepoxide, 276, 277, 278
Cholesterol, 24, 533-534
Cholinergic drinking, 246
Chromosomal anomalies, 24, 26
Circadian rhythms, 10, 206, 221, 252, 253
CI 680, 212
Clomipramine, 273
Clonazepam, 278
Clonidine, 10
Clozapine, 271
Cocaine, 9

maternal use, 14, 95
Cockerel, 204
Cognition and intelligence, 3, 13-14, 79,

91-93, 97
and diet, 531
and epilepsy, 85
and event-related brain potentials, 15
and fetal toxin exposure, 95
genetic influences, 1-2, 3, 26-27, 46, 47
and lead poisoning, 14, 94
and neuroimaging, 16

''Cold calculated" aggression, see Preda-
tory behavior

Common environmental variance, 22-23
Communication skills, 13-14, 92, 93

and hormonal mechanisms, 224-225
Computerized tomography (CT), 15, 81, 87
Concussion, 14
Conduct disorder, 15, 39, 247, 270
Conflict Tactics Scale, 221
Correlational studies, 518-519
Corticopin releasing factor (CRF), 184
Corticosterone, 7
Cortisol, 7, 208, 218, 219
Counseling, 228
Criminal behavior, 3-4, 179-180, 261

genetic influences, 2, 3-4, 32-38, 40-41
hormonal influences, 206, 208, 222-223
and neuroimaging results, 16
as a neuropsychiatric disorder, 80-81
neuropsychologic factors, 13, 86-87
and psychophysiologic studies, 14-15,

91-92
see also Juvenile offenders

Cyproterone acetate, 212, 216

D

Data collection, see National registries;
Surveys

Defensive behavior, 174, 276
animal studies, 12, 61, 62, 69-78, 177-178

Dehydroepiandrosterone sulfate (DHAS),
218

Delinquency, see Juvenile offenders
Dementia, 247
Denmark, 3, 33-36, 37
Depression, 247, 261, 269, 271, 520
Developmental issues and anomalies,

92-95
hormonal influences, 194-208
and psychophysiologic testing, 15
see also Fetal development;
Puberty

Diabetic pregnancies, 197
Diagnostic and Statistical Manual of Men-

tal Disorders (DSM-IIIR), 247
Diary surveys, 221
Diazepam, 276, 277, 278
Diet, see Nutrition and diet
Dietary challenge studies, 520
Dietary replacement studies, 519-520
Dopamine (DA), 8-9, 246, 248, 249,

250-251, 252, 253
receptor agonists, 254-255, 271
receptor antagonists, 8-9, 255, 268

"1-Dopa rage,"; 253-254
Down's syndrome, 247
Dropouts, 13
Drug abuse, 224, 520

among violent offenders, 86
genetic influences, 45, 46
neuropsychologic factors, 13
and schizophrenia, 81
see also Alcohol use and abuse;
Amphetamines;
Cocaine;
Hallucinogens

Drugs, see Pharmacological interventions

E

Eating disorders, 92
"Ecstasy," 261
Electroconvulsive therapy (ECT), 87-88
Electroencephalogram (EEG) testing, 14,

15, 17, 81, 93
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Empathy training, 228
Endocrine mechanisms, see Hormonal

mechanisms
Endorphins, 182
Enkephalins, 182
Environmental influences, 1, 49, 50

and genetic factors, 1, 2-5, 22-23, 31,
39, 44-47

Environmental toxins, 14
Enzyme immunoassay, 185
Epidemiologic studies

neuropsychologic impairment, 14
seizure disorders, 84

Epilepsy, 12, 13, 82-85, 217, 247, 270
Epinephrine, 8, 206, 208, 222-223
"Episodic dyscontrol" syndrome, 59, 63,

71, 88, 247, 270, 533
Estradiol, 214, 218
Estrogen, 5, 6, 184, 210, 214
Ethanol, see Alcohol use and abuse
Ethical issues, hormonal treatments,

228-229
Ethnicity, see Race and ethnicity
"Eve,"; 261
Event-related brain potentials (ERPs), 15,

91-92
Evolutionary models, 12, 21, 47-48
Experimental studies, 179, 518-520
Explosive aggression, 12, 247, 270, 533

F

Families
criminality in, 205
and diet, 17, 518
homicide within, 48
social learning of violence in, 2-3
see also Adoption studies;
Pedigree studies;
Twin studies

Fearless personality, 15
Feingold, Benjamin, 531-532
Females, 92

fetal development, 5-6
homicide rates, 90
menstrual cycle, 91, 222

Fetal development, 93
and alcohol use, 14, 94-95
and drug use, 5-6, 14, 95
hormones and, 5-6, 194-204, 209

Fighting, 184, 204
Filicide, 48
Finland, 24

5-α-Reductase deficiency syndrome, 197,
206

5-HT, 246, 248, 255-264, 271, 279, 280
"Flight-fight" syndrome, 9
Fluorometric assays, 185
Fluoxetine, 272
Fluphenazine deconate, 270
Flutamide, 216
Follicle-stimulating hormone (FSH), 205,

218
Food additives, 17

and hyperactivity, 531-533
Food intake, see Nutrition and diet

G

Gamma-aminobutyric acid (GABA) and
receptors, 11-12, 248, 249, 264-266,
276-280

Gender differences, 79, 90-91, 180
brain development and structure, 6, 90-91
hormone-influenced, 5-6
preoptic brain development, 6
see also Females;
Males

Genetic influences, 1-5, 21-23, 39-50,
93-94

animal studies, 1, 4-5, 21-22
antisocial behavior, 3, 4, 30-39, 42-45,

47-48
chromosomal anomalies, 24, 26
environmental factors, 1, 2-5, 22-23, 31,

39, 44-47
juvenile antisocial behavior, 3, 30-31,

42, 44
Mendelian disorders, 24, 25
personality traits, 2, 26-30, 46
and race, 48-50
research needs, 46-47

Genetic markers, 2
Genetic variance, 22, 23
Genital development, 5, 6
Gepirone, 279
Glucocorticoids, 7
Glucose metabolism, 15, 16, 263, 521-522
Golden hamster, 204
Gonadotropins, 183, 184, 216
Graham, Sylvester, 516
Guinea pigs, 204
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H

Hallucinogens, 11, 261
Haloperidol, 82
Head injuries, 14, 84, 93, 96
Heart rates, 15, 17, 227
Heritability, see Genetic influences
Heritability of liability, 23
Hermaphroditism, 197, 206
Home environment, see Families
Homicide, 43, 48, 90, 93, 180, 277
Hormonal mechanisms, 1, 5-8, 180-229

and bodily rhythms, 10, 206, 221-222
and communication, 224-225
definitions, 182-184
developmental issues, 194-208
endogenous changes, 185
exgenous modification, 185, 197
feedback, 189-190, 191
fetal development, 5-6, 194-204, 209
and neuroimaging, 16
and perception, 223-224, 226
research needs, 226-229
and stress, 225-226
structure, 186-187
therapies, 173, 185, 214, 216, 228
see also Peptides;
Steroids

Human growth hormone, 228
Hyperactivity, 17, 205, 208, 270, 273

and food additives, 531-533
and lead poisoning, 94, 535
and sugar intake, 519, 520, 527-531

Hypercholesterolemia, 24
Hypoglycemia, 16, 17, 521-522, 523-524
Hypothalamus, 12, 13, 61-73 passim, 88,

209, 218-219, 247, 256, 272
Hypothalamus-pituitary-adrenocortical

(HPA) axis, 183-184, 193,212, 218
Hypothalamus-pituitary-gonadal (HPG)

axis, 183, 193, 212

I

Imaging techniques, see Computerized
tomography; Magnetic resonance
imaging; Neuroimaging; Positron
emission tomography; Regional cere-
bral blood flow techniques

Imipramine, 273
Impulsivity and impulse control, 10, 46,

205, 261, 271
Incarceration

drug management, 277

inmate studies, 15, 217, 252
India, 12, 88
Infanticide, 48
Information processing (cognitive), 15,

91-92
Insulin, 17, 533
Intelligence, see Cognition and intelligence
Intentionality, 175
Intermittent explosive disorder, see

"Episodic dyscontrol" syndrome
Intrauterine location, 195-196
Involuntary acts, 59
Iowa, 38-39, 45
Ipsapirone, 279

J

Japan, 12, 88
Johns Hopkins University-NIMH preven-

tive intervention project, 97-99
Juvenile offenders

dietary improvement, 252
fetal alcohol exposure, 95
genetic influences, 3, 30-31, 42, 44
neuropsychiatric studies, 86
psychophysiologic studies, 15, 93
psychosurgical procedures on, 88

K

Kellogg, John Harvey, 516
Korsakoff's disorder, 279

L

Language processing, 13-14, 87, 91
Lead poisoning, 535

cognitive effects, 14, 94
Left-hemisphere dysfunction, 13, 87, 91
Lesch-Nyhan syndrome, 247
Liability, 23, 31, 46
Limbic system, 12-13, 59-73 passim, 74,

77, 80-81, 87, 88, 93, 96, 247
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Lithium, 271, 273-275
Longitudinal studies, 220-221
Lorazepam, 277
Luteinizing hormone (LH), 182, 183, 184,

204, 205, 212, 218, 219

M

Magnetic resonance imaging (MRI), 15,
16, 81, 227

Maladaptive behavior, 78-79
Males, 6, 79, 90, 92-93, 96, 221

fetal development, 5-6
homicide rates, 90
hormonal cycles, 222
schizophrenic, 81, 82

Mania, 247
Marmosets, 197
Meat eating, 515-516
Medication, see Pharmacological interven-

tions
Medroxyprogesterone, 217
Medroxyprogesterone acetate (MPA),

197, 216
Melanocyte stimulating hormones, 211
Mendelian disorders, 24, 25
Mendelian Inheritance in Man (MIM)

database, 24, 25
Menstrual cycle, 91, 222
Mental illness, see Neuropsychiatric disor-

ders
Mental retardation, 247, 270, 277, 279

drug therapy, 9-10
Methylphenidates, 273
Mice, 5-6, 21-22, 177, 194, 195-196, 204,

209-211, 212, 255-226, 249-251,
256, 257, 264-266, 277

Midazolam, 277
Models, see Animal studies
Mongolian gerbil, 204
Monkeys, 60, 77, 205, 253, 260-261
Monoamine oxidase-A, 24
Monoamine oxidase inhibitors, 271
Mood changes, 205-206, 219
Multifactorial models, 23, 46-47
Murderers, 86, 261, 533.

See also Homicide
Muscarinic receptor activity, 266-267

N

Nadolol, 280
Narrow-sense heritability, 23

National Institute of Mental Health
(NIMH), 97

National registries, 84, 96-97, 99
Scandinavian countries, 4, 96

"Nature versus nurture" debates, 2
Nervous system, see Autonomic functions
Neuroanatomic networks, 1, 12-13, 14,

60-62
in cats, 62-73, 74, 77-78

Neurobiologic mechanisms, 1, 59-62
research needs, 95-99

Neurochemical mechanisms, 1, 5-12, 14,
248-249

Neurodevelopmental issues, see Develop-
mental issues and anomalies

Neuroendocrinology, 181-182
Neeroimaging, 1, 13, 14, 15-16
Neuroleptics, 269-271
Neuromodulators, 246
Neuropsychiatric disorders, 59, 61, 80-87,

247
treatment, 87-90

Neuropsychologic assessment, 13-14
and neuroimaging, 16

Neurotransmitters and receptors, 8-12, 73,
75-76, 77-78, 181-182, 209, 246,
248-267

hormonal, 5-8
Nicotine, 10, 267
Nonadrenergic feeding, 246
Noradrenergic receptor blockers, 272-273
Norepinephrine (NE), 8, 9-10, 208, 212,

222-223, 246, 248, 249-250,
251-252, 253

Norway, 32-33
Nutrition and diet, 10, 16-17, 515-516, 535

food additives, 17, 531-533
research methodology, 516-520
sugar intake, 16-17, 520-531
see also Hypoglycemia
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O

Obsessive-compulsive disorders, 256, 273
Offenders, see Criminal behavior; Incar-

ceration
Opiates, 10, 77, 270

maternal use, 14, 94
Opioid peptides, 73, 77, 226
Organ weights, 185, 188
Organic brain disease, 279
Organizational hormonal effects, 5-6
Oxazepam, 276, 277, 278

P

"Paradoxical rage," 11, 273, 277-278, 280
Paranoid psychosis, 9
Parent-child relations, 6, 23, 47
PCP (phencyclidine), 82
Pedigree studies, 46
Pedophiles, 24, 46, 87
Peer relations, 6
Peptides, 1, 182, 193, 226, 246
Perception, 46, 223-224, 226
Periaqueductal gray matter (PAG), 61-73

passim, 78
Personality disorders, 10, 263, 533
Personality traits, 2, 26-30, 46
Pharmacological interventions, 1, 12,

87-88, 249, 268-280
antidepressants, 270, 271-275
antipsychotics, 8-9, 10, 82, 268-271
anxiolytics, 11, 275-276, 279, 280
beta-blockers, 9-10, 255, 279-280
criticisms of, 89-90, 268
dopamine receptor antagonists, 8-9, 255,

268
hormonal, 173, 185, 214, 216, 228
serotonin receptor antagonists, 10, 11,

259, 271, 272-273, 275
Phenothiazines, 269, 271
Pheromones, 212
Pindolol, 280
Piperidylalkylphenothiazines, 270
Plea bargaining, 180
Positron emission tomography (PET), 14,

15, 16, 81, 86, 87
Postpartum psychoses, 48
Poverty, 79, 90, 92, 93, 96, 205
Predatory behavior, 174, 254-255, 256, 258

animal studies, 12, 61, 62-63, 64-69, 73,
74, 177-178

Prefrontal cortex, 13
Premenstrual tension (PMT), 7, 180, 222

Prenatal development, see Fetal develop-
ment

Preoptic brain area, 6, 209
Preschool play group studies, 179
Preventive interventions, 97-99
Primates, 6, 7, 10, 60, 77, 174, 196-197,

204-205, 212, 214, 215, 227
Prison, see Incarceration
Progesterone, 216
Progestogen-estrogen treatments, 197
Prolactin, 205
Propranolol, 279-280
Prospective studies, 14
Psychoactive drugs, 246
Psychopathology, 174, 279

genetic influences, 2, 46
psychophysiologic characteristics, 15,

91-92
and substance abuse, 9, 11, 82

Psychophysiologic assessment, 14-15,
91-92

and neuroimaging, 16
Psychosurgery, 12-13, 84-85, 88-89, 90
Psychotherapy, 228
P300 wave, 15
Puberty, 204-208, 227

Q

Quantitative genetic studies, 2-5

R

Race and ethnicity
genetic influences, 48-50

Radioimmunoassay, 185
Rape, 43, 179
Rating scales, 221
Rats, 12, 21, 178-179, 194, 212, 225-226,

250, 251, 253, 256, 257, 267
Red deer, 212
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Regional cerebral blood flow (RCBF)
techniques, 15, 81, 86

Registries, see National registries
Reitan neuropsychologic battery, 86
Repeat offenders, 80, 208
Repetitive rapists, 24, 46
Reproductive strategies, 47-48
Research needs

genetic influences, 46-47
seizure disorders, 83-85
sugar consumption, 526-527

Rhesus monkeys, 6, 196-197, 205, 277
Riots, 179
Risk perception, 46
r/K strategies, 47-48
Rodents, 4-5, 21-22, 77, 209, 211, 213,

225-226

S

Sadism, 87, 175
Saliva, 188
Scandinavian countries, 4, 45, 214
Schizophrenia, 81-82, 89, 92, 246, 247

drug therapy, 9-10, 217, 268, 279
parental, 94

School performance and failure, 205
and fetal toxin exposure, 95
genetic influences, 2
and lead poisoning, 94
and neuropsychologic deficits, 13-14,

97-99
Seasonal affective disorders, 92
Seasonal rhythms, 10, 188, 221
Sedatives, see Anxiolytics
Seizure disorders, 13, 24, 81, 84, 85, 93, 96

research needs, 83-85
see also Epilepsy

Sensation seeking, 46
Serial killers, 79
Serotonin, 10-11, 82, 246, 249, 255-264

receptor-blocking drugs, 10, 11, 259,
271, 272-273, 275

Sex, see Females; Gender differences;
Males

Sex chromosome aneuploidy, 24, 26
Sex hormones, see Androgens; Estrogen;

Steroids
Sex offenders, 41, 88

antiandrogen therapy, 7, 214, 216
neuropsychology, 87

Sex-cycle rhythms, 188, 221
Siblings, 22-23, 47.

see also Twin studies

Skin conductance, 15
Smoking, 267

in pregnancy, 14, 95
withdrawal management, 10

Snails, 176
Social attitudes, 2
Social learning, 2-3, 14, 196
Social signals, 223-225
Socioeconomic status, 79, 90, 92, 93

and epilepsy, 85
and schizophrenia, 81

Somatotropic hormone, 205
Spinal cord, 61-62
Spinal punctures, 248-249
Sports, 179, 180, 219
Steroids, 1, 5-7, 183-184, 193, 205,

208-222, 246
anabolic, 7, 211, 220, 228

Stilbestrol, 214
Stimulants, 9, 270
Stress, 225-226

and hormonal levels, 7, 8
and serotonin levels, 7, 10
studies of, 179

Sugar consumption, 16-17, 520-531
and hyperactivity, 519, 520, 527-531
research needs, 526-527
see also Hypoglycemia

Suicide, 256, 261, 271
Surgery

castration, 214
on hormonal glands, 185, 192
see also Psychosurgery

Surveys, 97
Sweden, 36-38

T

Tamarinds, 197
Tamoxifen, 212, 216
Tardive dyskinesias, 270, 271
Temper tantrums, 277, 278
Temperament, 2
Testosterone, 5-7, 189, 194, 195-197, 205,

206, 211, 216, 217, 219, 222
Thioridazine, 270
Thioxanthines, 269
Thyroid, 184, 205
Tobacco use, in pregnancy, 14, 95
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Tomography, see Computerized tomogra-
phy; Positron emission tomography

Tourette's syndrome, 247
Toxemic pregnancies, 197
Treatment interventions, 87-90
Tricyclics, 271, 272, 273
Twin studies, 3, 27, 29, 30-31, 32-34, 39,

41, 42, 45, 49
standardization of, 46

"Twinkie defense,"; 520-521

U

Unique environmental variance, 22-23
United Kingdom, 226
Unverricht and Lundborg myoclonus

epilepsy, 24
Urban areas, 44, 45
Urine samples, 248

V

Verbal abilities and deficits, 13-14
Vertical environmental transmission, 23

W

"Wandering tendency," 88
White, Dan, 520-521
Winning, 7, 219-220
Withdrawal states, 10

X

X-linked disorders, 24
XYY syndrome, 24, 26
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