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Although the idea that aggression has biological components is not a new one, recent research in genetics,
neur opsychophar macol ogy, and neur oimaginghashel pedclar ifythebi ologi cal contri butionsto ag gression. Sudiestodatehave
focused onserotonergicfunctionandimpul siveaggression. Reduced|evel sof cerebrospinal fluid (CSF) 5-hydroxyindoleacetic
acid(5-HIAA) areassoci atedwithim pul siveaggression. Pharmacochallengestudieshavefoun d de creased serotonergic respon
sivenessassoci atedwithimpul siveaggression. Neuroi magingstudiessuggestarolefortheprefrontal cor tex, alongwith other re

gionsof thebrain, intheex pression of ag gression. Seroto ninisnot the only as pect of brainfunctionimpli catedin impulsive
ag gression, and fur ther work is being done on other neurotransmitters and neuropeptides.

(CanJPsy chi atry 2001;46:35-44)
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he no tion that the ex pres sion of ag gression may bere-

latedtobrainfunctionisnot anew one. FromtheHel lenic
civilization comes the Homeric tale about the family of
Orestesand Agamem non, who car ried ontheir forefathers’
tendencies toward crime and murder. From their ancestor,
who at tempted to deceivethegods, “thecursedescended. ..
intheform of what the Greekscalled ate, astrong if not ac tu-
alyirresistibleimpulsetocrime” (1). Whilethistalemay not
havebeen specifi cally about our current concept of genetic
heritability orthepassageof abi ologi cal predispositiontoag
gression, it may have spo ken to the story of afamily seem-
ingly destined to suffer the effects of violence from
generationtogener ation.

Definingtherelationbetweenthebrainandvi olent aggres-
sivenesshasbeenachal lenge, giventhelimi tationsof sci ence
incompari sonwiththecomplexity of humanbehaviour. The
phrenologi cal connotationsof early casestudiessuchasthat
of Phineas Gage, the questionable validity of early
psychosurgical studies, and questionsabout ethi cal research
contributedtoearly skepti cismaboutthevalidity of theasso-
ciations made betweenbrainabnormal i tiesand aggressive
behaviour, aswell astoanap prehensionof thepossi blesocial
consequencesof hasty sci entific conclusions. Reservations
continue: As stated in a recentcriti cal review, “Tentative
findingscautiously reportedinthetechni cal liter atureareof-
tenoverssimplifiedintheclini cal sci entificorlay mediaandin
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communications with governmental policy-makers’ (2).
Concerns like this have led to important and appropriate
changes in the way experimenta studieshavebeencarried
out in animal and human subjects, as well as an increased
awarenessof theneedto study aggressionandcrimi nal ity in
contextbyintegratingbi ologi cal studieswithother sci entific
disciplines.

Thispaper providesareview andupdateof bi ologi cal studies
in aggression, with a special emphasis on the
neuropsychopharmacol ogy of impul siveaggression. Someof
the clini cal andforensicramifi cationsof thefindingswill be
discussed. There is considerable overlap between crimina

behaviourandaggressivebehaviour, buttherearesignifi cant

dif fer ences. Crimeisalegal concept. Itisrepresentedinthe
DSM-1V under the V code of “adult antisocial behaviour”

and,incombi nationwithother behaviours,under“antisocia

personalitydisorder” and “intermittentexplosivedisorder.”

Whilecertainpsy chiatric conditionsareassoci atedwithin

creased criminality and an increased risk of committing a
crime, nocurrent DSM-IV di agnhosisusesthecommittingof a
crimeasthesol ecri terion. Thepresenceor ab senceof amed

ca or psychiatricdisorderdoesnotcategoricalydefinethe
behav iour of aper sonascriminal or noncrimi nal, just asa
criminal act does not necessarily reflect underlying
psychopathology.

Crimi nal actscanbeclassi fiedasvi olent ver susnonvi olent
andpremeditated versus nonpremeditated. Violent crimes
against per sonsincludehomi cide, attemptedhomi cide, phys
i cal assault,andsex ual assault. Nonvi olentcrimesareusually
crimesinvolving property, suchastheft, vandal ism,andthe
breaking of civic laws. Nonpremeditated crimes do not in-
volve the same kind of forethought as do premeditated
crimes. Al though nonpremeditated crimesmay not resultin
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gain for the per petrator, they canbecommitted by persons
who know the dif fer encebetweenright andwrong, or legal

andil legd acts.

A significant subset of nonpremeditated crimes involve
impulsivity. Still, itisim por tant not toconfuseimpulsivity, a
psychiatric term, with nonpremeditation, ale gal one. Im pul-
sive acts of aggression may share such similarities with

nonpremeditated crime as a significantrelation to environ-
mental triggers. Thelega and moral im pli cationsof im pul-
sivebehaviour cannotbe definedby psy chi atry.Important
distinctionsinpsychiatric categoriesmay nothaveforensic
rel evance. For ex ample, impulsivity couldbeamajor factor
inboth premedi tated and nonpremeditated crimes. Theex tent
towhichimpulsivity may af fect the status of aper son’sfree
will and abil ity to know right fromwrongisbeyond the scope
of thispaper, but at thistimeimpulsivity isnot consid ered ei-
ther inlaw or psy chi atry to bethekind of “pro found mental

distur bance” (3) that af fectsone’ sabil ity to know thedif fer-
encebetweenright andwrongor real ity andfantasy.

Impulsivity isanaspect of per sonal ity. Per sonal ity isdi vided
into2major components: temper amentand char acter. Temr-
peramentisconsideredtobeheritable, recognizableinearly
life,rel atively stable, andcorrelatedwithavari ety of bi ologi-
cal vari ables. That aspect of aper sonrelatedtorelation ships
with oth ersand with so ci ety and the set of val uesthe per son
appliestotheserelation shipsisconsid ered tobechar acter,
which is less influenced by biological factors than is
temperament.

Thebi ologi cal contri butiontocriminality,inparticularvio-
lentcrimi nal ity, hasbeenmost studiedinrelationtoim pul-
siveaggression. Impul siveaggressionisaconstruct that has
been useful asaway of look ing at asub set of im pul siveand
aggressive behaviours in ani malsand humans. Al thoughit
needsfur ther investi gation, thereisev i dencethat the con-
struct hasvalidity and canbesep aratedfromag gressiveness
ingeneral (4).

In some individuals, aggression is a stable characteristic.
Work focusingonaggressionindelinquentyouthshasfound
that aggressivenessanddelinquent behaviour areassoci ated
witheach other andthat their relation continuesover sev eral

decadesinasignif i cant propor tionof cases(5). Inboyswitha
di agnosisof conduct disor der (CD), onestudy, a though not
fo cused on ag gression, showed that 87.7% of theyoung male
subjectscontinued to qual ify for thedi agnhosisover aperiod
of 3 years, based on continuingproblemswithcriminal ity
(6). Thus, in some individuals, the early appearanceof CD
may belinkedtoongoingcrimi nal ity andag gression.

Patternsof criminal ity canbeasso ci ated with measuresof

tem per ament, asop posedtoapast history of crimi nal behav-
iour. Thisisil lustrated by astudy show ingthat Psy chop athy

Vol 46, No 1

Check list-Revised (PCL-R) scoreswerethebest predictor of
recidivism of violent crime: measurements of personal

ity—not sim ply apast history of crimi nal ity—werepredic

torsof vi olentcrime. Sev enty-onejuveniledelinquentswere
releasedandfol lowedupby areview of crimi nal records. The
recidivismratedur ing thefol low-up period was nearly 80%.
Inthisstudy PCL-R scores, modi fied to ex clude histo riesof
previ ouscrime, werenot cor relatedwithtimeat risk, recid

vism overall, or number of nonviolent offenses. PCL-R
scores, how ever, werecor related withthenum ber of vi olent
of fensescommittedinthefol low-upperiod(r =0.26) (7). A

tendency toward psy chop athy may bemorecor related with

rel atively stableaspectsof per sonal ity thanwithahistory of a
crimi nal act. Themul ti tudeof studieslook ing at therelation
betweencrimi nal ity and ag gression, and the highrateof re

cidi vism of both, help to show that these be hav ioursarere.

latedtounder ly ingtem per aments. They do not speak tothe
causeof thebehaviour, nor dothey delineatebi ologi cal, ge

netic, or environmental influences. Therest of thispaper will

review these aspects of criminal ity andrelatedbehaviours.
Weuwill reviewdatarel evanttogenetics, neurotransmitterac

tivity, and brain func tion asas sessed by neuroimaging.

Genetic Studies

Behavioural geneticstudiesdeter minethelower limitof bi 6
logical contributiontotemperament and behaviour. Genes
cannotaccountforall of thebi ologi cal contri butiontobehav
iour, nor canthey dictatetheinter actionbetweentheenviron
ment, thebrain, and per sonal ity. Evenso, studiestodatehave
found someaspectsof aggressionandcrimi nal itytobesignif
i cantly heritable. Amonggeneticstudies, the3rel evantkinds
aretwinstudies,adoptionstudies,andpoly mor phismstudies.

Twin studi esmeasurethe de gree of con cor dance be tween
monozygotic and dizygotic siblings on specified traits and
seek to estab lishwhether genetic her i tageplaysaroleinex
pression. To date, there have been 4 twin stud ieslook ing at
criminal ity asasinglevari able. In 3 of thestudies, astatistk
cally significant difference in concordance between
monozygotic and dizygotic twins was found for criminality
(8-10), while the fourth study found only atrend in con cor-
dancefor crimi nal ity (11).

A study of monozygotic twinsraised apart from an early age
foundthat thenum ber of symptomsof anti social per sonal ity
disor der (DSM-I11) showed a heritability esti mated at 0.42
for CD symptomsand 0.29 for adult symp tomsof anti social
per sonal ity disor der (12). Inoneof thefew twinstudiestodif
fer enti atebetweentypesof aggression (asop posedtocrimt
nality in general) in a population of male twin pairs,
heritability of 47% wasfound for di rect physi cal aggression,
40%forindi rect physi cal aggression, and 28%for ver bal ag
gression (13). Di rect physi cal aggressionwasdefinedasvi 6
lence toward others, indirect aggression was defined as
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aggressiontowardobjects, andver bal aggressionwasdefined
asaggressionex pressedwiththevoice.

Adoptionstudiescanfurther describetherel ativecontri bu-
tionsof envi ronmentandgeneticheredity tocrimi nal ity and

aggression. Inadoptionstudies, a4-cell study designisused

toeval uatetherel ativecontri butionsof envi ronmentandge-
netics.Aggressive behaviourinadopteesisassoci atedwith

thesamebehaviourinthebi ologi cal par ents:if anassoci ation
isfound, ageneticef fectisimplied. If aposi tivecorrelationis
found between the adoptee’ sbehav iour and therear ing fam-
ily, an environmental ef fectisim plied. A study of 14 427
nonfamilial adoptionsin Den mark foundasignif i cantrela-
tionbetweenthenumber of convictionsamongthebi ologi cal

parents, particularly fathers, and the rate of convictions
among adopted-away sons(14). A simi lar relation wasseen
whenchronicof fendinginpar entswasex aminedseparately.
Inthisstudy, how ever, only prop erty of fending (asop posed
tovi olent of fending) had asig nif i cant relation. Other adop-
tion stud ieshavefound simi lar re sults. Bohman found that
petty crimi nal ity washer i tableif thechildandbi ologi cal par-
ent were not a cohol abusers(15). If thechild or bi ologi cal

parent had both criminalityandal coholism,the criminality
wasattribut abletoal cohol ism. Thisstudy, inwhichthenum-
ber of subjectswassmall, alsofailedtofindasignifi cantrela
tionwithviolentcriminal ity.

Evi dencefor abnor mal i tiesat thegenelevel that could trans-
mittraitsof in creased ag gression hasbeen somewhat confus-
ing. The most-studied DNA polymorphism is within the
noncodingregionof thetryptophanhy droxylase( TPH) gene.
TPH istherate-limitingenzymeinthesynthesisof serotonin
(5-HT), putatively involvedintheex pressionandregulation
of impul siveaggression. Nielson and others (16) reported
thatimpul sivevi olent of fenderswith1 or 2copiesof the TPH
* al lelehad sig nif i cantly lower cerebrospinal fluid (CSF)
concentrationsof CSF5-hydroxyindoleaceticacid (5-HIAA)
whencom paredwithim pul sivevi olent of fend erswith 2 cop-
ies of the *U dlele. The *L allele in impulsive and
nonimpul sivevi olent of fenderswasassoci atedwithagreater
frequency of past sui cideattempt ( * L L: 65%vs.*LU: 53%vs.
*UU: 17%, P<0.02). Infact, al most all of theof fend erswho
at tempted sui cidehad ei therthe *LL or *ULgenotype,inde-
pend ent of CSF5-HIAA lev els. TPH genotypewashot asso-
ci atedwithsuchpsy chi atricdi agnosisasaf fectiveor anxi ety
disor ders. Al though Niel senand others (17) replicated the
find ing in a study of 804 Finnish alcoholic offenders, and
there has been an independent replication by New (18), it
should be noted that there have been nonreplicating stud ies
published(19-21) which eithercorrelate the more com mon
*Ual lelewithsuicidality or aggressionor donotfindacor re-
lation (Coccaro, unpub lished data). That these studiesfail to
repli catetheorigi nal findingsmay berelated to thefact that
the poly mor phism is on the noncoding re gion of the TPH
gene. Hence, it may be in linkage disaquilibrium with an
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unknown poly mor phisminsomestudy pop ulations, but not
inothers(22). Anassoci ationbetweenanti social a coholism
andthe *C al lelebiallelic poly mor phism of the5-HT i re-
ceptor hasbeenfound (23). Anti socia a cohol ismisdefined
asal cohol abuseal ongwithanti social per sonal ity disorderor
intermittent explosive disorder. Violence in people with
schizophreniahasbeenassoci ated by Strous(24), withrepli
cation by Lachman (25), with a “low activity” allde of a
biallelic polymorphism for catechol-o-methyltransferase
(COMT).

Al though moreresearchisneededtoclarify inconsistentre
sults, itisesti mated that about 40% of the pro pen sity toward
anti social behaviourmaybeattributable to heredity (26). A
significant part of thiscould berelated specifi cally tovi olent
impulsive behaviour. Genetic studies have not yet located
that part of thegeneticcoderesponsi blefor thesedif fer ences,
but they doprovidethetheoreti cal groundwork for thefur ther
study of the neurobiology of ag gression, asisdiscussedinthe
next section.

Serotonin

In 1976, Asperg and oth ersfound that reduced lev elsof CSF
5-HIAA in patientswithdepressionwereassoci atedwitha
history of sui cideat tempts(27). Of thepatientswith thelow

est5-HIAA lev els(whoalsohad historiesof morevi olent suk

cide attempts), 2 completed suicide a a later date. The

possi bil ity that decreased|ev el sof aneurotransmitter metab

olitecouldleadtomoreim pul sivevi olentbehaviour wasrep

li cated and ex tendedtoag gressivebehaviourin general by

Brownand others(28), whofoundatrivariaterelationshipbe

tween aggression, history of suicidal behaviour, and CSF
5-HIAA.

Distinguishingimpul sive from nonimpulsive violentcrimi
nal ity, Linnoilafoundlow CSF5-HIAA inimpul sive, but not
premeditated,violent of fend ers(for ex am ple, homi cideof
fenders) (4). The17 of fend erswho had committed morethan
asinglevi olent crime had mean 5-HIAA val ueslower than
theof fenderswhohadcommittedasingleviolentcrime.Vio
lent of fend erswho also had ahistory of sui cide at tempt had
thelowest5-HIAA levels. Thisstudy didnotfindany correla
tions between norepinephrine or other CSF monoaminesand
aggression.

Lower lev elsof CSF5-HIAA havealso beenfoundinim puk
sive arsonists (29) and in violent criminal offenders (30).
Therehavea sobeenrepli cationsof thisrelationshipbetween
CSF 5-HIAA and impulsive aggressioninanimal studies
(31).

Sev eral studieshave, how ever, beenunabletofindacorrela

tionbetween5-HIAA lev elsand ag gression: 3studiesof sub
jectswith per sonal ity disor der (32-34), 1 study of sub jects
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with attention-deficit hyperactivity disorder (ADHD) (35),
and 1 study of anor mal pop ulation(36). Onepossi blereason
forthesediscrepanciesisthegreater sever ity of aggressionin
the ear lier study. In ametaanalysis of 5-HIAA stud iesof ag-
gression, Balaban and oth ersfound that, when cor rected for
the confound ing fac torsof height, sex, and age, 5-HIAA was
correlatedwiththepresenceof atreatedpsy chi atricdisor der
but not with par ticular behavioural indi ces(2). How ever, in
itsanal y sisthe re view grouped sub jects in each study to-
gether and thus may not have been able to de tect im por tant
differences.

Although CSF studies have the advantage of measuring
neurotransmitters in the centra nervous sysem, they are
costly and involvediscomforton the part of the study sub-
jects. Thereisalso some question about how tointer pret CSF
lev els of neurotransmitters aswell astheir prob ablelack of
sensi tivity tomilder behavioural abnor mal i ties. Other meth-
odol ogieshavetriedtofind physi ologi cal mark ersof 5-HT
function. One such method isthe neuropharmacol ogical chal-
lenge, inwhich achal lenge agent isad ministered and are-
sponseinthecentral ner voussystem (CNS) ismeasured.

Themost widely studied chal lengeagent inthisareahasbeen
fenfluramine. Administration leads to a release of synaptic
5-HT, resultinginareli ablelimbic-hypothalamic—-medi ated
releaseof periph eral prolactin (37). Fenfluramineisthought
to activate limbic-hypothalamic postsynaptic 5-HT recep-
tors, lead ing to therelease of aprolactin-rel easing fac tor that
acts upon the pituitary lactotrophs to release prolactin.
Studies have shown that the most likely mechanism of
fenfluramine’ srelease of 5-HT isviathe 5-HT,ac receptor
sub types, as evinced by block age of prolactin re sponse by
5-HT.a2c antagonists (38) and the paralel between
fenfluramine' sac tion and that of m-Chlorophenylpiperazine
(m-CPP), which also acts on the 5-HTapc system (39). Itis
not blocked by the 5-HT ;4 antag onist pindolol (40) or by the
5-HT; antagonist odansetron (41), involves newly synthe-
sized 5-HT asevinced by tryptophan depletionsstudies(42),
andisnotviadi rect 5-HT stimulationof lactotrophs, because
therearenoknown5-HT receptorsonthepi tuitary lactotroph
cells(43). Thereissomeev i dencethat fenfluramine’ saction
may be spe cific to the 5-HT,creceptor subtype, because in
one study the 5-HT 24 antag o nist amperozidedid not havean
ef fect on prolactinrelease af ter chal lenge (44).

Using fenfluramine chal lenge to test the hy poth e sized link
between serotonergic function and impulsive aggression,
Coccaroand oth ers(45) gaveasam pleof patientsdi ag nosed
with either personality disorders or affective disorders a
one-time 60 mg dose of d, |-fenfluramine and measured
prolactin responseaf ter thedosewasad ministered. Aggres-
sion was correlated with decreased prolactin response to
fenfluramineinsubjectswithper sonal ity disorders.Nocorre-
lationwas seen in the patients with affective disorder, but
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prolactinresponsetofenfluraminewasreducedinall patients
with apast history of sui cideat tempt.

Thiscorrelationof aggressionwithdecreasedresponsiveness
of the serotonergic system has been replicated in subjects
withper sonal ity disorders(18,46,47),inanti social vi olentof
fenders(48),inpri mates(49), instudiesthat usethemorespe
cific enantiomer d-fenfluramine (d-FEN) (40,50), and in
patients with unipolar depression and anger attacks (51).
Coccaro and oth ers (39) found that while Life History of Ag
gression(LHA) scoresinthepatientswith per sonal ity disor
ders were inversely correlated with prolactin response to
d-FEN, no relation was found with basal levels of CSF
5-HIAA, raising the possibility that prolactin response to
fenfluraminechal lengemay beamoresensi tivemarker of ag
gres sion than CSF 5-HIAA. Other probes of 5-HT func tion
havehadsimilar findingsof di minishedserotonergicfunction
in various psychiatric populations. These have included 3
studiesthat foundag gressiontobeinversely cor related with
di minishedprolactinresponseby the5-HT; 5 and 5-HT, ago
nistm-CPP(33,52,53). Self-reported ag gression and history
of ag gressionwerecor related with di minished prolactinre
sponse to d-FEN and diminished cortisol response to
ipsapironechal lenge (54).

Al though most stud iesusing chal lenge meth odstoinvesti

gateserotonergicfunction havefoundaninversecor relation

withaggression, sev eral havefoundadi rectrelation. Anearly
study by Meltzer ex amining, among other things, suicidality

in patients with af fectivedisorder, found that cortisol re-

sponseto 5-hydroxytryptophan was greater in those patients
who had made sui cide at tempts (55). Al though thisfinding

needs to be replicated, it is notable in that

5-hydroxytryptophan, like fenfluramine, isthought to act on

the 5-HT ~typereceptor. Meltzer’ sfindingswereconsistent

withadenervationhy per sensi tivity of postsynapticreceptors,
possi bly inthe con text of global serotonergic hypofunction.
This finding may be rec oncil ablewithresultsfromd-FEN

challengesif it becomesev i dent that the 2 chal lenge agents
are workingondif fer entreceptor subtypesor dif fer entas

pects of the serotonergic system.

Two studieshavefound adi rect cor relation of prolactinre

sponseto fenfluraminein sub stance abusers (56,57). Inthe4

studiesof chil dren, 2 havefoundenhanced prolactinresponse
to d-FEN cor relatedwith ag gression (58,59). Halpern was
unabletorepli catethis(58), findingnoob serv ablerelation,
nor were Stoff and oth ersin astudy of prepubertal males(60).
Althoughitispossi blethat therelation between serotonergic

functionandaggressionchangesthroughthelifecy cle, posst

bly dueto an ab nor mal overexpression of 5-HT inearly child

hood (61), and may vary with comorbidities such as
sub stance abuse, morework with dif fer ent chal lenge agents
needsto be doneto ver ify theseresults.
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Anotherindi rect method of study ing serotonergicfunctionin

the brain has been through ex aminingtheplatelet, whose
5-HT.areceptorismolecularly homol ogoustotheoneinthe
brain (62). Plateletsarenot part of the CNS, but therationale

forstudy ingtheir serotoninreceptorsisthatif they aremolec-
ularly simi lar totheir CNS counter parts, they may shareah-
nor mal i tiesinaf fectedindi viduals, especially tothedegree
that thesereceptorsareunder geneticinfluence. Most studies
todatehavefoundaninversecor relationbetweenthenumber
of platelet binding sitesand ag gression, a thoughtherehave

beensignifi cantnonreplicatingstudiesand somestudieswith

oppositefindings.

Stoff (1987) found lower num bers of 3H-imipramine-bind-
ing sites on plateletsof ag gressive chil drenwith CD when
com pared with nonaggressive chil dren with CD (63). Stoff
wasunabletorepli catethisfinding, a thoughitwasrepli cated
by Birmaher (64). Coccaro and oth ers (65) re ported anin-
verse correlation between the numbers of platelet
3H-paroxetine-hindingsitesandlifehistory of actual aggres-
sive events.

Inadditionto geneticfactors, theserotonergic systemisinflu
encedby environmental factors. The influence of environ
ment on aggressive behaviour is complex. Some of this
influencemay occurduringcrucial devel opmental phases, as
seeninstudiesthat show suchearly factorsashirthcompli ca-
tionsand mater nal rejectiontobeassoci atedwithearly onset
violentbehaviour (66). Serotonin may be one of the media
torsof environmental influenceonthebrain. Inani mals, sero
to nin func tion has been shown to bein flu enced by chronic
stressand glucocorticoidlev els(67), androgenand estrogen
lev els(68), past socia per tur bation (69), statusinthedomi-
nancehi er ar chy (70),and mater nal stressdur ingpregnancy
(71). Al thoughtodatehumandataarelimited, changesin se-
rotoninfunctionhavebeenassoci atedwithsocioeconomic
status (72), sustained child hood abuse in patients with bor-
der lineper sonal ity disor der (BPD),and historiesof im pul-
siveaggressivebehaviour (73).

Norepinephrine

Evidence in human studies for the role of norepinephrine
(NE) inag gressionislimited. Brown and oth ersre ported a
posi tivecor relationbetweenthe CSFconcentrationof NE's
major metabolite, 3-methoxy-4-hydroxyphenylglycol

(MHPG) andlifehistory of aggressionin 12 menwith per son
al ity disor ders. Inthesamestatisti cal model, how ever, CSF
5-HIAA accounted for most of the vari anceinaggression

(28). In contrast, Virkkunen and oth ers (29) re ported lower
CSFMHPGinviolentof fendersandinimpul sivear sonists,

comparedwith healthy vol unteers—aresult that wasnot rep-
li catedinsubsequent studies(74,75).

Dopamine

Evi dencefortheroleof dopamineincrimi nal ity andaggres-
sionisalsolimited. Reduced CSF concentrationsinvi olent
of fenderscomparedwith norma controls of the dopamine
metabolite homovanillic acid (HVA) wereini tialy re ported
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by Linnoilaand othersinof fenderswithanti social per sonal
ity disorder (4). Thisfindingwasnotrepli cated by Virkkunen
and oth ers (29,74), but re duced HV A con cen trations have
beenreportedasafunctionof recidi vismintheof fender (75)
andintheof fender’ sfather (30). Reduced HVA con centra
tionshavea sobeenfoundinassoci ationwithaggressionin
abstinent alcoholics and healthy volunteers (76), although
there is some ques tion whether CSF HV A merely re flects
CSF 5-HIAA drive (77).

Vasopressin

Inani mal studies, vasopressin hasbeenimpli cated asafacil i
tator of theex pression of ag gression. Inthegolden ham ster,
forexample, administrationof avasopressinreceptor antage
nist re duces ag gres sive be hav iour (78). Fluoxetine, which
causesreductionof aggressioninthismodel, reducescentral
vasopressinlev els(79). Al though Virkkunenfound no cor re
lationof CSFvasopressinconcentrationwithlifehistoriesof
aggressioninasampleof 26 patientswith per sonal ity disor
ders, Coccarofound that CSF vasopressin cor relatesdi rectly
withlifehistory measuresof ag gressioninsub jectswith per
sonal ity disor ders, evenaf ter accountingfor therelationwith
PRL (d-FEN) re sponse (80).

Glucose M etabolism

Hypoglycemiahasbeenassoci atedwith ag gression (81,82).
Hypoglycemiaisthought tolead toim paired central neuronal
functionand consequentim pair mentincog ni tivepro cesses
and judgement, whichmay in creasetherisk of aggressionor
impulsivity (83).

Virkkunenhasdemonstratedthatimpul sivevi olentof fenders
withanti social personal ity disorder (84) and of fenderswith

intermittent explosive disorder (75,85,86) have lower glu-

cose nadir after glucose challenge, compared with norme

vol unteers. Heritability wassug gested by thefinding that im

pul sivevi olentof fenderswithcrimi nal fathershadlower glu

cosenadirsthanthosewithout crimi nal fathers. Howreactive

hypoglycemiaand 5-HT func tion arerelated in the ex pres

sionof violentaggressionisunclear.

Testosterone

Theroleof testoster oneinimpul siveaggressioniswell docu

mentedinani mal studies, with someev i dencethat testoster

onemay modulate5-HT, , and 5-HT,gef fectsonaggression
(87), but theroleof testoster oneinhumanag gressionisless
clear (88). Violentaggressionin men, on the whole, seems
morecor relatedwithab nor mal i tiesof serotonergicfunction

thanitisinwomen (89). Some of thismay beduetothemod u

lationof serotoninfunctionby sex hor mones. Inimpul sivevi

olentof fenders, CSFfreetestoster onehasbeenreportedtobe
el evatedinanti social, but notinter mittently ex plosive, sub

jects (75). More stud ies need to be done in this area.
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Cortisol and Corticotrophin

Theroleof cortisol and corticotrophin in hu man ag gression

has had limited study to date. In 1985, Virkkunen re ported
that 24-hour uri nary free cortisol waslow inanti so cial, but

not in intermittentlyexplosiveor nonimpulsive, vi olent of-
fenders(90). Inan other study, corticotrophinwasreportedto
besignificantly reducedinanti social impul sive violent of -
fenderscom pared withhealthy vol unteers, withatrendforin
termittently explosive violent dfenders to have reduced
corticotrophin concentrations in comparison with normal
controls(77).

Cholesterol

Low serumcholesterolshavebeenimpli catedinvi olenceand
sui cide sincethelate 1970s. Virkkunen re ported low serum

cholesteral concentrationsamonganti social,comparedwith
nonantisocial, subjectswithper sonal ity disor ders(91).Inan
other study involv ing alarge group of ho mi cide of fend ers,
Virkkunen demonstrated that impulsive violent offenders
withanti social personal ity disorderorintermittentexplosive
disorder also had lower serumcholesterol lev elsthan did
nonimpulsivevi olent of fend ers (92). Among the ho mi cide
of fenders,lower serumcholesterol lev el swereinversely cor-
related with the presence of aper sonal history of sui cide at-
tempt, self-injuriousbehaviour, andthepresenceof pater nal

violenceundertheinfluenceof al cohol.

A metaanalysis of randomized clinical trids of choles
terol-loweringinter ventionsshowedincreased mor tal ity due
tosui cideand vi olence (93), resultsthat wererepli cated in
some (94), but not al, studies(95).

Contradictoryreportshavea sobeenpublished. Forexample,
Apter and oth ers(96) looked at 152 con sec utivead missions
toanadolescent psy chi at ricinpatient unit (96). Serumcho-
lesterol inthisstudy wasposi tively cor related withad oles-
cent patientswhowerecur rently sui cidal. Continuingworkis
neededinthisareathat accountsfor confoundingfactorssuch

aspatient age, sex, psy chi at riccomorbidities, health status,

physi cal damage, medi cations, ex er cise, nutrition,andtiming
of cholesterol measurements.

Imaging Studies

Neuroimaging studies have found abnormalities of brain
functionthat cor relatewithaggression. Raineand others(97)

used posi tronemissionspectroscopy (PET) tostudy brainac-
tivity duringacontinuousper for mancetaskin41 mur der ers
pleading not guilty by reason of insanity. Hefound that mur-
der ershadreducedmetabolismintheprefrontal cortex, supe-
rior parietal gyrus, left angular gyrus, and in the corpus
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callosum. Asymmetry was also noted in the amygdala,
thalamus, and medial temporal lobe.

PET vi sual izationof cerebral metabolismhasbeenuseful in
validating theories linking brain function with behaviour.
Using PET to ex aminetheef fectsof fenfluraminechal lenge,
Mann (98) foundthat inhealthy vol unteers, fenfluramineled
to detectable increases in left prefrontal and left
temperoparietal cortex metabolism, results repeated by
Meyer (99), who showed that d-FEN led to bi lat eral frontal

cortex acti vationsanddecreased activity of thetemporal cor
tex and thalamus. Thus, the serotonin-releasing challenge

agentsfenfluramineand d-FEN havebeen shownto havespe
cificactionson discretear eas of the brain. Looking specif i
cally at impulsiveaggression in subjects with personality
disorder, Siever and others (100) examined 6 impuk
sive-aggressive patients and 5 healthy volunteers for re-
sponsetod-FEN or placebo. Inresponsetod, I-fenfluramine,
volunteers showed increasesin or bital frontal and ad jacent
medial frontal cor tex, cingulate, andinferior pari etal cor tex.
Conversely, patients with impulsive aggression, as deter
mined by the “Module for ImpulseAggressionDisorder,”

showed signif i cantly blunted met abolicresponsesinor bital
frontal,adjacentventral medial, andcingulatecor tex, but not

in the inferior parietal lobe, when compared with their
meatched con trols. Non spe cific stress ef fectswere ruled out
by apatient—nor mal control compar i sonusing placebochat
lenge. Similar results were found in a placebo-controlled
study using d, I-fenfluramine challenge and PET
neuroimagingin 5 patientswith per sond ity disor der and 8
healthy control subjects. Notably, thepatientswith per sonat
ity disorders all had histories of suicide attempts or
self-mutilation. Soloff and others (101) found greater re-
sponse to serotonergic challenge in the orbital and media

prefrontal cor tex of con trolsthan in patientswith BPD. Al
though both stud ieshad rel atively small sam ple sizes, they

agree with the hypothesis that the highly serotonergically
inervated prefrontal cor tex may beinvolvedintheregulation
of impul siveaggression. Innei ther study wasthereacor rela
tionbetweendegreeof depressionandmetabolicdif ferences.
Thereisfur ther evi denceof involvment of posterior regions
of the cingulate cortex in aggressive borderline patients
(102), consistentwiththeroleof cingulatecor tex inaf fective
eval uationofincomingstimuli.

Studiesof aggressivebehaviourinsubjectswithout psy chi at

ricor crimi nal historieshavefoundsimilar results. Studiesof
healthy menusing PET and behavioural acti vationimpli cate

the orbitofrontal cor tex, theright anterior cingulated cor tex,
andthebi lat eral temporal lobesinthenor mal ex pressionand
ex peri enceof anger (103). Takentogether, theseresultsfrom
neuroimaging studiesare con sistent with neuropathol ogical
reportsof increased numbersof serotonergicreceptorsinthe
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frontal cortex of sui cidevictims. Most studieshavefoundre-
duced maxi mumbindingtotheserotonintransporter (Bmax)
aswell asin creased bind ing to the postsynaptic 5-HT 1, and
5-HTx receptorsintheprefrontal cor tex of sui cidevictims
(104-106). All posi tivefindingshavebeenrepli cated (107).
Thereisalsosomeev i dencethat neuron number and density
inthe brainstem dor sal raphe nu cleuswas higher in sui cide
victimsthanincontrol subjects, lendingsupporttothenotion
that in these patients serotonergic dysfunction leadstoin-
creased num bers of serotonergic neu rons (108). This dys-

functionmay ex tendtothesec ond messenger systemaswell
(109,110).

Psychophar macology

A comprehensivereview of psychopharmacological studies
to dateisbeyond the scope of thispaper. In sum mary, how-
ever, psychopharmacological stud iesto date havetreated ag-
gression as a dimension, or target symptom, in different
di agnosticcat egories. Resultsaresometimessur prisingand
counterintuitive, be cause agentswhich might beef fectivein
onecontext may proveinef fectiveor evendel eteri ousinan
other. Insomedi agnosticcat egories, such asbor der lineper-
sonal ity disor der, di mensional aspectsof behav iour may be
clinically significant in conceptualizing psychopathology
andguidingef fectivetreat ment. Especiallyinnonemergency
set tings, care should be taken to avoid un nec es sary side ef-
fects by using the most spe cific agents pos si bleto treat ag-
gression while continuing to address other underlying
psychopathology. Todate, themost promisingclini cal strate-
gies involve using mood stabilizers or selective serotonin
reuptakeinhibitors(SSRIs)inpatientswithper sonal ity disor
dersand stimulantsinyoun ger patientswith ADHD or CD.
Ongoingresearchintothemedi cal treat mentof impul siveag
gressionisneeded, asarestudieslookingattheintegrationof
behav ioural and psychotherapeutic ap proaches.

Conclusion

Impul siveaggressionhasaroleinbothcriminal andnoncrim-
i nal behaviour. Althoughitsforensicimpli cationsarestill un
clear, an impulsive crime is not synonymous with a
nonpremeditated one. Datasup portthenotionthatit probably
hasasignifi cantgenetic, heri tablecomponent. A singlegene

for ag gression hasnot been found. Fur ther work may yet find

apoly mor phism, or combi nation of genes, that contributeto

the expressionof animpul sive-aggressivephenotype.

Impul siveaggressionhasmany of thechar acteristicsassoci-
atedwithtemper ament,includingrel ativestabil ity through
life,ex pressionearlyinlife, andassoci ationwithbi ologi cal
vari ables. Theserotonergic systemhasbeenthemost system-
ati caly studied of thesevari ables. Findingsof reducedlev els
of CSF5-HIAA inassoci ationwithviolentcrimi nal ity, def i
cits in serotonergic function as revealed by
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ClinicalImplications

- Centra 5-HT function seemsto beinversely related to measuresof
impul siveaggression in certain populations, such as adult
personality- disordered patients.

Im pul sive ag gression may bean as pect of per sonal ity thatisrela
tively stable over aperiod of years, heri table, and cor re lated with
biologi cal vari ables.

- Out patienttreat ment studiesof impul siveaggressionhavefavoured
the use of antidepressants and mood stabilizers over sedative-

hypnotics.

Limitations

- Centra 5-HT isnot the only neuro modu lator in volved withim pul
siveaggression. Someothersincludenorepi nephrine,dopamine, va
sopressin,andcholesterol.

Impul siveaggressionisapsy chi atricconcept. Itsforensicimpli ca
tionsaredeter mined by legal defi ni tionsand not clini cal ones.

- Somestudieshavefailedtorepli catetheassociationof serotoner gic
hy pofunctionwithim pul siveag gressionin specific groupsof pa
tients, such assubstance- abusing patientsand prepu ber tal patients
withconductdisor der.

psychopharmacol ogical chal lengestudies, andvi sual ization
of prefrontal cortex abnor mal i tiesinthebrainand inbrain
function with neuroimaging technology have alowed a
workable hypothesis to be made, link ing serotonergic dys
functionwithbehavioural disinhibitionandtheex pressionof
impul siveaggression. Al thoughchal lengestudiesinhumans
have em pha sized the role of the 5-HT ,a/2c heuroreceptors,
further investi gation of theroleof other serotoninreceptor
subtypes, other monoamines, hor mones, and neuropeptidesis
needed.

Above the contribution of putative genetic factors, the
serotonergicsystemisalsovery responsivetoenvi ronmental

factors,especialyearly disruptionsindevel opmentandearly
ex po sureto abuseor trauma. Inthissense, al thoughbi ologk

cally based, atheory of serotonergically medi atedinhi bi tion

of impul siveaggressionisnotbi ologi cally deterministicbe

causetheinfluenceof environmental vari ablesasamodulator
of serotonergic functionissignif i cant from mo ment to me

ment aswell asover alifetime, and serotonin’ sroleinbehav

iour is only in the context of the complicated relationship

betweenbrain, mind, and envi ronment.
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Resumé— Laneuropsychopharmacologiedelacriminalitéetducom portementagressif

Bienquelanotionselonlaquellelecompor tement agressif adescomposanteshiologiquesnesoit pasnouvelle, larecher cheré
centeengénétique, neuropsychophar macologieetneuroimagerieacontribuéaclarifier I’ apporthbiologiqueaucompor tement
agressif. Jusqu'ici, les études se sont con cen trées sur lafonc tion séro toniner gique et le ompor tementagressifimpul sif. Des
étudesdeprovocationphar macologiqueontrévél éunesensi bil itésérotoniner giqueréduite associéeaucomportementagressif
impul sif. Desétudesdeneuroimagerieindiquent unrdleducor texpréfrontal demémequed’ a utrespar tiesdu cer veaudans|’ ex
pressionducompor tementagressif. Lasérotoninen’ est pasleseul aspectdelafonctioncérébral equi par ti cipeaucompor tement
agressif impul sif, et d’ autrestravaux sont en courssur d’ autresneu rotransmet teur set neur opeptides.



