
BackgroundBackground Impulsive aggression inImpulsive aggression in

adulthood is associatedwith disturbancesadulthood is associatedwith disturbances

in serotonergic function.In contrast,in serotonergic function.In contrast,

research examining this association inresearch examining this association in

childhoodhas yielded inconsistent results.childhoodhas yielded inconsistentresults.

AimsAims The current studyexamined theThe current studyexamined the

prospective relationship betweenprospective relationship between

serotonergic functionmeasured inserotonergic functionmeasured in

childhood and the later emergence ofchildhood and the later emergence of

antisocialpersonalitydisorder.antisocialpersonalitydisorder.

MethodMethod Hormonalresponse toHormonalresponse to

fenfluramine, anindexof serotonergicfenfluramine, anindexof serotonergic

function, was assessed in 58 childrenwithfunction, was assessed in 58 childrenwith

attention-deficit hyperactivitydisorderattention-deficit hyperactivitydisorder

between1990 and1997 whentheywerebetween1990 and1997 whentheywere

aged 7^11years.Approximately 9 yearsaged 7^11years.Approximately 9 years

later these individualswere evaluated forlater these individualswere evaluated for

antisocialpersonalitydisorder.antisocialpersonalitydisorder.

ResultsResults Lower serotonergicLower serotonergic

responsivity assessed in childhoodresponsivity assessed in childhood

predicted the developmentof antisocialpredicted the developmentof antisocial

personalitydisorder (personalitydisorder (tt (56)(56)¼2.25,2.25,

PP¼0.028).0.028).

ConclusionsConclusions These results provide aThese results provide a

criticallinkbetweenthe child and adultcritical linkbetweenthe child and adult

literature onthe covariation of impulsiveliterature onthe covariation of impulsive

aggression and serotonergic function andaggression and serotonergic function and

suggest a potential explanation forsuggest a potential explanation for

inconsistencies inthe childhood literature.inconsistencies inthe childhood literature.
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The association between deficiencies in cen-The association between deficiencies in cen-

tral nervous system (CNS) serotonergictral nervous system (CNS) serotonergic

functioning and adult impulsive aggression,functioning and adult impulsive aggression,

particularly among males, is well estab-particularly among males, is well estab-

lished, whether indexed as aggressive be-lished, whether indexed as aggressive be-

haviour leading to incarceration, lifetimehaviour leading to incarceration, lifetime

history of aggressive acts as measured byhistory of aggressive acts as measured by

semi-structured interview, or self-ratingssemi-structured interview, or self-ratings

of dispositional aggression (see Manuckof dispositional aggression (see Manuck etet

alal, 2005, 2005aa for a review). Results from afor a review). Results from a

parallel body of research with non-humanparallel body of research with non-human

primates support this association (e.g.primates support this association (e.g.

MehlmanMehlman et alet al, 1994; Higley, 1994; Higley et alet al, 1996)., 1996).

Sociopathy is also associated with dysregu-Sociopathy is also associated with dysregu-

lated serotonergic function (e.g. O’Keanelated serotonergic function (e.g. O’Keane etet

alal, 1992), although people with antisocial, 1992), although people with antisocial

personality disorder do not always exhibitpersonality disorder do not always exhibit

aggressive behaviour (i.e. antisocial person-aggressive behaviour (i.e. antisocial person-

ality disorder and impulsive aggression areality disorder and impulsive aggression are

not completely overlapping constructs).not completely overlapping constructs).

In contrast to this large and consistentIn contrast to this large and consistent

body of work, the evidence linking dysregu-body of work, the evidence linking dysregu-

lated serotonergic function and aggressionlated serotonergic function and aggression

among children is equivocal (Kruesiamong children is equivocal (Kruesi et alet al,,

1990; Stoff1990; Stoff et alet al, 1992; Castellanos, 1992; Castellanos et alet al,,

1994; Halperin1994; Halperin et alet al, 1994, 1997; Pine, 1994, 1997; Pine etet

alal, 1997). One reason might be the exclu-, 1997). One reason might be the exclu-

sive focus on cross-sectional studies ofsive focus on cross-sectional studies of

childhood and early adolescence when ag-childhood and early adolescence when ag-

gression is temporally unstable (Moffitt,gression is temporally unstable (Moffitt,

1993); longitudinal research that examines1993); longitudinal research that examines

the neurobiological correlates of temporallythe neurobiological correlates of temporally

persistent aggression might yield more con-persistent aggression might yield more con-

sistent findings. In support of this view, onesistent findings. In support of this view, one

prospective study links lower 5-hydroxy-prospective study links lower 5-hydroxy-

indole acetic acid (5-HIAA) levels in theindole acetic acid (5-HIAA) levels in the

cerebrospinal fluid (CSF) of boys withcerebrospinal fluid (CSF) of boys with

disruptive behaviour disorders to aggres-disruptive behaviour disorders to aggres-

sion scores/arrests measured 2 years latersion scores/arrests measured 2 years later

(Kruesi(Kruesi et alet al, 1992). The current study capi-, 1992). The current study capi-

talised on the unique opportunity to ob-talised on the unique opportunity to ob-

serve the prospective relationship betweenserve the prospective relationship between

serotonergic function assessed in childhoodserotonergic function assessed in childhood

and the emergence of antisocial personalityand the emergence of antisocial personality

disorder in late adolescence/young adult-disorder in late adolescence/young adult-

hood. We predicted that a lower prolactinhood. We predicted that a lower prolactin

response to fenfluramine in childhoodresponse to fenfluramine in childhood

would be associated with the developmentwould be associated with the development

of antisocial personality disorder assessedof antisocial personality disorder assessed

9 years later.9 years later.

METHODMETHOD

Baseline evaluationBaseline evaluation

Between July 1990 and May 1997, 7– toBetween July 1990 and May 1997, 7– to

11-year-old children were referred by clin-11-year-old children were referred by clin-

icians to a research programme examiningicians to a research programme examining

the relationship between serotonergic func-the relationship between serotonergic func-

tion and aggression in children with disrup-tion and aggression in children with disrup-

tive behaviour disorders. Children weretive behaviour disorders. Children were

screened using the IOWA Conners Teacherscreened using the IOWA Conners Teacher

Rating Scale (Loney & Milich, 1982). Sub-Rating Scale (Loney & Milich, 1982). Sub-

sequently, parents completed the Childsequently, parents completed the Child

Behavior Checklist (CBCL; Achenbach,Behavior Checklist (CBCL; Achenbach,

1991) and were interviewed with the Diag-1991) and were interviewed with the Diag-

nostic Interview Schedule for Childrennostic Interview Schedule for Children

(Shaffer(Shaffer et alet al, 1996)., 1996).

The current report is based on the totalThe current report is based on the total

number of participants with attention-number of participants with attention-

deficit hyperactivity disorder (ADHD)deficit hyperactivity disorder (ADHD)

who had undergone the childhood evalua-who had undergone the childhood evalua-

tion including a fenfluramine challengetion including a fenfluramine challenge

and who were later interviewed for identifi-and who were later interviewed for identifi-

cation of Axis II psychopathology betweencation of Axis II psychopathology between

August 2001 and February 2005. The sam-August 2001 and February 2005. The sam-

ple included 52 males and 6 females andple included 52 males and 6 females and

represents 53% of the total number ofrepresents 53% of the total number of

children who were administered the fenflur-children who were administered the fenflur-

amine challenge and were eligible foramine challenge and were eligible for

follow-up in February 2005 (follow-up in February 2005 (nn¼110). Parti-110). Parti-

cipation in the follow-up evaluation wascipation in the follow-up evaluation was

not associated with gender, socio-economicnot associated with gender, socio-economic

status, age at initial evaluation, IQ, orstatus, age at initial evaluation, IQ, or

parent and teacher ratings of psychopathol-parent and teacher ratings of psychopathol-

ogy (ogy (PP550.18). At baseline, all 58 children0.18). At baseline, all 58 children

(mean age 9.24, s.d.(mean age 9.24, s.d.¼1.19 years) met diag-1.19 years) met diag-

nostic criteria for ADHD and 47 were diag-nostic criteria for ADHD and 47 were diag-

nosed with oppositional-defiant disorder;nosed with oppositional-defiant disorder;

21 met criteria for conduct disorder.21 met criteria for conduct disorder.

Fenfluramine challengeFenfluramine challenge

Following the clinical evaluation and priorFollowing the clinical evaluation and prior

to the day of the challenge protocol, parti-to the day of the challenge protocol, parti-

cipants followed a low monoamine dietcipants followed a low monoamine diet

for 3 days and reported to the laboratoryfor 3 days and reported to the laboratory

at 08.00 h after fasting overnight. Anat 08.00 h after fasting overnight. An

indwelling catheter was inserted into aindwelling catheter was inserted into a

forearm vein. Following an adaptation per-forearm vein. Following an adaptation per-

iod, baseline blood samples were drawn atiod, baseline blood samples were drawn at

09.45 h and 09.55 h. At 10.00 h, a 1 mg/kg09.45 h and 09.55 h. At 10.00 h, a 1 mg/kg

dose of d,l-fenfluramine hydrochloridedose of d,l-fenfluramine hydrochloride

was administered orally. Blood sampleswas administered orally. Blood samples

were drawn 60, 120, 180, 240 and 300 minwere drawn 60, 120, 180, 240 and 300 min

later for determination of plasma prolactin,later for determination of plasma prolactin,

fenfluramine and norfenfluramine concen-fenfluramine and norfenfluramine concen-

trations. All samples were placed on icetrations. All samples were placed on ice

prior to centrifugation (within 2 h). Afterprior to centrifugation (within 2 h). After
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separation, samples were frozen atseparation, samples were frozen at 77808088CC

until analysis. The lower limit of detectionuntil analysis. The lower limit of detection

for the prolactin assay isfor the prolactin assay is 551.0 ng/ml. Intra-1.0 ng/ml. Intra-

and interassay variability are less thanand interassay variability are less than

6.7% and 8.4% respectively. Blood sam-6.7% and 8.4% respectively. Blood sam-

ples for determination of plasma fenflura-ples for determination of plasma fenflura-

mine and norfenfluramine were drawnmine and norfenfluramine were drawn

hourly. After separation, these sampleshourly. After separation, these samples

were frozen atwere frozen at 77202088C prior to assay byC prior to assay by

gas chromatography with electrical detec-gas chromatography with electrical detec-

tion. The lower limit of sensitivity for thesetion. The lower limit of sensitivity for these

assays is 2 ng/ml for fenfluramine andassays is 2 ng/ml for fenfluramine and

3 ng/ml for norfenfluramine. Intra- and3 ng/ml for norfenfluramine. Intra- and

interassay variability for the two assaysinterassay variability for the two assays

are less than 7%. Participants remainedare less than 7%. Participants remained

awake and fasting during the entire pro-awake and fasting during the entire pro-

cedure, reclining in a bed and watchingcedure, reclining in a bed and watching

videotapes. All fenfluramine studies werevideotapes. All fenfluramine studies were

completed prior to September 1997.completed prior to September 1997.

Follow-up evaluationFollow-up evaluation

Participants who were evaluated for ADHDParticipants who were evaluated for ADHD

in childhood were contacted to participatein childhood were contacted to participate

in a study of the longitudinal course ofin a study of the longitudinal course of

ADHD. The mean (s.d.) age at follow-upADHD. The mean (s.d.) age at follow-up

was 18.44 (1.23) years; follow-up tookwas 18.44 (1.23) years; follow-up took

place on average 9.4 years later (s.d.place on average 9.4 years later (s.d.¼1.91.9

years). Seventeen participants identifiedyears). Seventeen participants identified

themselves as African American, 18 asthemselves as African American, 18 as

non-Hispanic White, 18 as Black Hispanicnon-Hispanic White, 18 as Black Hispanic

and 5 as mixed race. The participants wereand 5 as mixed race. The participants were

generally of lower- to lower-middle socio-generally of lower- to lower-middle socio-

economic status (SES) (mean SES scoreeconomic status (SES) (mean SES score

44.59, s.d.44.59, s.d.¼15.62; Nakao & Treas,15.62; Nakao & Treas,

1994). At follow-up, all participants and a1994). At follow-up, all participants and a

parent or adult relative (informant) wereparent or adult relative (informant) were

administered the Structured Clinical Inter-administered the Structured Clinical Inter-

view for DSM–IV Axis II Personality Dis-view for DSM–IV Axis II Personality Dis-

orders (SCID–II; Firstorders (SCID–II; First et alet al, 1997)., 1997).

Although diagnoses of personality dis-Although diagnoses of personality dis-

order have not traditionally been assignedorder have not traditionally been assigned

to people under 18, there is growing accep-to people under 18, there is growing accep-

tance that personality disorder diagnosestance that personality disorder diagnoses

can be made reliably in adolescence (e.g.can be made reliably in adolescence (e.g.

BernsteinBernstein et alet al, 1993; Johnson, 1993; Johnson et alet al, 1995), 1995)

and DSM–IV–TR (American Psychiatricand DSM–IV–TR (American Psychiatric

Association, 2000) allows for this if theAssociation, 2000) allows for this if the

symptoms are persistent and present for atsymptoms are persistent and present for at

least 1 year. In the case of antisocial person-least 1 year. In the case of antisocial person-

ality disorder, a prior diagnosis of conductality disorder, a prior diagnosis of conduct

disorder is also required and, by definition,disorder is also required and, by definition,

it is the only personality disorder diagnosisit is the only personality disorder diagnosis

that cannot be made in individuals underthat cannot be made in individuals under

18. In the current study, because the18. In the current study, because the

SCID–II interview was used for researchSCID–II interview was used for research

purposes it was administered to all parti-purposes it was administered to all parti-

cipants regardless of age; if they were foundcipants regardless of age; if they were found

to meet criteria for conduct disorder basedto meet criteria for conduct disorder based

on the interview, the criteria for antisocialon the interview, the criteria for antisocial

personality disorder were also evaluated.personality disorder were also evaluated.

Interviewers were masked to baseline data,Interviewers were masked to baseline data,

including whether children had been givenincluding whether children had been given

a diagnosis of conduct disorder during thea diagnosis of conduct disorder during the

baseline study, and the interviews werebaseline study, and the interviews were

conducted independently (i.e. the same in-conducted independently (i.e. the same in-

terviewer did not interview the participantterviewer did not interview the participant

and informant). Proband and informant in-and informant). Proband and informant in-

terviews were not conducted for all partici-terviews were not conducted for all partici-

pants; one proband died prior to evaluationpants; one proband died prior to evaluation

and three probands did not identify anand three probands did not identify an

informant. If either the participant or theinformant. If either the participant or the

informant endorsed criteria for antisocialinformant endorsed criteria for antisocial

personality disorder, the participant waspersonality disorder, the participant was

considered to carry the diagnosis. Concord-considered to carry the diagnosis. Concord-

ance (Pearson’sance (Pearson’s rr) between ratings was 0.62.) between ratings was 0.62.

Signed informed consent was obtainedSigned informed consent was obtained

from participants over 18 years and fromfrom participants over 18 years and from

parents for participants under 18, in whomparents for participants under 18, in whom

assent was obtained. The protocol was ap-assent was obtained. The protocol was ap-

proved by the institutional review boards atproved by the institutional review boards at

Queens College, City University of NewQueens College, City University of New

York and Mount Sinai School of Medicine.York and Mount Sinai School of Medicine.

Data reduction and statisticalData reduction and statistical
analysesanalyses

Baseline prolactin level was calculated asBaseline prolactin level was calculated as

the mean of two blood samples collectedthe mean of two blood samples collected

prior to administration of fenfluramineprior to administration of fenfluramine

and area under the curve (AUC PRL[fen])and area under the curve (AUC PRL[fen])

was calculated using trapezoidal integra-was calculated using trapezoidal integra-

tion (Pruessnertion (Pruessner et alet al, 2003). Both baseline, 2003). Both baseline

prolactin and AUC PRL[fen] were log-prolactin and AUC PRL[fen] were log-

transformed prior to analyses to normalisetransformed prior to analyses to normalise

the distributions. Owing to the moderatethe distributions. Owing to the moderate

association between baseline prolactin andassociation between baseline prolactin and

AUC (AUC (rr¼0.57), log AUC PRL[fen] was re-0.57), log AUC PRL[fen] was re-

gressed on log baseline prolactin to obtaingressed on log baseline prolactin to obtain

a baseline-independent measure of seroto-a baseline-independent measure of seroto-

nergic responsivity. This served as thenergic responsivity. This served as the

major outcome measure of serotonergic re-major outcome measure of serotonergic re-

sponsivity. Fenfluramine and norfenflura-sponsivity. Fenfluramine and norfenflura-

mine levels during the challenge weremine levels during the challenge were

averaged across time but were unavailableaveraged across time but were unavailable

for three participants. These averages werefor three participants. These averages were

found to be correlated with log AUCfound to be correlated with log AUC

PRL[fen] (PRL[fen] (rr¼0.45 and 0.39 respectively);0.45 and 0.39 respectively);

log AUC PRL[fen] was thus adjusted forlog AUC PRL[fen] was thus adjusted for

covariation with log baseline prolactin con-covariation with log baseline prolactin con-

centration and drug levels using linear re-centration and drug levels using linear re-

gression. The hypothesis that lowergression. The hypothesis that lower

serotonergic responsivity would predictserotonergic responsivity would predict

the development of antisocial personalitythe development of antisocial personality

disorder was evaluated using two-taileddisorder was evaluated using two-tailed

Student’sStudent’s tt-tests.-tests.

RESULTSRESULTS

Seventeen participants (29%) met criteriaSeventeen participants (29%) met criteria

for antisocial personality disorder accordingfor antisocial personality disorder according

to self-report or informant report andto self-report or informant report and

results indicated that lower serotonergicresults indicated that lower serotonergic

responsivity in childhood predicted theresponsivity in childhood predicted the

development of antisocial personality dis-development of antisocial personality dis-

order (order (tt (56)(56)¼2.25,2.25, PP¼0.028). Unadjusted0.028). Unadjusted

prolactin levels throughout the 5 h chal-prolactin levels throughout the 5 h chal-

lenge are shown in Fig. 1. The differencelenge are shown in Fig. 1. The difference

between groups was greater after also ad-between groups was greater after also ad-

justing for drug concentrations (justing for drug concentrations (tt (53)(53)¼
2.71,2.71, PP550.001). Gender is associated with0.001). Gender is associated with

responsivity to fenfluramine among adultsresponsivity to fenfluramine among adults

(McBride(McBride et alet al, 1990) and children (Koda, 1990) and children (Koda

et alet al, 1996), with females showing greater, 1996), with females showing greater

hormonal responsivity. Although therehormonal responsivity. Although there

were no gender differences in serotonergicwere no gender differences in serotonergic

responsivity in the current sample (responsivity in the current sample (tt (56)(56)¼
770.26,0.26, PP¼0.79), no females in the current0.79), no females in the current

sample met criteria for antisocial personal-sample met criteria for antisocial personal-

ity disorder. Thus, it might be argued thatity disorder. Thus, it might be argued that

gender accounts for the group differencesgender accounts for the group differences

reported here. We therefore conductedreported here. We therefore conducted postpost

hochoc analyses excluding girls, but the resultsanalyses excluding girls, but the results

were unchanged after adjusting for log-were unchanged after adjusting for log-

baseline prolactin (baseline prolactin (tt (50)(50)¼2.27,2.27, PP¼0.028)0.028)

and after adjusting for log baseline prolac-and after adjusting for log baseline prolac-

tin and drug concentrations (tin and drug concentrations (tt (48)(48)¼2.93,2.93,

PP¼0.005).0.005).

The two diagnostic groups were thenThe two diagnostic groups were then

compared for other characteristics mea-compared for other characteristics mea-

sured in childhood and were not found tosured in childhood and were not found to

differ in age (differ in age (PP¼0.76), full-scale IQ0.76), full-scale IQ

((PP¼0.42), parent ratings on the CBCL of0.42), parent ratings on the CBCL of

attentional difficulties (attentional difficulties (PP¼0.75) or aggres-0.75) or aggres-

sion (sion (PP¼0.39). There was a tendency for0.39). There was a tendency for

parents to endorse higher levels of delin-parents to endorse higher levels of delin-

quent behaviour in childhood among thosequent behaviour in childhood among those

who later developed antisocial personalitywho later developed antisocial personality

disorder (disorder (tt (49)(49)¼771.88,1.88, PP¼0.066) and0.066) and

teachers rated these children as moreteachers rated these children as more

aggressive (aggressive (tt (53)(53)¼772.23,2.23, PP¼0.03) on the0.03) on the

IOWA Connors Aggression Scale. TheIOWA Connors Aggression Scale. The

two groups did not differ in the numbertwo groups did not differ in the number

of years between the fenfluramine challengeof years between the fenfluramine challenge

and evaluation of antisocial personality dis-and evaluation of antisocial personality dis-

order (order (PP¼0.10) or in SES score measured at0.10) or in SES score measured at

the second evaluation (the second evaluation (PP¼0.25). Interviews0.25). Interviews

to ascertain family history were conductedto ascertain family history were conducted
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Fig. 1Fig. 1 Plasma prolactin concentrations followingPlasma prolactin concentrations following

administration of a1mg/kg dose of d,l-fenfluramineadministration of a1mg/kg dose of d,l-fenfluramine

hydrochloride. - -hydrochloride. - -&& - -, Antisocial personality disor-- -, Antisocial personality disor-

der; �der; �&& �, no antisocial personality disorder.�, no antisocial personality disorder.
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at the initial evaluation for 47 participantsat the initial evaluation for 47 participants

(81%). Results indicated that participants(81%). Results indicated that participants

who met criteria for antisocial personalitywho met criteria for antisocial personality

disorder had a higher percentage of relativesdisorder had a higher percentage of relatives

with the disorder, (with the disorder, (tt (45)(45)¼3.69,3.69, PP¼0.001).0.001).

Criteria for antisocial personality dis-Criteria for antisocial personality dis-

order were evaluated if participants metorder were evaluated if participants met

criteria for conduct disorder on thecriteria for conduct disorder on the

SCID–II, even if they were under age 18.SCID–II, even if they were under age 18.

However,However, post hocpost hoc analyses included onlyanalyses included only

participants who were 18 years or over atparticipants who were 18 years or over at

the time of the interview assessmentthe time of the interview assessment

((nn¼33). Despite loss in statistical power,33). Despite loss in statistical power,

results indicated that lower serotonergicresults indicated that lower serotonergic

responsivity was associated with the devel-responsivity was associated with the devel-

opment of antisocial personality disorder,opment of antisocial personality disorder,

((tt (31)(31)¼2.32,2.32, PP¼0.03).0.03).

Finally, an exploratory forward selec-Finally, an exploratory forward selec-

tion stepwise logistic regression analysistion stepwise logistic regression analysis

using maximum likelihood estimates wasusing maximum likelihood estimates was

conducted to examine the relative influenceconducted to examine the relative influence

of childhood conduct disorder, childhoodof childhood conduct disorder, childhood

aggression (IOWA Connors Aggressionaggression (IOWA Connors Aggression

Scale) and childhood serotonergic functionScale) and childhood serotonergic function

(baseline-adjusted log AUC PRL[fen]) in(baseline-adjusted log AUC PRL[fen]) in

predicting a diagnosis of antisocial person-predicting a diagnosis of antisocial person-

ality disorder. Results indicated that a mod-ality disorder. Results indicated that a mod-

el that included serotonergic functioningel that included serotonergic functioning

and childhood aggression was significantand childhood aggression was significant

((ww22(2)(2)¼13.22,13.22, PP¼0.001,0.001, 772LL2LL¼53.79).53.79).

Serotonergic functioning entered the modelSerotonergic functioning entered the model

first (first (BB¼773.05, 95% CI3.05, 95% CI 775.43 to5.43 to 770.68),0.68),

zz¼6.4,6.4, PP¼0.012), followed by childhood0.012), followed by childhood

aggression (aggression (BB¼0.21 (95% CI 0.04–0.38);0.21 (95% CI 0.04–0.38);

zz¼6.2,6.2, PP¼0.013). Odds ratios are not re-0.013). Odds ratios are not re-

ported because serotonergic functioning isported because serotonergic functioning is

represented by a log transformation ofrepresented by a log transformation of

AUC, which is not a meaningful unit ofAUC, which is not a meaningful unit of

measurement.measurement.

DISCUSSIONDISCUSSION

Main findingsMain findings

These results are the first to demostrate thatThese results are the first to demostrate that

dysregulated serotonergic function mea-dysregulated serotonergic function mea-

sured during childhood (i.e. lower prolactinsured during childhood (i.e. lower prolactin

responsivity to fenfluramine) predicts theresponsivity to fenfluramine) predicts the

emergence of antisocial personality dis-emergence of antisocial personality dis-

order in early adulthood. Although consis-order in early adulthood. Although consis-

tent with a considerable body of adulttent with a considerable body of adult

human and non-human primate researchhuman and non-human primate research

showing that dysregulated serotonergicshowing that dysregulated serotonergic

function is associated with impulsive ag-function is associated with impulsive ag-

gression, these are remarkable findingsgression, these are remarkable findings

given that serotonergic responsivity wasgiven that serotonergic responsivity was

assessed 9 years prior to the assessment ofassessed 9 years prior to the assessment of

antisocial personality disorder and wasantisocial personality disorder and was

not at the time correlated with the severitynot at the time correlated with the severity

of childhood aggression (Schulzof childhood aggression (Schulz et alet al, 2001)., 2001).

Moreover, these results provide a criti-Moreover, these results provide a criti-

cal link between the child and adult litera-cal link between the child and adult litera-

ture on the covariation of impulsiveture on the covariation of impulsive

aggression and serotonergic function be-aggression and serotonergic function be-

cause this is the only study that spans thecause this is the only study that spans the

developmental period between childhooddevelopmental period between childhood

and early adulthood.and early adulthood.

Other studiesOther studies

A potential explanation for inconsistenciesA potential explanation for inconsistencies

in the childhood literature is that aggressivein the childhood literature is that aggressive

and delinquent behaviour across childhoodand delinquent behaviour across childhood

and adolescence is temporally unstable andand adolescence is temporally unstable and

less tightly linked to individual variation inless tightly linked to individual variation in

serotonergic function than in adulthood.serotonergic function than in adulthood.

Developmental theories of antisocial person-Developmental theories of antisocial person-

ality disorder propose alternative trajectoriesality disorder propose alternative trajectories

from childhood to adulthood, includingfrom childhood to adulthood, including

continuous or life-course-persistent andcontinuous or life-course-persistent and

transitory or adolescence-limited antisocialtransitory or adolescence-limited antisocial

behaviour (DiLalla & Gottesman, 1989;behaviour (DiLalla & Gottesman, 1989;

Moffitt, 1993). These theories propose thatMoffitt, 1993). These theories propose that

delinquent behaviour in children that per-delinquent behaviour in children that per-

sists into adulthood is a more heritable orsists into adulthood is a more heritable or

biologically mediated form of behaviourbiologically mediated form of behaviour

that likely includes aggression and violence.that likely includes aggression and violence.

This view is supported by a twin studyThis view is supported by a twin study

showing that age at onset moderates theshowing that age at onset moderates the

association between genetic and environ-association between genetic and environ-

mental influences on antisocial behaviourmental influences on antisocial behaviour

(Slutske(Slutske et alet al, 1997) and a meta-analysis of, 1997) and a meta-analysis of

twin studies of aggression (Miles & Carey,twin studies of aggression (Miles & Carey,

1997), which concluded that heritability1997), which concluded that heritability

estimates of aggression increase from child-estimates of aggression increase from child-

hood to adulthood, whereas the relativehood to adulthood, whereas the relative

magnitude of environmental influences de-magnitude of environmental influences de-

creases. In the current study, we observedcreases. In the current study, we observed

that boys who went on to develop anti-that boys who went on to develop anti-

social personality disorder had moresocial personality disorder had more

relatives with such a diagnosis, which isrelatives with such a diagnosis, which is

consistent with our previous report thatconsistent with our previous report that

aggressive children with higher familialaggressive children with higher familial

aggregation of aggressive and antisocialaggregation of aggressive and antisocial

behaviours show a lower prolactin responsebehaviours show a lower prolactin response

to fenfluramine (Halperinto fenfluramine (Halperin et alet al, 2003)., 2003).

In contrast to life-course-persistentIn contrast to life-course-persistent

antisocial behaviour, many adolescents en-antisocial behaviour, many adolescents en-

gage in more ‘normative’ forms of delin-gage in more ‘normative’ forms of delin-

quent behaviour, including substance use.quent behaviour, including substance use.

Because the base rate of this behaviour isBecause the base rate of this behaviour is

so high, it is correlated with neither child-so high, it is correlated with neither child-

hood nor adult behaviour. Of the 21 chil-hood nor adult behaviour. Of the 21 chil-

dren diagnosed with conduct disorder indren diagnosed with conduct disorder in

childhood in the current sample, only aboutchildhood in the current sample, only about

half (half (nn¼11) went on to develop antisocial11) went on to develop antisocial

personality disorder, corresponding to thepersonality disorder, corresponding to the

stability data reported by Laheystability data reported by Lahey et alet al

(2005) in a longitudinal study of conduct(2005) in a longitudinal study of conduct

disorder first assessed in childhood. Indisorder first assessed in childhood. In

addition, seven individuals who met criteriaaddition, seven individuals who met criteria

for antisocial personality disorder did notfor antisocial personality disorder did not

carry a diagnosis of conduct disorder atcarry a diagnosis of conduct disorder at

the time of the childhood evaluation,the time of the childhood evaluation,

although six of the seven met criteria foralthough six of the seven met criteria for

oppositional defiant disorder, another pre-oppositional defiant disorder, another pre-

cursor for antisocial personality disorder.cursor for antisocial personality disorder.

In these, features of conduct disorderIn these, features of conduct disorder

emerged after the childhood evaluation,emerged after the childhood evaluation,

and indeed, were apparent at the time of as-and indeed, were apparent at the time of as-

sessment of antisocial personality disorder.sessment of antisocial personality disorder.

It should also be noted that children whoIt should also be noted that children who

did not meet full criteria for conduct disor-did not meet full criteria for conduct disor-

der duringder during childhood would not necessarilychildhood would not necessarily

be considered ‘non-aggressive’. Because allbe considered ‘non-aggressive’. Because all

children met criteria for a disruptive behav-children met criteria for a disruptive behav-

iour disorder upon study entry, they mightiour disorder upon study entry, they might

have exhibited features of conduct disorderhave exhibited features of conduct disorder

that did not reach the threshold level forthat did not reach the threshold level for

diagnosis.diagnosis.

The results from the current study areThe results from the current study are

not informative regarding the origins ofnot informative regarding the origins of

the covariation between dysregulated sero-the covariation between dysregulated sero-

tonergic activity and antisocial personalitytonergic activity and antisocial personality

disorder. Pedigree studies suggest that in-disorder. Pedigree studies suggest that in-

dices of serotonin (e.g. whole blood, CSFdices of serotonin (e.g. whole blood, CSF

5-HIAA levels) are heritable (Higley5-HIAA levels) are heritable (Higley et alet al,,

1993; Abney1993; Abney et alet al, 2001), as are measures, 2001), as are measures

of aggression and antisocial behaviourof aggression and antisocial behaviour

(Miles & Carey, 1997; Slutske(Miles & Carey, 1997; Slutske et alet al,,

1997). Environmental conditions sugges-1997). Environmental conditions sugges-

tive of social adversity (e.g. peer rearing intive of social adversity (e.g. peer rearing in

non-human primates (Shannonnon-human primates (Shannon et alet al,,

2005) and poverty and unemployment2005) and poverty and unemployment

(Manuck(Manuck et alet al, 2005, 2005bb)) are associated with)) are associated with

dysregulated serotonergic function anddysregulated serotonergic function and

these social factors may interact with func-these social factors may interact with func-

tional variants of serotonin-regulatingtional variants of serotonin-regulating

genes to confer greater risk for antisocialgenes to confer greater risk for antisocial

personality disorder (Caspipersonality disorder (Caspi et alet al, 2002)., 2002).

Because the current sample included onlyBecause the current sample included only

children with disruptive behaviour disor-children with disruptive behaviour disor-

ders, in whom we would expect to see a fullders, in whom we would expect to see a full

complement of genetic and environmentalcomplement of genetic and environmental

risk predictors for antisocial personalityrisk predictors for antisocial personality

disorder, we cannot disentangle the relativedisorder, we cannot disentangle the relative

impact of these factors on serotonergicimpact of these factors on serotonergic

function prior to age 7. Moreover, we dofunction prior to age 7. Moreover, we do

not posit that dysregulated serotonergicnot posit that dysregulated serotonergic

function is the sole feature that leads tofunction is the sole feature that leads to

antisocial personality disorder, but considerantisocial personality disorder, but consider

it one aspect of a complex interplay betweenit one aspect of a complex interplay between

biological and psychosocial variables.biological and psychosocial variables.

Limitations of the studyLimitations of the study

Limitations of the current study should beLimitations of the current study should be

acknowledged. The sample size was smallacknowledged. The sample size was small

and prospective replication of the associa-and prospective replication of the associa-

tion is warranted. However, the extendedtion is warranted. However, the extended
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length of follow-up and the fact that the as-length of follow-up and the fact that the as-

sociation between serotonergic functioningsociation between serotonergic functioning

and antisocial personality disorder couldand antisocial personality disorder could

not be explained by common risk factorsnot be explained by common risk factors

(e.g. gender, IQ, SES) suggests that the(e.g. gender, IQ, SES) suggests that the

finding is robust. The sample was predomi-finding is robust. The sample was predomi-

nantly male and the findings may notnantly male and the findings may not

generalise to girls, but we note that thegeneralise to girls, but we note that the

results were unchanged upon exclusion ofresults were unchanged upon exclusion of

females from the analyses. In addition,females from the analyses. In addition,

although it is of great interest to identifyalthough it is of great interest to identify

neurobiological features that are associatedneurobiological features that are associated

with specific aspects of antisocial personal-with specific aspects of antisocial personal-

ity disorder (e.g. Yangity disorder (e.g. Yang et alet al, 2005), the, 2005), the

number of people meeting the criteria fornumber of people meeting the criteria for

such a diagnosis was considered too smallsuch a diagnosis was considered too small

to conduct these analyses.to conduct these analyses.

Limitations of the method used forLimitations of the method used for

measuring central serotonergic functionmeasuring central serotonergic function

should be acknowledged. Throughout theshould be acknowledged. Throughout the

1980s and 1990s hormonal responsivity to1980s and 1990s hormonal responsivity to

fenfluramine was a well-established andfenfluramine was a well-established and

frequently-used measure for assessingfrequently-used measure for assessing

serotonergic function in the hypothalamic–serotonergic function in the hypothalamic–

pituitary axis and the procedure is con-pituitary axis and the procedure is con-

sidered to reflect ‘net’ serotonergic trans-sidered to reflect ‘net’ serotonergic trans-

mission from the raphe nuclei to themission from the raphe nuclei to the

hypothalamus, including both presynaptichypothalamus, including both presynaptic

and postsynaptic functioning (Coccaroand postsynaptic functioning (Coccaro etet

alal, 1989; Yatham & Steiner, 1993),, 1989; Yatham & Steiner, 1993),

although data suggest that the findingsalthough data suggest that the findings

may generalise to the prefrontal cortexmay generalise to the prefrontal cortex

(Soloff(Soloff et alet al, 2000). This method of assess-, 2000). This method of assess-

ment has been largely supplanted by neu-ment has been largely supplanted by neu-

roimaging which affords greater regionalroimaging which affords greater regional

specificity of central serotonergic pathwaysspecificity of central serotonergic pathways

and receptor activity. In addition, it shouldand receptor activity. In addition, it should

be noted that fenfluramine was withdrawnbe noted that fenfluramine was withdrawn

from the US market in 1997 when safetyfrom the US market in 1997 when safety

concerns curtailed its continued use inconcerns curtailed its continued use in

neurobiological research, which preventedneurobiological research, which prevented

us from repeating biological assessment inus from repeating biological assessment in

our young adult sample.our young adult sample.

Antisocial personality disorder is a het-Antisocial personality disorder is a het-

erogeneous entity that includes overlappingerogeneous entity that includes overlapping

constructs: criminal behaviour, impulsiveconstructs: criminal behaviour, impulsive

aggression and a lack of remorse for trans-aggression and a lack of remorse for trans-

gressions. The literature suggests that dys-gressions. The literature suggests that dys-

regulated serotonergic function will beregulated serotonergic function will be

associated prospectively with impulsiveassociated prospectively with impulsive

aggression rather than other aspects ofaggression rather than other aspects of

antisocial personality disorder, but thisantisocial personality disorder, but this

hypothesis awaits verification.hypothesis awaits verification.

The age range of the current sampleThe age range of the current sample

spans the time of the developmental transi-spans the time of the developmental transi-

tion from adolescence into young adult-tion from adolescence into young adult-

hood and it will be critical to follow thesehood and it will be critical to follow these

individuals over the next 5–10 years toindividuals over the next 5–10 years to

determine whether their current levels ofdetermine whether their current levels of

behaviour persist. The longitudinal naturebehaviour persist. The longitudinal nature

of this study will enable us to examineof this study will enable us to examine

specific childhood neurobiological and psy-specific childhood neurobiological and psy-

chosocial predictors of the persistence ofchosocial predictors of the persistence of

aggression and related forms of antisocialaggression and related forms of antisocial

behaviour.behaviour.

ACKNOWLEDGEMENTSACKNOWLEDGEMENTS

This work was supported in part by grantsThis work was supported in part by grants
RO1MH046448 (to J.M.H.) and KO1069979 (toRO1MH046448 (to J.M.H.) and KO1069979 (to
J.D.F.) from the National Institute of Mental Health.J.D.F.) from the National Institute of Mental Health.

REFERENCESREFERENCES

Abney, M., McPeek, M. S. & Ober,C. (2001)Abney, M., McPeek, M. S. & Ober,C. (2001) BroadBroad
and narrow heritabilities of quantitative traits in aand narrow heritabilities of quantitative traits in a
founder population.founder population. American Journal of Human GeneticsAmerican Journal of Human Genetics,,
6868, 1302^1307., 1302^1307.

Achenbach,T. M. (1991)Achenbach,T. M. (1991) Manual for the Child BehaviorManual for the Child Behavior
Checklist 4/18 and 1991ProfileChecklist 4/18 and 1991Profile.University of Vermont..University of Vermont.

American Psychiatric Association (2000)American Psychiatric Association (2000) DiagnosticDiagnostic
and Statistical Manual of Mental Disordersand Statistical Manual of Mental Disorders, (4th edn, text, (4th edn, text
revision) (DSM^IV^TR). APA.revision) (DSM^IV^TR). APA.

Bernstein, D. P., Cohen, P.,Velez,N.,Bernstein, D. P., Cohen, P.,Velez,N., et alet al (1993)(1993)
Prevalence and stability of the DSM^III^R personalityPrevalence and stability of the DSM^III^R personality
disorders in a community-based survey of adolescents.disorders in a community-based survey of adolescents.
American Journal of PsychiatryAmerican Journal of Psychiatry,, 150150, 1237^1243.,1237^1243.

Caspi, A., McClay, J., Moffitt,T. E.,Caspi, A., McClay, J., Moffitt,T. E., et alet al (2002)(2002) RoleRole
of genotype in the cycle of violence in maltreatedof genotype in the cycle of violence in maltreated
children.children. ScienceScience,, 297297, 851^854., 851^854.

Castellanos, F. X., Elia, J., Kruesi, M. J.,Castellanos, F. X., Elia, J., Kruesi, M. J., et alet al (1994)(1994)
Cerebrospinal fluid monoamine metabolites in boys withCerebrospinal fluid monoaminemetabolites in boys with
attention-deficit hyperactivity disorder.attention-deficit hyperactivity disorder. PsychiatryPsychiatry
ResearchResearch,, 5252, 305^316., 305^316.

Coccaro, E. F., Siever, L. J., Klar, H. M.,Coccaro, E. F., Siever, L. J., Klar,H. M., et alet al (1989)(1989)
Serotonergic studies in patients with affective andSerotonergic studies in patients with affective and
personality disorders: correlates with suicidal andpersonality disorders: correlates with suicidal and
impulsive aggressive behavior.impulsive aggressive behavior. Archives of GeneralArchives of General
PsychiatryPsychiatry,, 4646, 587^599., 587^599.

DiLalla, E. F. & Gottesman, I. I. (1989)DiLalla, E. F. & Gottesman, I. I. (1989) HeterogeneityHeterogeneity
of causes for delinquency and criminality.of causes for delinquency and criminality. DevelopmentDevelopment
and Psychopathologyand Psychopathology,, 11, 339^349., 339^349.

First, M. B., Spitzer, R. L., Gibbon, M.,First, M. B., Spitzer, R. L., Gibbon, M., et alet al (1997)(1997)
Users Guide for the Structured Clinical Interview forUsers Guide for the Structured Clinical Interview for
DSM^IVAxis II Personality Disorders (SCID^II).DSM^IVAxis II Personality Disorders (SCID^II).
American Psychiatric Press.American Psychiatric Press.

Halperin, J. M., Sharma,V., Siever, L. J.,Halperin, J. M., Sharma,V., Siever, L. J., et alet al (1994)(1994)
Serotonergic function in aggressive and nonaggressiveSerotonergic function in aggressive and nonaggressive
boys with attention deficit hyperactivity disorder.boys with attention deficit hyperactivity disorder.
American Journal of PsychiatryAmerican Journal of Psychiatry,, 151151, 243^248., 243^248.

Halperin, J. M.,Newcorn, J.H., Schwartz, S.T.,Halperin, J.M.,Newcorn, J.H., Schwartz, S.T., et alet al
(1997)(1997) Age-related changes in the association betweenAge-related changes in the association between

serotonergic function and aggression in boys withserotonergic function and aggression in boys with
ADHD.ADHD. Biological PsychiatryBiological Psychiatry,, 4141, 682^689., 682^689.

Halperin, J. M., Schulz, K. P., McKay, K. E.,Halperin, J. M., Schulz, K. P., McKay, K. E., et alet al
(2003)(2003) Familial correlates of central serotonergicFamilial correlates of central serotonergic
function in children with disruptive behavior disorders.function in children with disruptive behavior disorders.
Psychiatry ResearchPsychiatry Research,, 119119, 205^216., 205^216.

Higley, J. D.,Thompson,W.W.,Champoux, M.,Higley, J. D.,Thompson,W.W.,Champoux, M., et alet al
(1993)(1993) Paternal and maternal genetic and environmentalPaternal and maternal genetic and environmental
contributions to cerebrospinal fluid monoaminecontributions to cerebrospinal fluid monoamine
metabolites in rhesus monkeys (metabolites in rhesus monkeys (Macaca mulattaMacaca mulatta).).
Archives of General PsychiatryArchives of General Psychiatry,, 5050, 615^623., 615^623.

Higley, J. D., Mehlman, P.T., Higley, S. B.,Higley, J. D., Mehlman, P.T.,Higley, S. B., et alet al
(1996)(1996) Excessive mortality in young free-rangingExcessive mortality in young free-ranging
male nonhuman primates with low cerebrospinal fluidmale nonhuman primates with low cerebrospinal fluid
5-hydroxyindoleacetic acid concentrations.5-hydroxyindoleacetic acid concentrations. Archives ofArchives of
General PsychiatryGeneral Psychiatry,, 5353, 537^543., 537^543.

Johnson, B. A., Brent, D. A.,Connolly, J.,Johnson, B. A., Brent, D. A.,Connolly, J., et alet al (1995)(1995)
Familial aggregation of adolescent personality disorders.Familial aggregation of adolescent personality disorders.
Journal of the American Academy of Child and AdolescentJournal of the American Academy of Child and Adolescent
PsychiatryPsychiatry,, 3434, 798^804., 798^804.

Koda,V.H.,Halperin, J. M., Newcorn, J.H.,Koda,V.H.,Halperin, J. M., Newcorn, J.H., et alet al
(1996)(1996) Gender differences in the prolactin response toGender differences in the prolactin response to
fenfluramine challenge in children with disruptivefenfluramine challenge in children with disruptive
behavior disorders.behavior disorders. Annals of the New York Academy ofAnnals of the New York Academy of
SciencesSciences,, 794794, 369^371., 369^371.

Kruesi, M. J. P., Rapoport, J. L., Hamburger, S. D.,Kruesi, M. J. P., Rapoport, J. L.,Hamburger, S. D.,
et alet al (1990)(1990) Cerebrospinal fluid monoamineCerebrospinal fluid monoamine
metabolites, aggression, and impulsivity in disruptivemetabolites, aggression, and impulsivity in disruptive
behavior disorders of children and adolescents.behavior disorders of children and adolescents. ArchivesArchives
of General Psychiatryof General Psychiatry,, 4747, 419^426., 419^426.

Kruesi, M. J., Hibbs, E. D., Zahn,T. P.,Kruesi, M. J., Hibbs, E. D., Zahn,T. P., et alet al (1992)(1992)
A 2-year prospective follow-up study of children andA 2-year prospective follow-up study of children and
adolescents with disruptive behavior disorders.adolescents with disruptive behavior disorders. ArchivesArchives
of General Psychiatryof General Psychiatry,, 4949, 429^435., 429^435.

Lahey, B. B., Loeber, R., Burke, J. D.,Lahey, B. B., Loeber, R., Burke, J. D., et alet al (2005)(2005)
Predicting future antisocial personality disorder in malesPredicting future antisocial personality disorder in males
from a clinical assessment in childhood.from a clinical assessment in childhood. Journal ofJournal of
Consulting and Clinical PsychologyConsulting and Clinical Psychology,, 7373, 389^399., 389^399.

Loney, J. & Milich, R. (1982)Loney, J. & Milich, R. (1982) Hyperactivity, inattention,Hyperactivity, inattention,
and aggression in clinical practice.and aggression in clinical practice. Advances inAdvances in
Development and Behavioral PediatricsDevelopment and Behavioral Pediatrics,, 33, 113^147.,113^147.

Manuck, S. B., Kaplan, J. R. & Lotrich, F. (2005Manuck, S. B., Kaplan, J. R. & Lotrich, F. (2005aa))
Brain serotonin and aggressive disposition in humansBrain serotonin and aggressive disposition in humans
and nonhuman primates. Inand nonhuman primates. In Biology of AggressionBiology of Aggression
(ed.R. J.Nelson), pp. 65^113.Oxford University Press.(ed.R. J.Nelson), pp. 65^113.Oxford University Press.

Manuck, S. B., Bleil, M. E., Petersen, K. L.,Manuck, S. B., Bleil, M. E., Petersen, K. L., et alet al
(2005(2005bb)) The socio-economic status of communitiesThe socio-economic status of communities
predicts variation in brain serotonergic responsivity.predicts variation in brain serotonergic responsivity.
Psychological MedicinePsychological Medicine,, 3535, 519^528., 519^528.

McBride, P. A.,Tierney,H., DeMeo, M.,McBride, P. A.,Tierney,H., DeMeo, M., et alet al (1990)(1990)
Effects of age and gender on CNS serotonergicEffects of age and gender on CNS serotonergic
responsivity in normal adults.responsivity in normal adults. Biological PsychiatryBiological Psychiatry,, 2727,,
1143^1155.1143^1155.

413413

AUTHOR’S PROOFAUTHOR’S PROOF

JANINE D. FLORYJANINE D. FLORY, PhD,Department of Psychology,Queens College,City University of NewYork;, PhD,Department of Psychology,Queens College,City University of NewYork;
JEFFREYH.NEWCORNJEFFREYH.NEWCORN,MD,Department of Psychiatry,Mount Sinai School of Medicine,NewYork;,MD,Department of Psychiatry,Mount Sinai School of Medicine,NewYork; CARLINCARLIN
MILLERMILLER, PhD,, PhD, SETHHARTYSETHHARTY,MS,Department of Psychology,Queens College,City University of NewYork;,MS,Department of Psychology,Queens College,City University of NewYork;
JEFFREYM.HALPERINJEFFREYM.HALPERIN, PhD,Department of Psychology,Queens College,City University of NewYork and, PhD,Department of Psychology,Queens College,City University of NewYork and
Department of Psychiatry,Mount Sinai School of Medicine,NewYorkDepartment of Psychiatry,Mount Sinai School of Medicine,NewYork

Correspondence:Dr Janine D. Flory,Department of Psychology,Queens College,City UniversityCorrespondence:Dr Janine D. Flory,Department of Psychology,Queens College,City University
of NewYork (CUNY), 65^30 Kissena Boulevard, SB ^318 Flushing,NY11367,USA.Email:of NewYork (CUNY), 65^30 Kissena Boulevard, SB ^318 Flushing,NY11367,USA.Email:
janine.floryjanine.flory@@qc.cuny.eduqc.cuny.edu

(First received 22 June 2006, final revision 1November 2006, accepted 4 January 2007)(First received 22 June 2006, final revision 1November 2006, accepted 4 January 2007)

https://doi.org/10.1192/bjp.bp.106.027847 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.bp.106.027847


FLORY ET ALFLORY ET AL

Mehlman, P.T., Higley, J. D., Faucher, I.,Mehlman, P.T.,Higley, J. D., Faucher, I., et alet al (1994)(1994)
Low CSF 5-HIAA concentrations and severe aggressionLow CSF 5-HIAA concentrations and severe aggression
and impaired impulse control in nonhuman primates.and impaired impulse control in nonhuman primates.
American Journal of PsychiatryAmerican Journal of Psychiatry,, 151151, 1485^1491.,1485^1491.

Miles, D. R. & Carey,G. (1997)Miles, D. R. & Carey,G. (1997) Genetic andGenetic and
environmental architecture of human aggression.environmental architecture of human aggression. JournalJournal
of Personality and Social Psychologyof Personality and Social Psychology,, 7272, 207^217., 207^217.

Moffitt,T. E. (1993)Moffitt,T. E. (1993) Adolescence-limited and life-Adolescence-limited and life-
course-persistent antisocial behavior, a developmentalcourse-persistent antisocial behavior, a developmental
taxonomy.taxonomy. Psychological ReviewPsychological Review,, 100100, 674^701., 674^701.

Nakao, J. & Treas, K. (1994)Nakao, J. & Treas, K. (1994) Updating occupationalUpdating occupational
prestige and socioeconomic scores: how the newprestige and socioeconomic scores: how the new
measures measure up.measures measure up. Sociological MethodologySociological Methodology,, 2424,,
1^72.1^72.

O’Keane,V., Moloney, E.,O’Neill,H.,O’Keane,V., Moloney, E.,O’Neill, H., et alet al (1992)(1992)
Blunted prolactin responses to d-fenfluramine inBlunted prolactin responses to d-fenfluramine in
sociopathy: evidence for subsensitivity of centralsociopathy: evidence for subsensitivity of central
serotonergic function.serotonergic function. British Journal of PsychiatryBritish Journal of Psychiatry,, 160160
643^646.643^646.

Pine, D. S., Coplan, J. D.,Wasserman,G. A.,Pine, D. S.,Coplan, J. D.,Wasserman,G. A., et alet al
(1997)(1997) Neuroendocrine response to fenfluramineNeuroendocrine response to fenfluramine
challenge in boys. Associations with aggressive behaviorchallenge in boys. Associations with aggressive behavior

and adverse rearing.and adverse rearing. Archives of General PsychiatryArchives of General Psychiatry,, 5454,,
839^846.839^846.

Pruessner, J. C., Kirschbaum,C., Meinlschmid,G.,Pruessner, J. C., Kirschbaum,C., Meinlschmid,G.,
et alet al (2003)(2003) Two formulas for computation of the areaTwo formulas for computation of the area
under the curve represent measures of total hormoneunder the curve represent measures of total hormone
concentration versus time-dependent change.concentration versus time-dependent change.
PsychoneuroendocrinologyPsychoneuroendocrinology,, 2828, 916^931., 916^931.

Schulz, K. P,Newcorn, J. H., McKay, K. E.,Schulz, K. P, Newcorn, J.H., McKay, K. E., et alet al
(2001)(2001) Relationship between central serotonergicRelationship between central serotonergic
function and aggression in prepubertal boys: effect offunction and aggression in prepubertal boys: effect of
age and attention-deficit/hyperactivity disorder.age and attention-deficit/hyperactivity disorder.
Psychiatry ResearchPsychiatry Research,, 101101, 1^10., 1^10.

Shaffer, D., Fisher, P., Dulcan, M.,Shaffer, D., Fisher, P., Dulcan, M., et alet al (1996)(1996) TheThe
NIMHDiagnostic Interview Schedule for ChildrenNIMHDiagnostic Interview Schedule for Children
Version 2.3 (DISC^2.3): description, acceptability,Version 2.3 (DISC^2.3): description, acceptability,
prevalence rates, and performance in the MECA study.prevalence rates, and performance in the MECA study.
Journal of the American Academy of Child and AdolescentJournal of the American Academy of Child and Adolescent
PsychiatryPsychiatry,, 3535, 865^877., 865^877.

Shannon,C., Schwandt, M.L., Champoux, M.,Shannon,C., Schwandt, M.L.,Champoux, M., et alet al
(2005)(2005) Maternal absence and stability of individualMaternal absence and stability of individual
differences in CSF 5-HIAA concentrations in rhesusdifferences in CSF 5-HIAA concentrations in rhesus

monkey infants.monkey infants. American Journal of PsychiatryAmerican Journal of Psychiatry,, 162162,,
1658^1664.1658^1664.

Slutske,W. S., Heath, A. C., Dinwiddie, S.H.,Slutske,W. S.,Heath, A. C., Dinwiddie, S.H., et alet al
(1997)(1997) Modeling genetic and environmental influences inModeling genetic and environmental influences in
the etiology of conduct disorder: a study of 2,682 adultthe etiology of conduct disorder: a study of 2,682 adult
twin pairs.twin pairs. Journal of Abnormal PsychologyJournal of Abnormal Psychology,, 106106, 266^279., 266^279.

Soloff, P. H., Meltzer,C. C., Greer, P. J.,Soloff, P.H., Meltzer,C. C.,Greer, P. J., et alet al (2000)(2000)
A fenfluramine-activated FDG-PETstudy of borderlineA fenfluramine-activated FDG-PETstudy of borderline
personality disorder.personality disorder. Biological PsychiatryBiological Psychiatry,, 4747, 540^547., 540^547.

Stoff, D. M., Pasatiempo, A. P.,Yeung, J.,Stoff, D. M., Pasatiempo, A. P.,Yeung, J., et alet al
(1992)(1992) Neuroendocrine responses to challenge withNeuroendocrine responses to challenge with
dl-fenfluramine and aggression in disruptive behaviordl-fenfluramine and aggression in disruptive behavior
disorders of children and adolescents.disorders of children and adolescents. PsychiatryPsychiatry
ResearchResearch,, 4343, 263^276., 263^276.

Yang,Y., Raine, A., Lencz,T.,Yang,Y., Raine, A., Lencz,T., et alet al (2005)(2005) PrefrontalPrefrontal
white matter in pathological liars.white matter in pathological liars. British Journal ofBritish Journal of
PsychiatryPsychiatry,, 187187, 320^325., 320^325.

Yatham, L.N. & Steiner, M. (1993)Yatham, L.N. & Steiner, M. (1993) NeuroendocrineNeuroendocrine
probes of serotonergic function: a critical review.probes of serotonergic function: a critical review. LifeLife
SciencesSciences,, 5353, 447^463., 447^463.

414414

AUTHOR’S PROOFAUTHOR’S PROOF

https://doi.org/10.1192/bjp.bp.106.027847 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.bp.106.027847

