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Abstract

Gender Differences in the Neuropsychology 

of Childhood Aggression

by

Vivian Huhn Koda

Adviser: Jeffrey M. Halperin

The goal o f this dissertation was to  examine gender differences in cognitive, 

neuropsychological, behavioral and biological correlates of aggressive behavior in 

prepubertal children. Girls and boys between seven and ten years o f age, exhibiting 

aggressive or disruptive behaviors, participated in this research. An aggression rating was 

determined based upon parent ratings of aggression on the Child Behavior Checklist 

(CBCL/4-18) (Achenbach, 1991). Children were designated as aggressive if CBCL 

Aggression scores were £ 70; scores £ 69 resulted in nonaggressive group placement. 

Two groups o f girls (12 aggressive and 12 nonaggressive) and two equal-sized groups of 

boys were matched for age and the CBCL Aggression scale score.

Cognitive assessment revealed that aggressive girls had significantly higher Verbal 

IQ (VIQ) scores than aggressive boys. Relative to their non-aggressive counterparts, 

aggressive girls had higher VIQ scores, but aggressive boys had lower VIQ scores. 

Aggressive girls academically outperformed all other groups of children. A Continuous 

Performance Test revealed significantly lower impulsivity among girls compared to boys. 

Thus, normal intelligence, academic competence and stronger behavioral control 

differentiated aggressive girls from impulsive, cognitively impaired aggressive boys.
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History o f psychopathology in first and second degree relatives showed a greater 

prevalence o f Internalizing difficulties in families o f boys than girls. Although just short o f 

significance, a greater incidence o f antisocial behavior was found in fathers of aggressive 

boys compared to fathers o f aggressive girls.

Demographic data revealed a greater prevalence of family adversity among 

aggressive boys as compared to all other groups. Aggressive boys were most often reared 

in single parent homes, with more children per household, and had parents with the lowest 

levels o f education. In contrast, aggressive girls were most often from dual-parent homes, 

with fewer children per household, and had parents with the highest education levels.

There were no differences on neurobiological measures as a function of aggression 

or gender.

The findings of this research are consistent with an extensive literature indicating 

that aggressive boys are characterized by physical aggression, cognitive difficulties, and a 

wide array of psychosocial liabilities. However, this pattern does not hold up in the 

clinically referred aggressive girls in this study.
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Introduction

An extensive literature indicates that aggressive children are differentiated from 

nonaggressive children by several factors including the presence of cognitive deficits and 

psychosocial adversity, high incidence of psychopathology in family members, and possible 

deficits in central serotonergic function. However, this literature is based nearly 

exclusively on research conducted with male samples, while the phenomenology and 

correlates o f aggression in females have not been systematically studied. Although some 

substrates o f aggression may be similar across genders, differences in the manifestation of 

aggression suggest contradistinctions in underlying mechanisms. This study assessed 

cognitive, family, psychosocial and neurobiological distinctions in clinic referred 

prepubertal girls and boys as a function o f the presence or absence of aggressive behavior. 

It was hypothesized that:

1. As compared to aggressive boys, aggressive girls would be significantly less 

impulsive, as measured by neuropsychological testing, and have fewer, if any, 

verbal deficits;

2. As compared to non-aggressive children, as well as aggressive boys, aggressive 

girls would have an increased incidence of aggressive/antisocial behavior in their 

first and second degree relatives;

3. Adverse home/family environmental factors will be more frequent among 

aggressive boys as compared to aggressive girls and nonaggressive girls and boys;

4. Aggressive girls would have a greater FEN-induced PRL response than aggressive 

boys, reflecting gender-related differences in serotonergic responsivity.
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Phenomenon of Aggression in Young Females

Aggression in females, that is, the commission o f an act with the intent to inflict 

harm on another person, is not typically physical in manifestation as it is in males. Rather, 

females more frequently enlist indirect means to accomplish a harmful outcome. The 

subversive and covert behaviors presumed to be more stereo typically female are not 

readily accessible to observational investigation and, therefore, by their nature, are likely 

to be under-represented in identified samples. Furthermore, in view o f the differences in 

female and male aggression, it is possible that this maladaptive behavior pattern is 

associated with distinct psychiatric disorders in the two genders, and with different 

underlying mechanisms and outcome. To properly assess gender differences in 

aggression, it is incumbent upon researchers to more thoroughly investigate and describe 

female aggression.

The differences between male and female aggressive behaviors have been broadly 

dichotomized into direct versus indirect modes o f aggression ever since these categories 

were initially proposed by Buss (1961). Direct aggression is typically confrontational in 

nature and often involves physical contact. In contrast, indirect aggression has been 

described as social manipulation in which the aggressor manipulates others and is thus able 

to avoid retaliation. Indirect aggression often involves using manipulations such as gossip, 

becoming friends with another as revenge, or telling the other one’s secrets to a third 

person. Whereas direct aggression is commonly seen in boys, indirect aggression is far 

more typical o f girls (Lagerspetz, Bjorkqvist, & Peltonen, 1988; Bjorkqvist, Lagerspetz, & 

Kaukiainen, 1992; Lagerspetz & Bjorkqvist, 1992). These studies demonstrated that
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indirect aggression in girls emerges in adolescence and remains the predominant mode of 

aggression throughout the late teenage years. As stated by Hood (1996), girl’s aggression 

derives from hurtful intentions to damage the target psychologically and socially in that 

most important social setting o f adolescence, the peer group. Using different terminology, 

other studies have characterized girls’ aggression as predominantly covert (Cairns, Perrin 

& Cairns, 1985; Loeber & Schmaling, 1985), or instrumental (i.e., aggression that is 

intended to gain a reward or advantage for the aggressor) as opposed to overt or hostile 

(i.e., inflicting pain or injury without an apparent benefit or advantage for the aggressor) 

(Feshbach, 1970; Hartup, 1974). Overt, direct physical aggression is not considered to be 

typical o f female aggressive behavior.

One form of indirect aggression, relational aggression, has been hypothesized to 

be typical o f girls (Crick and Grotpeter, 1995). According to Crick and Grotpeter (1995), 

girls are more likely to harm peers through purposeful manipulation and damage of their 

peer relationships, whereas boys are more likely to harm peers through overt aggression, 

that is, harming others through physical aggression, verbal threats, or intimidation. They 

found that girls were significantly more relationally aggressive than were boys, and 

suggested that the higher use of relational aggression among girls is to hinder the 

generation or maintenance of close, intimate connections with others, goals that are 

particularly important to girls. They also suggested that the degree o f aggressiveness 

exhibited by girls has been underestimated because the forms o f aggression relevant to 

girls’ peer groups have not been assessed.

The reported lower prevalence and severity of female aggression has often been
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attributed to early differential socialization (Bandura, 1965; Eagley & Steffen, 1986; Perry 

& Bussey, 1979). Presumably, girls learn not to display physical aggression because it is 

considered to be an unacceptable behavior, while boys learn that male aggressiveness is 

appropriate and, in many circumstances, expected. A study of normative beliefs about 

aggression in school-age children revealed that boys’ approval o f aggression was 

significantly higher than girls, but that children’s aggression approval scores did not 

consistently relate to their actual aggressive behavior as measured by self-report, teacher 

ratings and peer nominations (Huesmann, Guerra, Miller, & Zelli, 1991). It was thought 

that the lack o f relationship between girls’ aggression approval scores and aggressive 

behavior may have been due to a floor effect, with low scores on both measures.

Huesmann and colleagues (1991) suggested that while gender differences in normative 

beliefs about aggression emerge at an early age, they are o f limited value in explaining 

early gender differences in aggressive behavior. Crick and Dodge (1994) proposed that 

the less common overtly aggressive girls and relationally aggressive boys may be more at 

risk for social-psychological maladjustment than relationally aggressive girls and overtly 

aggressive boys because of the non-normative nature o f their behavior. Children who 

engaged in these atypical forms of aggression were shown to be significantly more 

maladjusted than children who engaged in gender normative forms o f aggression and 

children who were nonaggressive (Crick, 1997).

The presence of aggressive behavior has frequently been associated with the 

Disruptive Behavior Disorders (DBDs) o f childhood, and particularly with Oppositional- 

Defiant Disorder (ODD) and Conduct Disorder (CD). (A list o f terms used throughout
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this study is presented in Appendix A). Several studies have examined the representation 

of girls in the DBDs. Prevalence rates, as reported in the Diagnostic and Statistical 

M anual o f M ental D isorders (DSM-IV; American Psychiatric Association, 1994), 

indicate that ODD occurs in 2% - 16% o f school- age children. According to DSM-IV, 

ODD is more prevalent in males than in females before puberty, but rates are similar after 

puberty. A somewhat different picture is presented by an epidemiological study in which 

ODD is reported to have virtually the same prevalence and age pattern in girls and boys 

(Cohen et al. 1993). This investigation found low levels o f ODD among 10- and 11-year- 

olds, rising to high levels among 13-16-year-olds and a sharp fall off in prevalence 

thereafter (Cohen, et al., 1993).

Gender differences also characterize CD, with male and female prevalence rates 

ranging from 6% - 16% and 2% - 9%, respectively (APA, 1994). Epidemiological studies 

have found differences in prevalence rates o f CD, with some reporting much higher rates 

of CD in boys than girls (Anderson, Williams, McGee & Silva, 1987; Oflford, et al., 1987), 

and others finding roughly equivalent rates (Kashani et al., 1987; Leslie, S., 1974). Cohen 

et al. (1993) suggest that reporting age-specific prevalence rates partially reconciles these 

differences. They report overall CD to be twice as prevalent in boys than in girls, but 

boy’s prevalence was highest in the youngest group (10 - 13), declining over ages 10 - 20, 

in contrast to girls who showed an increase in prevalence to a peak age o f 16, followed by 

a sharp decline.

Further complexity in the identification and characterization o f aggression in girls 

occurs as a result o f differences between clinic and nonreferred populations. Clinic
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populations have been shown to be more impaired, more likely to have comorbid 

disorders, and less likely to include prepubertal girls (Goodman, Lahey, Fielding, Dulcan, 

Narrow, & Regier, 1997). Further, gender differences reported in clinic settings may 

reflect a moderating effect o f the referral source. A recent study o f gender differences in 

children and adults with ADHD reported that there was a trend for girls with relatively 

more severe ratings of hyperactivity, conduct disorder, or inattention to be referred earlier 

than were boys (Arcia & Conners, 1998). It may be that referral bias results in over- 

representation of more atypically aggressive girls in clinic samples.

Thus, important questions remain as to whether clinic-referred aggressive girls are 

as impaired as their male counterparts; in what measures are they similar, and in what 

ways are they significantly different. Significant differences in measures would suggest 

gender-differentiated diagnosis and treatment, whereas close similarity would argue for a 

single diagnosis and treatment process which would be appropriate for both sexes. 

Stability of Aggression

An initial consideration in the assessment o f gender differences in children’s 

aggression is at what stage o f development such differences become manifest. Secondly, 

are these gender-differentiated behaviors characterized by stability or change? During the 

decade between 1970 and 1980, a burgeoning interest in aggressive behavior engendered 

numerous studies, and sparked a debate on the etiology of aggression, arguing either 

biological determination or socialization effects.

Early studies (Barrett, 1979; Terman & Tyler, 1954; Whiting & Edwards, 1973) 

and reviews (Hyde, 1984; Maccoby & Jacklin, 1974) o f gender differences in aggression
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generally concluded that in children, as in adolescents and adults, males are more 

aggressive than females. Maccoby and Jacklin (1974), found that aggressive behaviors 

were sex differentiated early in development, before age 6, and probably as early as age 2. 

Since these sex differences were found before socialization pressures differentially 

influenced the expression of aggression between the sexes, they concluded that the 

prevalence o f male over female aggression manifested a biological predisposition for male 

aggressive behavior. Tieger (1980), disputed the hypothesis o f biological causation of 

aggression, stating that gender differences were consistently observable only after the age 

of 5, and that in pre-schoolers, gender differences were smaller and nonsignificant. He 

suggested that gender differences became greater after the age o f 5, as a result of 

cumulative socialization experiences.

Hyde’s (1984) meta-analysis examined gender differences in aggression, with the 

purpose of estimating the magnitude o f gender differences in aggression, that is, the 

amount of variation in the population accounted for by female-male differences. Hyde 

found a modest negative association between age o f subjects and the magnitude o f gender 

differences. In contrast to Tieger’s (1980) findings, gender differences were larger among 

preschoolers than among older subjects. Hyde cautioned, however, that such age-related 

findings were often confounded by the kind of aggression measured. For example, while 

preschoolers are typically measured on physical aggression, studies in college-age subjects 

often measure different constructs o f aggression, such as the willingness to shock another 

individual.

Later studies of aggressive behavior in toddlers did not find gender differences
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until age 4 or 5 (Achenbach, Edelbrock, & Howell, 1987; Rose, Rose & Feldman, 1989), 

nor were gender differences found in toddlers in object-related aggression (Zahn-Waxier, 

Ianotti, Cummings & Denham, 1990). Similarly, a prevalence study of problem behaviors 

in 2 to 3-year-old Dutch children revealed no significant differences due to gender or age 

(Koot & Verhulst, 1991).

It is well established that the development o f abnormally aggressive behavior in 

young boys portends aggressive, delinquent and antisocial behavior which is persistent 

(Olweus, 1979; Loeber, 1982; Magnusson & Bergman, 1988). However, the few 

longitudinal investigations which have assessed gender differences have produced 

inconsistent findings, leaving open the question o f stability in young females. A 

longitudinal study o f children from 8 - 19  years o f age, showed moderately greater 

stability in girls than boys (Eron, Huesmann, Lefkowitz, & Walder, 1972), while others 

have found less stability in girls (Olweus, 1981; Huesmann, Eron, Lefkowitz, & Walder, 

1984) or, stability in boys only (Roff & Wirt, 1984). Gender differences in the stability of 

aggression among young children will be considered in the following section.

Toddlers. Problem behaviors of 1 Vz- to 2-year old girls and boys interacting in 

play groups were observed and coded, as were the reactions o f their peers and care givers 

(Fagot, 1984). Aggressive behavior (hitting, taking objects, verbal assaults) in boys 

showed high stability over a one-year period ( r  = .78, p  <001), while girl’s aggression 

was far less stable ( r  = .23, p  <05). The two-year assessment showed boy’s continued 

stability, while girls’ scores were no longer significant The pattern o f reactions that 

children received from peers and care givers was consistent with the stability o f the
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problem behaviors: Boy’s aggression received a response 81% o f the time, while girls 

received responses to their aggressive acts only 24% of the time. Thus, behaviors that 

received attention were maintained (boy’s aggression), while those which were ignored 

(girl’s aggression) tended to drop out. Another assessment o f toddlers in a daycare setting 

(Crother, Bond & R olf 1981) revealed a greater frequency of externalizing behavior in 

boys than girls, and a different developmental pattern. Boys’ initiation o f fights increased 

from age 2 to 4, and then decreased at age 5; in girls, initiating fights steadily decreased in 

frequency from age 2 through 5.

Keenan and Shaw (1994) found stability o f aggression in children 18 to 24 months 

o f age, assessed during play segments o f varying levels o f stress, from none (free-play), to 

m ild  (cleaning up toys), to high (taking toys away or being left with another caretaker). 

Global ratings for girls were moderately stable, and for boys were significant. Moderate 

short-term stability was found, particularly for unprovoked aggression occurring in low or 

mildly stressful situations. Aggression during high-stress situations (provoked) at 18 

months was not significantly correlated with later aggression. Thus, correlations from 18 

to 24 months of age were very strong for the toddlers who demonstrated pervasive 

aggression at 18 months. Another perspective may be that “provoked” aggression, in this 

study, represents a developmentally normal frustration response for an under-2-year-old 

child, whereas “unprovoked” represents a more trait-like, irritable/aggressive style of 

responding.

Children & Adolescents. Several longitudinal studies have recruited children of 

grade school age who were then evaluated at 3-to-4-year intervals, spanning pre- and
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post-pubertal development. A Finnish study (Pitkanen-Pulkkinen, 1981; Pulkkinen,

1987), found that peer nominated aggressiveness, first measured at age 8 and re-examined 

at 14 years of age, was as stable for girls as for boys ( r = 0.37 for both sexes). Self- 

ratings o f aggression at the age of 26, were correlated with the early peer-nominated 

aggression ratings at age 8, with the correlation o f stability being higher for females than 

males.

Teacher and self-rated aggression in a group o f children examined in the 4th grade 

and re-assessed a year later in 5th grade, found short-term stability o f aggression to be the 

same for highly aggressive girls and boys (Cairns & Caims, 1984). However, a later 

examination of this cohort showed that while the stability of girl’s aggressiveness from the 

4th to the 8th grade was as high as the boy’s, in the 9th grade girl’s aggressiveness was 

correlated less highly with early aggressiveness than the boy’s.

School age children (grades 1,4, and 7) were recruited for assessment of 

aggressive and antisocial behaviors and social withdrawal through the Concordia 

Longitudinal Risk Project (Schwartzman, Ledingham, & Serbin, 1985). Separate equal­

sized samples of girls and boys were assessed every three years (Serbin, Schwartzman, 

Moskowitz, & Ledingham, 1991). Early patterns o f aggression were found to be stable at 

the third-year follow up (Moskowitz, Schwartzman & Ledingham, 1985), and 6 years 

after initial identification, at which time gender differences were emerging (Moskowitz & 

Schwartzman, 1989). While the adolescent aggressive group had the most psychiatric and 

nonpsychiatric medical problems overall, the aggressive females were receiving more 

medical treatment than the other groups o f adolescent girls and more than the adolescent
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aggressive males. Data gathered in the oldest cohort, in their late teens to middle twenties, 

revealed striking sex differences in criminal behavior (Moskowitz, Crawley, & 

Schwartzman, 1989). Aggressive males were far more likely to commit (or at least be 

caught committing) a criminal offense than the aggressive females (45.5% and 3.8% 

respectively).

Relatively little is known about the predictors o f antisocial and aggressive 

behavior in girls. However, the little that is known suggests that the presence of 

childhood behavioral disorders is associated with poor outcome in girls as well as boys 

(Robins & Price, 1991). Girls with a history of CD are at greater risk for substance abuse, 

and an increased rate o f psychiatric disorders as adults, greater than that seen in males. 

Further, exhibiting conduct problems before age 15, predicted only externalizing diagnoses 

in men, while in women, early conduct problems also predicted internalizing diagnoses o f 

depressive, somatization and anxiety disorders.

Overall, longitudinal studies provide evidence of gender similarities in the stability 

of aggression between girls and boys from toddlers through late childhood. Adolescents 

showed equal stability o f aggression for girls and boys to age 16, at which time 

correlations with early aggression decreased and psychiatric problems emerged for girls. 

The profile that develops from prevalence, stability and outcome measures of aggressive 

behavior is one of greater gender similarity in childhood, followed by profound post- 

pubertal sex-differentiated changes.

Cognitive Factors

Associations between deficits in cognitive functioning and antisocial behavior have
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been shown in epidemiological and clinical samples. Low IQ in adolescents has been 

associated with antisocial behavior (Berger, Yule, & Rutter, 1975; Kandel et al., 1988; 

Lynam, Moffitt & Stouthamer-Loeber, 1993; White, Moffitt, & Silva, 1989) and 

aggression (Huesmann, Eron, Lefkowitz, & Walder, 1984; Kellam, Branch, Agrawai, & 

Ensminger, 1975). Huesmann et al., (1984) investigated the relative correlation of the 

stability of IQ to the stability o f aggression in a 22-year longitudinal study. A moderate 

negative correlation between IQ and aggression at 8 years of age was shown in girls and 

boys ( r = - 0.32, r = - 0.27, respectively). The relation o f early to later aggression was 

independent o f the IQ/aggression correlation at age 8, which suggested to Huesmann and 

colleagues that the effect of IQ on aggression has taken place before age 8, and that 

subsequent changes in aggressive behavior are not affected by IQ.

Proponents o f causal hypotheses o f the relationship between deficits in cognitive 

functioning and antisocial behavior, have suggested that conduct problems in the 

classroom impede the child’s ability to learn, or, alternatively, that cognitive difficulties 

propel the child toward behavior disorder, largely in response to academic failure and poor 

coping skills. CD occurring subsequent to academic difficulties would be consistent with 

theories espoused by Hirschi and Hindelang (1979), and Buikhuisen (1987), that learning 

deficits produce antisocial behavior through the experience o f school failure. Robins 

(1991) has suggested that both CD and school failure may have their origins in poor 

cognitive functioning. Alternatively, cognitive deficits and antisocial, aggressive behaviors 

may be linked to yet a third variable.

As in other correlates o f antisocial behavior, few studies o f cognitive and
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neuropsychological differences include an adequate number o f girls for separate 

assessment and comparison. The Dunedin, New Zealand, longitudinal investigation of 

health, development and behavior, did address gender issues and found that 

neuropsychological deficits were associated with delinquency in a cohort o f 13 year old 

girls and boys in (Moffitt & Silva, 1988). Although deficits were found in verbal skills, 

visuospatial-motor integration, and auditory verbal memory, there were no gender 

differences found in IQ or any other cognitive measures. The failure to  find an interaction 

between gender and delinquency in relation to neuropsychological measures is consistent 

with previous studies that have examined gender differences (Andrew, 1982; Brickman, 

McManus, Grapentine, & Alessi, 1984). No evidence was found for a delinquency- 

related deficit in executive function, which, Moffitt and Silva (1988) suggested, may have 

reflected use of measures that lacked specificity for frontal lobe function. Conduct 

disorder and frontal lobe impairment have been attributed to a disinhibition deficit 

associated with frontal lobe functions.

A study comparing conduct disordered male adolescents with matched controls 

revealed that CD boys performed more poorly on measures sensitive to frontal lobe 

dysfunction (conceptual perseveration, poorly sustained attention, and impaired 

sequencing on memory and motor tasks), but not on other cognitive measures specified as 

non-frontal (Lueger & Gill, 1990). Frontal lobe function has been hypothesized to be a 

neurobiological correlate o f hyperactive and aggressive behaviors associated with 

Attention Deficit Hyperactivity Disorder (ADHD), and violence in adults (Mattes, 1980; 

Raine & Buchsbaum, 1996). There have been no similar studies in females.
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Later studies conducted exclusively in boys further assessed executive functioning 

in relation to aggressive behaviors. Deficits in verbal problem solving and reasoning were 

found in a sample of antisocial adolescents (Moffitt, 1993) and deficits in executive 

function were found in a study o f delinquency (Moffitt, 1990). Another study conducted 

with adolescent boys demonstrated that tests o f executive function had the strongest 

association with physically aggressive behavior, over and above tests o f verbal learning, 

cerebral dominance, and incidental spatial learning (Seguin, Pihl, Harden, Tremblay, & 

Boulerice, 1995).

The association between reading disability (RD) and behavior problems has been 

well examined (McGee, Share, Moffitt, Williams, & Silva, 1988; Rutter & Yule, 1970; 

Cantwell & Baker, 1991), although a consensus as to temporal or causal relationship has 

not been established. As in the argument surrounding CD and cognitive difficulties, some 

would suggest that behavior problems precede and lead to RD by interfering with the 

learning process, or that RDs lead to the experience o f failure and thus foment behavioral 

difficulties, or, thirdly, that there are other variables common to both factors (Rutter & 

Yule, 1970). Bnick (1989) suggested that the strength of the association between RD and 

behavior problems was mediated by gender. A study o f children’s reading and behavior 

problems, while not supporting a causal relationship between the two disabilities, revealed 

that children experiencing both difficulties had the worst outcome, suggesting that 

behavior problems may exacerbate reading delay (Smart, Sanson, & Prior, 1996). Sex 

differences were noted in this study, with two-thirds o f boys having comorbid RD and
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behavior problems, while two-thirds o f RD girls had no behavior problems, suggesting 

gender-specificity in the pathways leading to  RD.

The investigation o f cognitive and neuropsychological deficits associated with 

antisocial and aggressive behaviors is made somewhat more complex when assessment 

includes children and adolescents with comorbid ADHD. Moffitt (1990) found that 

delinquent boys with comorbid ADD had significantly lower mean Verbal IQ scores and 

more neuropsychological deficits, including deficits in executive function, than delinquents 

without comorbid ADD. Carlson, Tamm, & Gaub, 1997), examined gender differences in 

children with ADHD, ODD, and co-occurring ADHD/ODD (ADHD-C). Ratings o f 

aggression were higher in boys than in girls in the ADHD-C and ODD groups. Girls with 

ODD alone were rated as more appropriate and less attentive, but more socially impaired 

than boys with ODD.

Inattention and hyperactivity in childhood are said to be stronger correlates o f 

academic problems than aggression, however, by adolescence, antisocial behavior and 

delinquency are associated with underachievement (Hinshaw, 1992). Aggression and 

frequent school absences are significant predictors of early school withdrawal (Kupersmidt 

& Coie, 1990), and the presence of aggressive behavior in combination with poor 

academic achievement is highly predictive o f school dropout in both sexes (Cairns, Caims, 

& Neckerman, 1989). 47% of girls and 82% of boys who were identified as having high 

levels of aggression and poor academic performance in seventh grade, dropped out o f 

school before completing 11th grade. The early dropout rate for those students with the 

combination o f high aggression and low academic performance ranged between 45% and
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71%, whereas the rate for nonaggressive and academically competent students ranged 

between 1% and 8%.

Cognitive abilities, both verbal and spatial, have been shown, through family, twin 

and adoption studies, to be one o f the most heritable domains o f behavior (Plomin &

Craig, 1997). Twin and adoption studies have also shown as much genetic influence on 

school achievement as on cognitive abilities. Reading disability, one o f the most prevalent 

specific cognitive disabilities, has also been shown to run in families, and convergent 

study findings  suggest that reading deficits are substantially due to genetic factors. The 

complex associations between aggression, cognitive functioning, and academic 

competence may have quite different family and environmental antecedents when viewed 

from a gender perspective.

Family Psychopathology

Findings of an increased incidence o f aggressive or antisocial behavior among 

relatives of aggressive children support a role for familial transmission in the development 

of childhood aggression. High rates o f aggressive behavior, antisocial personality disorder 

and sociopathy have been documented among first degree relatives o f conduct disordered 

and aggressive children relative to non-aggressive children (Biederman et al., 1987; 

Faraone, Biederman, Keenan, & Tsuang, 1991; Frick et al.,1992). It is also important in 

considering family influences to note that stability o f aggressive and antisocial behaviors 

within families has been well established across generations (Eron & Huesmann, 1990).

Heredity-environment analyses allow assessment o f the relative contributions o f 

genes and environment to aggressive behavior. Twin and adoption studies provide the
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research vehicle for separating genetic and environmental variance o f aggressive and 

antisocial behavior. An underlying assumption in twin studies is that genetic influences 

are more highly correlated in identical (monozygotic - MZ) twins, than in fraternal 

(dizygotic - DZ) twins. Adoption studies, in which the adoptee lives away from biological 

relatives, provide an opportunity to examine both the effects of family environment and 

heritable effects attributed to biological relatives with whom the adoptee has had little or 

no contact. Studies have variously demonstrated greater genetic influences (Cadoret, 

Yates, Troughton, Woodworth & Stewart, 1995; Eaves, et al., 1997), while others have 

shown greater influences o f family environment (DiLalla & Gottesman, 1989; Rutter, et 

al., 1990). The question o f age-related gender differences o f heritable or experiential 

influences has been addressed in several studies.

Twin/Adontion Studies. Studies of problem behaviors in samples of pre-school- 

age twins, though few in number, have consistently shown greater shared environmental 

influences, as compared to genetic influences, which are not gender-differentiated 

(Loehlin, 1992; Van den Oord, Verhulst, & Boomsma, 1996; Schmitz, Cherny, Fulker & 

Mrazek, 1994). This is consistent with other observations that juvenile symptoms o f 

Antisocial Personality Disorder are influenced by shared environmental factors, whereas 

genetic influences may be stronger in later-onset symptomatology (Lyons et al., 1995).

Among older children and adolescents (8 -1 6  years o f age), shared environmental 

influences have been found to  be significant only for ODD, whereas marked genetic 

influences were shown for CD (Eaves et al., 1997). Overall, there was no evidence in this 

sample that different genetic or environmental factors affect girls and boys, although

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

Eaves and colleagues suggest that the relative contribution o f genes and environment may 

differ significantly between the sexes. In support o f this hypothesis, an adoption study in 

10 to 15-year olds in the Netherlands, found genetic influences in aggressive behaviors 

which were gender-differentiated: genetic influences were greater for boys and shared 

environmental influences were greater in girls (Van den Oord, Boomsma & Verhulst,

1994).

Studies o f child and adolescent disruptive and aggressive behaviors conducted 

retrospectively in adult twins have found substantial genetic contribution to the liability for 

developing CD (Slutske et al., 1997). The magnitude o f additive genetic influences (each 

of many genes contributing to the expression o f the behavioral trait) was equal in women 

and men. Shared environmental influences were important only in women. Although the 

overall effect o f the shared environment in this investigation was not significant, the effect 

o f the era in which the individual grew up significantly contributed to the variation in the 

liability to develop CD, possibly reflecting sociocultural changes which lead to increased 

risk for antisocial behaviors in youth. One could speculate that the effects o f sociocultural 

change may subtly increase girl’s risk of CD more than boy’s. For example, increased 

participation by females in activities, work and social situations which were once 

exclusively populated by males have removed constraints on female conduct which 

previously may have directly and/or indirectly protected girls from high risk situations.

Sex differences in the heritability o f criminality and alcoholism were evaluated in 

the Stockholm Adoption Study (Sigvardsson, Cloninger, Bohman, & von Knorring,

1982). The genetic influence for criminality was found to be significant and qualitatively
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the same in males and females. Petty criminality (without alcohol abuse) was more 

common in adopted men than in adopted women (4.5% v 1.8%). However, the risk of 

petty criminality in the biologic parents of criminal women was significant (50% v 21%), 

and was more than double that o f their male counterparts. Thus, the genetic 

predisposition to criminality was usually more severe in affected women than men. That 

is, the threshold in liability for development of criminality was higher in women than in 

men in reference to antisocial personality disorder.

Heritability of irritable impulsiveness was studied in twins reared together and 

apart (Coccaro, Bergeman, & McCleam, 1993), utilizing data gathered for the Swedish 

Adoption/Twin Study o f Aging (SATSA), (Bergeman, Plomin, McCleam, Pedersen, & 

Friberg, 1988; Pedersen, Plomin, McCleam, & Friberg, 1988; Plomin, Pedersen,

McCleam, Nesselroade, & Bergeman, 1988). Results revealed a significant genetic 

component, but not a shared environmental influence, for both “lack of 

assertiveness/aggression” and “impulsive irritability.” There was no significant influence 

of shared rearing environment nor significant effects of age, gender, or age-by-gender 

interaction for either construct.

Family history was assessed to discern possible gender-differentiated relationships 

between psychopathology in first and second degree relatives and aggressive behaviors in 

prepubertal children. Several twin and adoption studies have shown genetic influence on 

aggressive behavior in children o f antisocial parents to be small or insignificant (Cadoret & 

Stewart, 1991; Loehlin, 1992; Schmitz, Chemy, Fulker & Mrazek, 1994). Another twin 

study finding important genetic influences in problem behaviors in toddlers, found no
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significant gender differences in aggression ratings (Van den Oord, Verhulst, & 

Boomssma, 1996). The absence o f findings o f gender differences is consistent with 

Loehlin’s (1992) meta-analysis o f twin studies in toddlers. Among older children and 

adolescents, however, preliminary analyses from a twin study o f genetics and 

developmental psychopathology in 8- to 16-year-olds have provided estimates of 

heritability o f greater than 50% (Eaves et al., 1997).

Although findings in twin and adoption studies depict genetic influences as 

predominant in the transmission o f aggressive and antisocial behaviors, heritability cannot 

account for all o f the variance and thus provides the strongest evidence in support of 

environmental influences. An association between an array o f family factors and 

aggressive and antisocial behaviors in children has been demonstrated in the literature. 

Family Adversity

Specific variables o f the family (home) environment as a predictor of children’s 

antisocial behaviors (e.g. parental psychopathology, substance abuse/alcoholism, marital 

discord, separation/divorce and economic hardship) have been examined in adoption 

studies comparing biological and adoptive backgrounds. Though relatively few 

twin/adoption studies have specifically examined gender differences in aggressive and 

antisocial behaviors, vis-a-vis these influences, an increasing number of studies have begun 

to provide convergent information elucidating these issues.

A genetic predisposition to antisocial behavior was demonstrated in adoptees, 10 

years o f age to adult, (Cadoret & Cain, 1980) and significant sex differences were found in 

the environmental predictor variables. Males were more vulnerable than females to the
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adverse environmental effects o f psychiatric conditions in adoptive parents or siblings, or 

divorce in adoptive parents. The adverse environmental variable was a nonsignificant 

negative predictor in females, which was suggested to be indicative of a higher threshold 

for environmental stress in females. Both sexes appeared equally vulnerable to the effects 

o f long-term institutional care. Cadoret and Cain (1980) suggest that long-term care, as a 

form of discontinuous mothering in which adoptees fail to form any attachment, may 

predispose males to more antisocial behaviors. In females, however, the long-term effect 

could manifest differently, at a later age, such as in mothering skills. Although there was 

no significant interaction o f sex-by-biologic predictors in the total sample, when the 

sample was divided by sex, the genetic influence on antisocial behavior was greater in 

females than in males. Having an antisocial I"* or 2nd degree relative was a significant 

biological predictor in females only. The one significant genetic predictor in males was 

having an alcoholic 1st or 2nd degree relative. Thus, males were vulnerable to adverse 

environmental conditions, and were biologically predisposed to antisocial behavior by 

alcoholism in a relative. On the other hand, females antisocial behavior had a greater 

genetic component and no significant environmental influence.

The effect of adverse adoptive home environment on male and female adoptees’ 

conduct disorder, adult antisocial behavior, and aggressivity was investigated in adults 

between 18 and 47 years o f age (Cadoret, Yates, Troughton, Woodworth, & Stewart,

1995). Adverse home environment was assessed by: marital problems or 

separation/divorce/ in adoptive parents; alcohol or other drug abuse and/or dependence in 

a parent; depression or anxiety condition in a parent; and other psychopathologic
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condition in a parent (e.g. conduct disorder and somatization). An adverse home 

environment independently predicted increased adult antisocial behaviors. Adverse home 

environment increased aggressivity and CD in adoptees in the presence o£ but not in the 

absence o f genetic predisposition. There were no significant gender differences in genetic, 

environmental or genetic-environmental interaction effects. It is suggested that antisocial 

personality disorder interacts with the adverse adoptive home environment to increase 

aggressivity and CD in adoptees.

In this overview, genetic influences were found to be greater than environmental 

influences in the etiology o f antisocial behavior in both females and males. Gender 

differences were not found to be significant in preschoolers. However, as this is an under- 

investigated age group, opportunities for comparisons are limited. The magnitude of 

genetic influences on antisocial behavior did not vary significantly between females and 

males in 6 o f 8 studies reviewed. Gender differences in environmental influences reflected 

a vulnerability o f males to adoptive family stressors which was not seen in females, 

suggesting a higher threshold in women to environmental risk. Risk of criminality in the 

biologic parents o f criminal women was shown to be more than double that o f males, 

suggesting that the threshold of genetic risk for development o f criminal behavior is higher 

in women than in men. Lastly, it was demonstrated that adverse home environment 

increased CD only with concomitant genetic predisposition.

Serotonin Function

The role o f the serotonin system in the development and expression o f aggression 

has been extensively investigated and is well supported in both animal and human
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literature. This literature has consistently indicated that low serotonergic function is 

associated with increased levels o f aggressive behavior (Coccaro et al., 1989; Higley, 

Mehlman, Poland, Taub, Vicker, et al., 1996; Kruesi et al., 1990; Linnoila, Virkkunen, 

Scheinen, Nuutila, Rimon & Goodwin, 1983). Yet, unitary explanations have generally 

given way to models o f dynamic interrelationships o f biological and environmental factors 

in aggressive behavior. Current investigations o f the neurobiological bases o f aggression 

have proceeded within this context. The following sections provide a brief review of 

serotonin’s role in neural development and an overview o f empirical evidence o f a 

relationship between aggression and serotonergic function.

Serotonin (5-HT) cells are among the earliest cells to develop in the fetal brain. 

Studies in rats show that the time during which development o f the brain occurs is also the 

time at which serotonin levels are highest, turnover is most rapid, and receptors are 

highest in number (Whitaker-Azmitia, Shemer, Caruso, Molino, & Azmitia, 1990). 

Serotonin regulates the development of the 5-HT neuron itself and it has been suggested 

that 5-HT serves as a  developmental regulator for other neuronal types. In the immature 

brain, serotonin astroglial cells regulate brain development by providing a template for 

neurons to grow along, and by producing growth-regulating factors which are released by 

astrocytes through stimulation o f the 5-HT1A receptor (Whitaker-Azmitia et al. 1990). 

Thus, it is proposed that astroglial 5-HT,A receptors are involved in selection o f correct 

synapses and removal o f excess or incorrect ones.

Serotonergic neurons comprise the most expansive neuronal network in the 

mammalian brain (Jacobs, Wilkinson &, Fomal, 1990). The serotonergic system is
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involved in many functions such as the control o f emotional behavior, sleep and 

wakefulness, endocrine function, appetite, body temperature, blood pressure and 

perception of pain (Gothert, 1992). The activity o f the serotonergic neurons is closely tied 

to the sleep-wake-arousal cycle, with highest firing rate during active waking and arousal, 

intermediate level of discharge during quiescent states and slow wave sleep, and virtual 

silence during rapid-eye-movement sleep. Brain serotonergic neurons display a slow, 

highly regular, and frequently clocklike spontaneous activity which may be endogenous, as 

is if driven by an internal pacemaker (Jacobs et al., 1990). Noting that the tonic activity o f 

serotonergic neurons appears to vary in a stereotypical maimer in association with 

behavioral state, and not specifically in association with any process, Jacobs and 

colleagues suggest that the primary role of serotonergic neurons in physiology and 

behavior may be to coordinate the activity of target structures in conjunction with the 

organism’s level of behavioral arousal.

In parallel with their capacity for sensitizing tonic and repetitive motor activities in 

the brainstem and spinal cord, serotonin neurons are thought to dampen somatosensory 

processing throughout the CNS, possibly through concerted actions of noradrenergic and 

serotonergic mechanisms (Baumgarten & Grozdanovic, 1995). It is hypothesized, 

therefore, that serotonin-mediated dampening o f sensory processing and responsiveness 

occurs throughout the CNS and is associated with the serotonin-modulated latency to 

responding (“waiting capacity”). It is further hypothesized that central serotonergic 

function serves to mediate control over irrelevant, distracting or irritating sensory 

stimulation and premature responding, that is, impulsivity.
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5-HT Studies in Aggression

Understanding of the role of serotonin in aggression has been advanced through 

the development o f animal models o f aggressive behavior and experimental differentiation 

of the functional roles of 5-HT receptor subtypes.

Animal Studies - Rodents. An inhibitory role o f serotonin was proposed by 

Soubrie (1986), through experiments demonstrating that impairment o f serotonergic 

transmission in rodents resulted in compromised ability to tolerate a delay before 

responding, that is, reduced latency to respond or premature (impulsive) responding.

A comparison of the effects o f serotonergic drugs on resident-intruder and 

maternal aggression (MA) suggested that these two forms o f aggression in female and 

male rodents share similar neuroanatomical and neurochemical substrates because of the 

similarity in many behavioral effects (Olivier and Mos, 1992). 5-HT agonist drugs 

differentially affecting serotonergic transmission and 5-HT receptor subtypes were found 

to reduce offensive aggression, supporting a general inhibitory role of serotonin for male 

and female aggression in rats. Sex-related discrepancies were seen with the use of 

fluvoxamine, a 5-HT reuptake blocker, in which females showed a dose-dependent 

decrease in aggression while male’s aggression was non-specifically inhibited only at the 

highest dose. The behavioral profiles o f 5-HT1AB and 5-HT1B agonists were the most 

specific in both female and male rodents on the basis of these comparison studies.

Saudou, et al., (1994) investigated intermale aggressiveness of resident 

“knockout” mice (lacking 5-HTm receptors) when exposed to an intruder. The knockout 

mice exhibited markedly intensified and rapid onset aggressive behavior when confronted
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with a wild-type intruder. It was observed that the 5-HT1B knockout mice were not only 

more aggressive, but possibly more impulsive than their heterozygous litter mates or wild- 

type mice.

The resident-intruder paradigm was used to study the effects in female mice of the 

administration o f amiflamine, a selective monoamine oxidase inhibitor of MAO-type A, 

the enzyme that predominantly metabolizes 5-HT (Wallian, Brain, & Haug, 1993). 

Amiflamine (FLA 336) was administered to investigate whether it would reduce 

spontaneous attack by female mice on same sex intruders. When FLA 336 was 

administered to both resident and intruder females or only to the resident female, it acutely 

suppressed aggression, decreasing attacks on the intruder females and increasing attack 

latencies.

Animal Studies - Nonhuman Primate. Findings in several species of monkeys have 

provided evidence for a negative correlation between 5-HT and aggressive behavior, 

consistent with the general inhibitory role for serotonin in aggression as seen in rodents.

A series o f studies in rhesus monkeys examining age, rearing and sex differences in 

the relationship of serotonin and aggression, has contributed significantly to the 

understanding o f aggressive behavior in nonhuman primates (Higley, Suomi, & Linnoila, 

1991; 1992; Higley, Mehlman, Taub, Higley, Suomi, et al., 1992; Higley, King, Hasert, 

Champoux, Suomi, & Linnoila, 1996; Higley, Mehlman, Poland, Taub, Vickers, et al.,

1996). Developmental changes in 5-HT and catecholamine activity were assessed over the 

first two years o f life in female and male rhesus monkeys that had been reared in one of 

two conditions; anxiety producing peer-only groups, or mother-infant dyads (Higley, et
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al., 1991). Animals were studied at 6, 18 and 50 months of age, and each monkey 

underwent a series of four 4-day social separations. Prior to and during the first and 

fourth separations, CSF was assayed for 5-HIAA HVA, and MHPG, the metabolites o f 

serotonin, dopamine, and norepinephrine, respectively. Serotonin was the 

neurotransmitter most affected by age, rearing and sex. There was a significant age- 

related decline across all three ages. Peer-only (PO) reared subjects had higher levels o f 

5-HIAA than the mother-infant dyad reared subjects, but this difference was present in 

males only; PO females seemed relatively unaffected by this rearing condition. PO rearing 

had a similar effect on MHPG concentrations which were elevated in both comparisons. 

Higley et al. (1991) suggest that increased levels o f anxiety and fearfulness seen in PO- 

reared monkeys reflect increased activation of both the serotonin and norepinephrine 

systems. The effects of separation on CSF 5-HIAA and MHPG concentrations were 

consistent with this interpretation. There were initial increases over the baseline for both 

metabolite concentrations. The MHPG concentrations remained increased throughout the 

separations; however, the increases in 5-HIAA concentrations largely returned to baseline 

by the fourth week. Higley and colleagues suggest that the discontinuity in 5-HIAA levels 

could reflect a sensitization mechanism, that is, repeated separations may have produced 

increased levels of despair which may be associated with low levels of 5-HIAA

Similar findings resulted from the chronic administration o f fenfluramine in 4 male 

vervet monkeys which produced dose-related decreases in CSF 5-HIAA and significantly 

increased human-directed aggression and aggression toward a conspecific (Raleigh, 

Brammer, Ritvo, Geller, McGuire, & Yuwiler, 1986). Both the physiological and
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behavioral measures were reversible after termination o f FEN treatment. Raleigh and 

colleagues suggest that the decrease in CSF-5-HIAA is consistent with hyperstimulation 

of postsynaptic receptors, since it had been demonstrated (Peroutka and Snyder, 1980) 

that chronic treatment with drugs which enhance 5-HT neurotransmitter function down 

regulates 5-HT-, receptor sites.

Interindividual stability o f CSF monoamine concentrations was assessed in two 

groups o f female rhesus macaques across time, and between baseline and stressful 

conditions (Higley et al., 1996). The relationship between social dominance ranking and 

5-HT functioning was also examined. Female macaques were placed in groups with one 

or two adult males. An unfamiliar female was added to each group in the fifth week. CSF 

monoamine metabolites, NE, and behavioral data were collected for 6 months, and data 

characterizing spontaneous aggressive behavior were collected for an additional year. 

Stressors o f group placement or addition o f a unfamiliar female resulted in increases o f 

each o f the metabolites above baseline. Across the study, 5-HIAA was most consistently 

elevated above baseline. Interindividual differences in CSF concentrations of the 

monoamine metabolites and NE were highly stable over time, both during baseline and 

stressful conditions. Females with low CSF 5-HIAA exhibited higher rates of 

spontaneous (overt) aggression involving physical fighting, chasing, or lunging. CSF NE 

was also negatively correlated with rates o f aggression. In contrast, competitive 

aggression, elicited encounters used to maintain social dominance ranking, were not 

correlated with either CSF 5-HIAA or NE. Competitive aggression is less severe, 

restrained aggression shown in typical daily encounters between macaques. Females with
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above average CSF 5-HIAA prior to or following group formation were more likely to 

attain and maintain high social dominance ranking than females with below average CSF 

5-HIAA. Thus, CNS monoamine functioning in adult rhesus female macaques was said to 

be trait like, showing a predisposition in the response of 5-HT and the catecholamines. It 

is also suggested that these findings support a role for serotonin in controlling impulses 

that regulate aggression.

Adult Males - Aggression and Violence. An inverse relationship has generally 

been shown between aggressive, antisocial behavior and central serotonergic function in 

adult males. This literature has relied primarily upon two approaches to measuring central 

5-HT function; 1) assessment of CSF 5-HIAA, and 2) neuroendocrine challenge 

procedures such as measuring the prolactin response to fenfluramine challenge. Appendix 

B reviews the rationale and scientific data supporting the validity o f the fenfluramine 

challenge for assessing central serotonergic function.

Reduced prolactin response to fenfluramine challenge has been demonstrated in 

impulsive aggressive personality disordered patients, and in patients with Major 

Depressive Disorder with a history of suicide attempts (Coccaro, et al., 1989). 

Additionally, reduced 5-HT function in personality disordered males was associated with 

the presence o f impulsive personality traits in first degree relatives (Coccaro, Silverman, 

Klar, Horvath, & Siever, 1994). In contrast, a positive relationship was revealed between 

fenfluramine-related prolactin response and elevated aggressive/impulsive behavior in drug 

abusers (Fishbein, Lozovsky, & JafFe, 1989). This discrepant result may reflect prior 

cocaine use or the history in this sample o f multiple drug abuse. Central serotonergic
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function as measured by CSF 5-HIAA concentrations in males has also provided evidence 

o f a negative correlation between 5-HT function and aggression in personality disordered 

patients with and without a history o f suicide attempts (Brown, Goodwin, Ballenger, 

Goyer, & Major, 1979), as well as in borderline personality disorder (Brown, Ebert, 

Goyer, Jimerson, Klein, et al.,1982). Among impulsive/violent offenders, males who had 

attempted suicide had the lowest CSF 5-HIAA levels compared to non-attempters 

(Linnoila, Virkkunen, Scheinen, Nuutila, Rimon, & Goodwin, 1983). Similarly, low CSF 

5-HIAA concentrations were associated with impulsivity, aggressiveness and high CSF 

testosterone among alcoholic, violent offenders and fire setters (Virkkunen, Rawlings, 

Tokala, Poland Guidotti, et al., 1994).

Assessment of serotonergic function and aggressiveness is rarely undertaken in 

healthy individuals. One such study in normal adults assessed the relationship o f 5-HT 

function and measures o f trait aggression and hostility in women and men, using prolactin 

and cortisol response to fenfluramine challenge (Cleare & Bond, 1997). In males, there 

were significant inverse correlations between 5-HT mediated cortisol responses and scores 

on trait aggression and hostility inventories. There were no similar correlations found in 

females. The study did not find a significant relation between aggressive parameters and 

the serotonin mediated PRL responses. Females had higher A PRL responses than males. 

Thus, an inverse relationship between serotonergic activity and increased trait aggression 

in healthy males, but not in healthy females is modestly supported in this study. The 

authors suggest that failure to find a significant relationship between aggression and 

serotonergic function may, in part, reflect failure to control for menstrual cycle phase
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which increases variance in the sample, and a limited spread of aggression scores, with few 

subjects scoring above a low aggressive range.

Adult Females - Self-directed Aggression and Depression. To my knowledge, 

there are no studies which have examined the relationship o f central serotonergic function 

and aggression exclusively in adult female populations, and females are under-represented 

in aggression studies which include both males and females. Investigative research in 

serotonergic function in women has focused primarily on mood disorder, self-injury and 

suicidality. To relate this focus o f investigation in females to similar research in male 

populations, one may consider assessment of impulsive behavior and central serotonergic 

function. Low 5-HT activity has been postulated to be a trait marker for impulsive 

behavior in general, including suicide (Neilsen, Goldman, Virkunnen, Tokola, Rawlings, & 

Linnoila 1994), and has been associated with self-directed aggression in suicide 

attempters and victims (Asberg, Schalling, Traksman-Bendz, & Wagner, 1987; Mann, 

Arango, Marzuk, & Reis, 1989). The relationship o f central serotonergic function and 

mood disorder, suicidality, impulsiveness and aggression, as examined in women, will be 

reviewed in the following section.

Self-mutilative behavior (SMB) which is defined as repetitive, direct physical self- 

harm without conscious suicidal intent, is most commonly found in young female patients 

with personality disorders (Herpertz, 1995; Pattison & Kahan, 1983; Winchel & Stanley, 

1991). SMB is thought to  be a specific form o f inwardly directed aggressiveness. A 

further distinction has been made between impulsive and premeditated self-harming 

actions (Herpertz, Steinmeyer, Marx, Oidtmann, & SaB, 1995). The significance of
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aggression and impulsivity for self-mutilative behavior in women was examined using the 

fenfluramine challenge procedure. A group o f women with MDD (suicide attempters and 

nonattempters), and normal controls were also assessed. All patient groups showed a 

blunted prolactin response to FEN compared to controls (Herpertz et al., 1995). Prolactin 

response was most reduced in patients with a high measure o f impulsivity and 

aggressiveness. Ratings o f aggression revealed that self-directed hostility was higher 

among depressives with a history o f suicide attempt. Measures o f aggression did not 

distinguish between impulsive and pre-meditated self-mutilators, as had been expected. 

Depressives without a history o f suicide attempt presented with the lowest measures of 

impulsivity and aggressiveness and had the highest prolactin response among the four 

groups o f patients.

Self-directed aggression as a feature o f personality disorders, was investigated 

through fenfluramine challenge in female and male patients with personality disorder (New 

et al., 1997). It was found that patients with a history of self-mutilation or suicide had 

blunted prolactin and cortisol responses to fenfluramine compared to those with no history 

o f either suicide attempt or SMB who showed the highest PRL response to FEN. The 

patients who displayed a severe form o f self-directed aggression, engaging in both suicide 

attempts and self-mutilation had the most marked serotonergic abnormality, having the 

most blunted responses to FEN. It is interesting to note that in the analysis o f variance, 

only self-mutilation as a single factor tended to predict a blunted FEN-induced PRL 

response. Subjects with a history o f self-directed aggression also had a history o f outward 

directed aggression. Overall, women had higher and more variable responses to
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fenfluramine challenge than men. Though only 2 women in the study engaged in both 

suicide attempts and self-mutilation, a pattern similar to that seen in men was observed in 

women. The women who did not have a history o f suicide attempts or self-mutilation 

exhibited more robust responses to fenfluramine compared to women who engaged in 

both behaviors.

Child and Adolescent Bovs - Aggression. Studies of the relationship o f aggression 

and serotonergic function in children have focused nearly exclusively on boys.

Aggression, but not impulsivity, was negatively correlated with CSF 5-HIAA 

concentrations in a group o f children and adolescents (27 boys; 2 girls) with mixed 

disruptive behavior disorder diagnoses (Kruesi, Rapoport et al., 1990). The absence o f 

significant negative correlations between 5-HIAA and measures o f impulsivity was 

suggested as being related to the restricted range o f impulsivity within the group, since 

cognitive and personality measures did not differ between the disruptive patients and the 

contrast group. A two-year follow up (Kruesi, Hibbs et al., 1992), demonstrated that the 

inverse correlation between CSF 5-HIAA and aggression remained significant such that 

earlier 5-HIAA predicted later aggression. An association between 5-HIAA and suicide 

attempts was not found. In contrast to the negative relationship between CSF 5-HIAA 

and aggression found by Kreusi and colleagues (1990, 1992), a positive correlation 

between CSF-5-HIAA and aggressivity was found in a sample of markedly hyperactive 

ADHD boys (Castallanos et al., 1994). It is possible that diagnostic differences in the two 

samples contributed to the opposite findings. CSF HVA was positively correlated with 

several measures o f hyperactivity. Castellanos and colleagues (1994) suggest that, given
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high correlations found between CSF HVA and 5-HIAA in their sample, increased CSF 

HVA was dominating the relationship between the two monoamines.

Fenfluramine challenge has also produced varied results in the investigation of 

aggression in boys. No differences were found in prolactin response to FEN challenge in a 

heterogeneous group o f boys with DBDs compared to a group o f normal controls (Stoff 

Pasatiempo, Yeung, Cooper, Bridger, & Rabinovich, 1992). In contrast, a study in 7 - 11 

year old boys showed aggressive children with ADHD had a significantly larger prolactin 

response to FEN than nonaggressive children (Halperin, et al., 1994). An attempt to 

replicate these findings o f significantly greater prolactin response to fenfluramine in 

aggressive versus nonaggressive boys was initially unsuccessful (Halperin, et al., 1997). 

However, when the subjects were divided into two age groups (<9.1 or >9.1), younger 

aggressive boys had a significantly greater fenfluramine-induced PRL response than 

younger nonaggressives. No such difference was found in the older age group, which may 

indicate that enhanced PRL response to FEN in aggressive children becomes blunted at a 

later age. A positive correlation between prolactin response to FEN and aggression has 

also been demonstrated in brothers (x age 10.0 yrs.) of convicted delinquents (Pine et al.,

1997). Previously, this research group had demonstrated associations between low 

evaluation scores from home observations (higher scores given to healthier environments), 

and disruptive psychiatric symptoms (Wasserman, Miller, Pinner, & Jaramillo, 1996).

Thus, rearing environment was also assessed, resulting in a positive correlation between 

PRL and maladaptive parent-child patterns (Pine et al.,1997).

Child and Adolescent Girls - Depression. No studies o f aggression and its
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relationship to serotonergic functioning have previously been conducted exclusively in 

prepubertal or adolescent girls. As in the adult female population, young girls are more 

likely to be represented in investigations o f mood disorder. Depression in children and 

adolescents with comorbid disruptive disorders has been associated with poor outcome, 

more suicide attempts, and higher incidence o f criminality in adulthood (Harrington,

Fudge, Rutter, Pickles,& Hill, 1990; 1991; Puig-Antich et al., 1989). The temporal 

relationship between decreasing disruptive behavior, pubertal changes, and emerging 

mood disorders in females, compared with relatively stable antisocial behavior in males, 

suggests that during the transitional period between early childhood and adolescence, in 

those individuals with predisposing serotonergic dysfunction, interactions between 

neurotransmitters and neurohormones may influence behavioral outcome differentially in 

girls and boys. In this context, a study o f neurohormonal functioning in prepubertal and 

adolescent girls with major depressive disorder is of interest.

L-5-HTP challenge in prepubertal children demonstrated significantly greater PRL 

secretion among depressives relative to normal controls (Ryan et al., 1992). Girls with 

MDD had higher PRL secretion than boys with MDD, and significantly greater PRL 

secretion than normal girls. Normal girls had lower PRL secretion than normal boys. 

However, MDD boys had no significant difference in AUC or peak PRL secretion 

compared with normal boys. Thus, PRL hypersecretion was seen in depressed girls, but 

not in depressed boys compared to same-sex controls. Prepubertal suicidal depressed 

children were not different from their nonsuiddal depressed counterparts in hormonal 

response to serotonergic challenge.
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The 24-hour pattern o f prolactin secretion, without serotonergic challenge, was 

investigated in adolescents with MDD and in normal controls (Waterman et al., 1994). 

Neither the pattern nor the amount o f prolactin secretion was significantly different 

between groups. However, there were significant gender differences. Girls secreted more 

prolactin than boys, but no significant gender-by-diagnosis interactions were found. 

Findings that basal PRL secretion appears normal in early-onset depression, whereas L-5- 

HTP stimulated prolactin secretion is abnormal, are postulated to reflect different types or 

sites of neural dysregulation in the pathophysiology of early onset depressive disorders.

In summary, an inverse relationship between serotonergic function and aggression 

is generally reported among adult males. Studies of aggression and serotonergic 

dysfunction have not been conducted in female populations, although several lines o f 

research suggest that findings in males may generalize to females. Blunted FEN-related 

PRL response was seen in all patient groups in self-harming behavior and depression in 

adult females. PRL response has been related to severity o f disorder, such that combining 

a history of suicide or impulsivity with other pathology may be associated with diminished 

PRL responsivity. Studies o f children’s FEN-induced PRL responses in relation to 

aggressive behavior have produced equivocal results. CSF-5HIAA has been both 

negatively and positively related to aggressive and antisocial behavior in boys. Enhanced 

PRL response to FEN has been demonstrated in relation to aggression in ADHD boys in 

some, but not all, studies. Thus, serotonergic mechanisms are implicated in aggressive 

behavior in children and adults, but the direction of the relationship is not certain. 

Investigations o f serotonergic function and aggression in girls have not been conducted.
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However, a study in children (Waterman et al, 1994) demonstrated a greater fenfluramine- 

induced PRL release in girls than in boys. While an inverse relationship between 

serotonergic activity and aggression has been demonstrated in adolescent boys (Kruesi, 

Rappoport et al, 1990; Halperin et al., 1994; Pine et al., 1997), a similar relationship has 

not been demonstrated in girls. However, low 5-HT activity has been associated with 

MDD in prepubertal girls (Ryan, 1992).

Summary

Taken together, the data presented indicate that aggressive behavior may manifest 

differently in girls and boys. Whereas a substantial literature indicates that aggressive 

behavior in boys is associated with overt, physically assaultive behavior, impulsivity, 

cognitive deficits and psychosocial deprivation, girl’s aggression is considered to be 

relational, that is, inflicting harm by covert social manipulation intended to cause damage 

to the individual within their peer group. Girl’s aggression is thought to be more 

controlled (less impulsive) than their male counterparts. However, less is known 

regarding the cognitive/neuropsychological functioning o f aggressive girls or about their 

experience o f psychosocial adversity.

This study was designed to examine correlates o f aggressive behavior in 

prepubertal girls and boys to determine if the characterization o f aggressive behavior 

developed in the literature, which is based primarily upon male samples, also characterizes 

aggressive behavior in girls. If  aggressive girls and boys are found to be comparable on 

measures o f cognitive, neuropsychological, behavioral and serotonergic function, it would 

be likely that the symptoms represent the same disorder and underlying mechanisms. I f
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however, aggressive girls and boys are found to differ on most measures, it would support 

the hypothesis that aggression in girls is different from that seen in boys and may represent 

a different disorder with implications for diagnosis and treatment.

Hypotheses

1. Studies consistently report verbal processing and language deficits in impulsive 

aggressive children and adults (Hinshaw, 1992; Barratt, Stanford, Kent & Felthous, 1997). 

Yet, unlike behavioral manifestations o f aggression typically seen in males, female 

aggression is described as controlled and reflective, resulting in social wounding of the 

target. It is therefore hypothesized that as compared to aggressive boys, aggressive 

girls will be found to be significantly less impulsive, as measured by 

neuropsychological testing, and as having fewer, if any, verbal deficits.

2. A role for the familial transmission o f aggressive and antisocial behavior is supported 

by findings o f high rates of aggressive behavior, antisocial personality disorder and 

sociopathy among first degree relatives o f conduct disordered and aggressive children 

relative to non-aggressive children (Biederman et al., 1987; Frick et al., 1992). The lower 

rate o f aggressive behavior in girls has prompted investigators (Cloninger, Reich & Guze, 

1975; Sigvardsson et al., 1982) to posit that females require higher levels of biological 

predisposition in order for them to manifest aggressive behavior. Therefore, it is 

hypothesized that as compared to non-aggressive children, as well as aggressive 

boys, aggressive girls will have an increased incidence of aggressive/antisocial 

behavior in their first and second degree relatives.

3. Heritability cannot account for all o f the variance in twin and adoption studies of
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aggressive and antisocial behaviors, thus allowing for evidence in support o f 

environmental influences. An array of potentially adverse family circumstances, such as 

marital discord, absence o f a parent and limited available resources, have been examined 

for influence upon the manifestation o f aggression and antisocial behavior among children 

and adolescents. As in other areas of aggression research, females have infrequently been 

included in adequate numbers for analysis and comparison. Significant gender differences 

have been found in environmental predictors o f aggression in subjects from 10 to adult, 

showing males to be more vulnerable than females to the effects o f family adversity such 

as psychiatric illness and divorce (Cadoret & Cain, 1980). It is therefore hypothesized 

th a t adverse home/family environmental factors will be more frequent among 

aggressive boys as compared to aggressive girls and nonaggressive girls and boys.

4. The association o f the serotonergic system and the manifestation o f aggression and 

antisocial behavior has been extensively investigated in both animal and human literature. 

Animal literature has demonstrated an inhibitory role o f serotonin (reducing impulsive or 

aggressive responding) in rodents (Soubrie, 1986; Olivier & Mos, 1992) and non-human 

primates (Higley et al, 1991; 1992; 1996; Raleigh et al., 1986). An inverse relationship 

between impulsive aggressive behavior and central serotonergic function has also been 

demonstrated in several samples of males (Brown et al., 1979; Coccaro et al., 1989; 

Linnoila et al, 1983; Virkkunen et al, 1994). While no similar studies o f aggression have 

been conducted in females, among women with Major Depressive Disorder (MDD), 

serotonin was most reduced in patients with high levels o f impulsivity and aggressiveness 

(Herpertz et al., 1995). Studies examining the relationship of 5-HT to aggression in
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children have used nearly exclusively male samples and have generated conflicting results 

(Castellanos et al. 1995; Halperin et al. 1994; 1997; Kruesi et al. 1990; 1992; Pine et al. 

1997; Stoff et al. 1992). Pilot data from this study (Koda et al., 1996) demonstrated a 

greater fenfluramine-induced PRL response in prepubertal girls compared to boys. It is 

possible that this increased 5-HT response is related to decreased impulsivity in girls 

relative to boys. Therefore, it is hypothesized th a t aggressive girls will have a greater 

FEN-induced PRL response than aggressive boys in this prepubertal sample, 

reflecting gender-related differences in serotonergic responsivity.
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Methods

Subject Screening & Initial Assessment

Girls and boys between seven and ten years o f age, who were reported to exhibit 

varying degrees of aggressive or disruptive behaviors, were recruited to participate in this 

research. Children who had been brought by parents or legal guardians to the Division o f 

Child and Adolescent Psychiatry o f the Mount Sinai Medical Center for evaluation and 

treatment o f behavioral difficulties were screened to determine their interest in and 

appropriateness for the study. Referrals were also received through school personnel 

(guidance counselors, school psychologists, principals, etc.) at the request o f parents o f 

school children who are experiencing academic and social difficulties, as well as though 

community service agency officials who are familiar with the quality o f the evaluations 

conducted by the child study research team. Parents also contacted the child study unit 

directly, having learned of the study from friends or family members. Most o f the boys 

were from the immediate urban area contiguous to the Mount Sinai Medical Center.

While many of the girls were also from this area, several were from other New York 

Boroughs, and from communities in New Jersey, and Westchester County, New York.

All children were initially screened for acceptance into the study using parent 

ratings on the Child Behavior Checklist/4 - 18 (CBCL). If  a child appeared likely to meet 

criteria for aggressive behavior, an evaluation was conducted to determine the child’s 

eligibility for the study. All subjects were of prepubertal status (Tanner Stage I or II) by 

parent report. Children were excluded if they I) had a chronic medical illness or were 

currently taking systemic medication; 2) had a diagnosed neurological disorder, 3) had a
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Full Scale IQ below 70; 4) bad a diagnosis o f schizophrenia, autism, pervasive 

developmental disorder or a chronic tic disorder; 5) were not attending school; or 6) were 

not F.nglish speaking (child and parent). Approval by the Mt. Sinai Institutional Review 

Board (IRB) as well as parent consent and patient assent were obtained prior to 

September 1997.

Subject Matching

Girls and boys who scored two standard deviations above the mean on the CBCL 

Aggression Scale were designated as aggressive (CBCL Aggression score ^70) and those 

with a CBCL Aggression score ^69, as nonaggressive. Girls who met inclusion criteria 

were matched by age (± 6 months) and CBCL Aggression Subscale score ( ± 5 points) to 

boys drawn from a larger ongoing study o f children with disruptive behavior disorders 

under, the direction of Jeffrey M. Halperin, Ph.D. This procedure resulted in two groups 

o f girls, aggressive (N = 12) and non-aggressive (N = 12) closely matched for age and 

CBCL Aggression score to two groups of aggressive (N = 12) and non-aggressive (N = 

12) boys (see Table I).

' V

N X sd X sd

All Girls 24 9.08 1.28 69.42 11.83

All Boys 24 9.24 1.29 70.00 11.88

Aggressive Girls 12 8.96 1.50 79.25 5.74

Aggressive Boys 12 9.11 1.54 79.75 6.33

Nonaggressive Girls 12 9.20 1.07 59.58 6.97

Nonaggressive Boys 12 9.37 1.04 60.25 6.89
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In addition to the CBCL parent ratings obtained during the initial screening and 

acceptance into the study, all children received further clinical/behavioral, cognitive and 

neurobiological assessment. Family history and demographic information were also 

obtained for each child.

Clinical/Behavioral Assessment

Diagnostic Interview  Schedule for Children (DISCV The revised Diagnostic 

Interview Schedule for Children (DISC) (Shaffer, Fisher, Piacentini, Schwab-Stone, & 

Wicks, 1989), is a highly structured interview that can be reliably administered by a trained 

non-clinical interviewer. Separate interviewers, who were blind to the child's probable 

group placement, interviewed the parerrt(s) using the full DISC. The child’s teacher was 

interviewed by telephone using the Disruptive Disorders Module of the DISC. A 

combination of the parent and teacher interviews was used to determine whether inclusion 

and exclusion criteria were satisfied.

IOWA Conners Teacher Q uestionnaire flO W A l The IOWA (Loney & Milich, 

1982) is made up of 10 items from the Conners Teacher Questionnaire (CTQ) (Goyette, 

Conners, & Ulrich, 1978). The I/O (inattentive/overactive) and A (aggressive) scales o f 

the IOWA allow for some distinction between these two symptom profiles. The Conduct, 

Hyperactivity, Inattention/Passivity Factors and Hyperactivity Index provide further 

discrimination o f behaviors. Normative data for the IOWA are available for a sample of 

608 (293 boys and 315 girls) elementary school children (Pelham, Milich, Murphy, & 

Murphy, 1989).
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Child Behavior Checklist (CBCL) 1991. The revised CBCL (Achenbach,

1991) is a 113-item checklist that is completed by parents. The CBCL generates 

standardized T-scores for a broad range o f behavioral dimensions including hyperactivity, 

aggression, and delinquency and has been found to be highly reliable. Normative data are 

available for 1,200 (619 girls, 581 boys) 4-11 year-old, and for 2,368 (604 girls, 564 

boys) 12-18 year-old, nonhandicapped subjects. The CBCL aggression scores are based 

upon identical items, but separate norms for boys and girls.

Children's Aggression Scale - Teacher Version (CAS-Tl The CAS-T (McKay, 

Halperin, Grayson, Hall, Perochio, et al., 1993) was designed to evaluate the presence o f 

verbal aggression, aggression toward objects or animals, physical aggression toward 

people, and use of weapons in children. Unlike previous teacher "aggression” scales, such 

as the IOWA Conners, which primarily assess oppositional and defiant behavior, this scale 

was designed to assess the frequency and severity o f aggressive acts. Normative data 

have been collected for 324 children on the CAS-T, which generates a separate 

dimensional measure in each domain o f aggression that it assesses. The CAS-T was 

completed by the child's current teacher as well as her/his teacher from the prior academic 

year.

C hildren's Aggression Scale - Parent Version (CAS-PI The CAS-P (McKay et 

al., 1993) was designed to evaluate the presence o f verbal aggression, aggression toward 

objects or animals, physical aggression towards people and use o f weapons in children.

This scale was designed to assess the frequency and severity o f aggressive acts. The CAS- 

P distinguishes between aggression in and outside o f the home, and also distinguishes
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between aggression directed against children versus aggression directed against adults. 

These distinctions are particularly important for assessing aggressive traits in children, 

since fighting with siblings at home is common in children who would otherwise be 

considered non-aggressive. Preliminary findings for this scale indicate that scores in 

several domains discriminate between ADHD children with and without comorbid conduct 

disorder.

Cognitive Assessment

W echsler Intelligence Scale for Children - ITT (WISC-HD. The WISC-HI (The 

Psychological Corporation, 1991) was used to assess general cognitive abilities. The 

WISC-m is a well-normed standardized intelligence test that yields separate Verbal, 

Performance and Full Scale IQ scores along with 12 independent subtest scores. A child 

was accepted into the study only if she/he received a Full Scale IQ o f 70 or higher, which 

placed her/him above the Mildly Mentally Retarded range.

W echsler Individual Achievement Test fWIATY The WIAT (The 

Psychological Corporation, 1992), was used as an overall test of academic achievement. 

The test battery contains several subtests assessing various aspects o f reading, spelling, 

writing and arithmetic skills. Due to time constraints, however, the WIAT Reading 

Comprehension subtest and the WIAT Screener were used in this study. The WIAT 

Screener consists o f three well-normed and standardized subtests that assess Basic 

Reading, Math Reasoning and Spelling in approximately 15-20 minutes.

Continuous Performance Test (CPTT A Continuous Performance Test 

(Halperin, W olf Pascualvaca, et al., 1988; Halperin, O’Brien, Newcom et al., 1990;
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Halperin, Sharma, Greenblatt, & Schwartz, 1991), was used to obtain objective measures 

of impulsivity, dyscontrol and inattention. Letters are presented on a computer screen 

with a 1 5-second interstimulus interval. The child is told to respond (to press the space 

bar) when she or he sees an “A” followed by an “X”. A total o f400 letters are presented 

and the task lasts approximately 12 minutes. The inattention score is computed by 

summing misses and X-only errors with reaction times above the mean hit reaction time. 

The measure of impulsivity consists of the number o f A-not-X errors plus A-only errors 

with reaction times above 1.25 seconds. The measure of dyscontrol consists of the 

remaining false alarms that are not included in the other measures. Although the exact 

significance of dyscontrol errors is not clear, it is thought to reflect a general “fidgetiness” 

and not to represent either inattention or impulsivity.

Family History Assessment

Family history o f psychiatric symptomatology was assessed using a semi­

structured interview administered either to the child's mother, both parents together, or 

another relative with whom the child lived. The interviewer systematically queried about 

symptom domains that each family member may have experienced as a child (where 

appropriate) and as an adult. When a positive response was elicited, additional probes 

were used to determine whether the problem caused impairment. Since full criteria for 

disorders could not be reliably ascertained, endorsement o f impairment in any one 

symptom domain was considered to be indicative o f a positive history. Problem areas 

assessed were 1) ADHD symptoms (i.e., inattention, fidgetiness); 2) Aggressive behaviors 

(i.e., persistent fighting, causing injury to others, use o f weapons, destruction of property);
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3) Substance abuse (i.e., alcohol and drugs); 4) Antisocial behaviors (i.e., stealing, fire- 

setting, trouble with the law); 5) Internalizing symptoms (i.e., excessive worrying, 

depression); 6) Psychotic symptoms (i.e., hallucinations, delusions, paranoia); and 7) 

Cognitive Impairment (i.e., learning problems, slower than others, history o f special 

education). Data were obtained for 91 parents, 160 grandparents, and 261 aunts and 

uncles, for a total o f 512 first and second degree adult relatives. Data for siblings were 

not included because most were below the age o f risk for many of the domains assessed. 

Demographic Assessment

Information as to the child’s home environment was obtained through an interview 

with the parent or primary caregiver. The interviewer followed a questionnaire 

ascertaining information as to number of family members, non-family members and 

number o f children residing in the home; parents’ marital status; amount o f contact child 

had with each parent (daily, weekly, monthly, yearly, no contact); educational status of 

parents; and, job status and description of employment for parents.

Neurobiological Assessment.

An index of central 5-HT function is the prolactin (PRL) response to acute 

challenge with the 5-HT releaser/uptake inhibitor fenfluramine (FEN) (Quattrone et al., 

1978). The magnitude of this PRL response has been found to distinguish between 

aggressive and non-aggressive ADHD children (Halperin et al., 1994), aggressive and 

non-aggressive siblings of adjudicated adolescents (Pine et al., 1997), and between 

aggressive and non-aggressive personality disordered (Coccaro et al., 1989), and 

substance abusing (Fishbein et al., 1989) adults. FEN is a centrally-acting

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



48

pharmacological agent which releases endogenous stores o f 5-HT, blocks re-uptake o f 

synaptic 5-HT, and stimulates post-synaptic 5-HT receptors, directly and indirectly 

(Rowland & Carlton, 1986). The resultant enhancement o f central 5-HT activity is 

reflected in a robust dose-dependent rise in plasma PRL levels (Lewis & Sherman, 1985).

Subjects were free o f medications for at least four weeks prior to the FEN 

challenge and were maintained on a low monoamine diet for three days prior to the study. 

The protocol was begun after an overnight fast, at 8 am, with insertion o f an indwelling 

intravenous catheter (kept open with normal saline) into a forearm vein. Subjects 

remained awake, supine and fasting until 3 pm. Samples o f blood for baseline plasma PRL 

were obtained at 9:45 and at 9:55 am (-15 and -5 min.). Using double blind procedures in 

9 girls, FEN, 1 mg/kg, or placebo (PLA), were administered orally at 10 am (0 min). In 

all other subjects only FEN, 1 mg/kg, was administered. Post- FEN/PLA samples of 

plasma PRL were obtained hourly until 3 pm. All samples were placed immediately on ice 

until centrifugation within two hours. After separation, samples remained frozen until 

assayed by RIA (Davis, Mathe, Mohs, Levy, Davis, et al., 1983). The lower limit o f 

detection for the PRL assay is <1.0 ng/ml. Intra- and inter-assay variability are less than 

6.7% and 8.4%, respectively. Delta PRL (peak PRL minus the averaged baseline PRL) 

after FEN was used as the measure o f maximal PRL responsiveness to the 5-HT 

challenge. A VCR and videotapes were available to the child for entertainment, and a 

researcher was present throughout the procedure.

Post-FEN samples for plasma FEN and nor-fenfluramine (Nor-FEN) were 

obtained hourly from +60 min until +300 min to ensure adequate absorption. Samples for
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plasma FEN/Nor-FEN levels were collected in a borosilicate acid-washed glass tube with 

balanced ammonium-potassium oxylate crystals as the anticoagulant and was placed 

immediately on ice until centrifugation within two hours. After separation, plasma was 

frozen at -20°C until assay by gas-chromatography with electrical detection (Krebs, Chens, 

& Wright, 1984). The lower limit o f sensitivity is 2 ng/ml for FEN and 3 ng/ml for Nor- 

FEN. Intra- and inter-assay variability are less than 7% for both FEN and Nor-FEN.

These assays were conducted in the laboratory o f Tom Cooper, at the Nathan Kline 

Institute for Psychiatric Research.

Studies in adults (Coccaro et al., 1989; McBride et al., 1989), adolescents (Stoff et 

al., 1992), and children (Halperin et al, unpublished) have shown that the robust PRL 

enhancement following a FEN challenge is due to the medication, and that a placebo 

challenge only minimally alters plasma PRL. Yet, this has not been demonstrated in 

female children. Therefore, with nine girls, the double blind placebo challenge described 

above was employed. This provided an ascertainment of non-specific neuroendocrine 

changes that may occur in young girls in response to the non-pharmacological aspects of 

the procedure. Further placebo challenge was not conducted as it would have imposed 

additional time commitment and inconvenience upon the children and their families and 

further discomfort upon the child, and was thus not ethically justified. Test-retest 

reliability for the PRL response to FEN has been shown to be good in prepubertal children 

when the two trials were separated by one week (Stof£ Pasatiempo, Yeung, Bridger, & 

Rabinovich, 1992), and two-year stability coefficients in children (Pick et al, 1998) were 

found to be comparable to those reported using more invasive measures o f 5-HT function
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in primates (Higley et al., 1996; Kraemer & Clarice, 1996). The two challenge procedures 

were separated by one week and the order was counterbalanced, such that half received 

the FEN challenge first and half received PLA first.

A single 1 mg/kg dose of FEN in children is unlikely to cause any side effects. 

Higher doses for up to 9 months have been used experimentally to treat autistic children 

(Beisler, Tsai, & StiefeL, 1986; Yarbrough et al., 1987) and for 3 weeks in ADHD children 

(Donnelly et al., 1989). During these trials mild side effects such as sleep disturbances, 

weight loss and irritability were occasionally reported. One child developed a rash, and 

was terminated from a study. No side effects were reported after a single dose.

Data Analysis

Cognitive Data. Gender differences in measures o f intellectual functioning (WISC- 

]H) were assessed using a two-way factorial analysis o f variance (ANOVA). Academic 

achievement as measured on the WIAT, and CPT measures o f Impulsivity, Dyscontrol and 

Inattention were also examined using two-way ANOVA When appropriate, post hoc 

analysis was performed using Tukey’s HSD.

Clinical/Behavioral Data. Differences in the presence o f childhood psychiatric 

disorders, as determined by the DISC, in aggressive and nonaggressive girls and boys, was 

examined using general loglinear analysis for categorical variables. Examination of 

standardized residuals was used to interpret significant interaction effects. Gender 

differences in aggressive and nonaggressive children in behavioral ratings o f the IOWA 

CTQ and the CAS-P and CAS-T, were examined using two-way factorial ANOVA, with 

two independent variables (Gender and Aggression Status). Post hoc analyses of
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significant interactions were conducted using Tukey’s HSD.

Family History Data. The incidence of psychopathology in first and second 

degree relatives among aggressive and nonaggressive girls and boys was examined using a 

two-way analysis of variance (ANOVA) and post hoc Tukey’s HSD when appropriate.

Demographic Data. General loglinear analysis was used to examine relationships 

between categorical home environmental variables (e.g. marital status, parent’s years o f 

education completed, parent’s employment status, and child-parent contact), and 

aggressive and nonaggressive behavior in girls and boys. Significant interaction effects 

were interpreted by examination o f standardized residuals. Two-way factorial analysis o f 

variance (ANOVA) was used to examine differences among aggressive and nonaggressive 

girls and boys in total numbers o f children and family members living in the households of 

children in this study.

Neurobiological Data. Gender differences in the PRL response to FEN challenge 

in aggressive and nonaggressive children were assessed using a three-way mixed analysis 

of covariance, controlling for plasma medication level, with two between group variables 

(Gender and Aggression Status), and one within group variable (Time). There were seven 

time points (2 pre- and 5 post-FEN administration). A two-way analysis o f covariance 

(ANCOVA) controlling for peak medication, was used to examine peak A PRL (peak 

PRL minus the combined baseline PRL) response to FEN, the two independent variables 

being Gender and Aggression Status (as determined by CBCL aggression ratings).
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RESULTS

Cognitive D istinctions

Associations between gender and aggression and aspects o f cognitive functioning 

were assessed using measures o f overall intellectual function, academic achievement, and a 

laboratory measure of inattention and impulsivity. The Wechsler Intelligence Scale for 

Children - HI (WISC-IH, The Psychological Corporation, 1991), and the Wechsler 

Individual Achievement Test (WIAT, The Psychological Corporation, 1992) were used to 

assess intellectual and academic functioning. Objective measures of inattention, 

impulsivity, and dyscontrol were obtained using The Continuous Performance Test (CPT), 

(Halperin, et al., 1991)

Group differences among the cognitive measures were assessed using two way 

factorial analysis o f variance (ANOVA). There were no main effects on the WISC-HI 

Verbal IQ for Gender (F = 2.97, d f 1,44, p  = . 10) or Aggression Status (F = 1.28, d f 1,

44, p  = .26). There was, however, a significant Aggression Status x Gender interaction 

effect for Verbal IQ (F = 4.99, df 1,44, p  = .03). Post hoc analysis revealed that 

aggressive girls scored significantly higher on VTQ than aggressive boys, but there was no 

significant difference between nonaggressive girls and boys on this measure (Figure 1). 

There were no main effects or interaction effects for Performance IQ or FSIQ, although 

FSIQ interaction effect (F = 3.76, d f 1,44, p  =.059) approached significance.

Dimensional assessment o f cognitive function using Pearson product-moment 

correlation showed that among boys, but not among girls, parent ratings o f delinquent 

behavior (CBCL Delinquency scores), were negatively correlated with
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IQ Scores
110 n----------------------------------------

VIQ PIQ FSIQ

g ]  AflgGWs |  NonaggGbfe 0  AggBoys |  NonaggBoys

Figure 1. IQ scores in 7 - 10 year-old girls and boys. Aggressive 
girls (N = 12), nonaggressive girls (N = 12), aggressive boys 
(N = 12), nonaggressive boys (N = 12).

both FSIQ ( r = - 0.54, p  = 0.01) and PIQ ( r  = - 0.44, p  = 0.03). FSIQ among the boys

was also negatively correlated with CBCL Aggression ( r  = -.040, p  = 0.05). Teacher

ratings of aggression (IOWA - Aggression) and conduct problems (IOWA - Conduct)

were not associated with measures o f general intellectual ability in either girls or boys.

As shown in Table 2, analysis of academic achievement measures produced 

significant main effects for Gender on all subtests of the Wechsler Individual Achievement 

Test (WIAT) and significant Gender * Aggression Status interaction effects for all 

subtests except spelling. The Reading Decoding test of the WIAT, did not result in a 

significant main effect for Aggression Status (F = .586, df 1,43, p  = .45), however, there 

was a significant main effect for Gender (F = 9.96, df 1,43, p  =.003) and a significant
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Table 2. Psychometric Characteristics o f Aggressive and Nonaggressive Children

Aggressive
Girls

Nonaggressive
Girts

Aggressive
Boys

Nonaggresstve
Boys

Variable X sd X sd X sd X sd F

wisc-m

VTQ 100.67 1939 94.50 14.54 7830 26.67 9733 1426 439* A9>Act

PIQ 96-50 15.10 9525 1266 87.92 15.55 9725 14.80 as.

FSIQ 98.50 14.77 94.50 13.55 8525 1281 96.92 14.75 tLS.

WIAT

Reading 10634 1527 93.50 17.42 8275 1435 8838 1437 936$
4.45'

9 > <t 
A9>Arf

Reading
Comp

104.91 15.24 94.64 1234 79.44 10.16 86.17 11.82 1733$
4.82*

9 >d- 
A9>A<f

Spelling 103.09 13.40 95.50 16.53 8233 11.73 85.83 1337 13.58$ 9

Mathematics 99.09 8.63 95.83 9.64 8425 13.97 96.42 926 5.03$
6.18*

9 ><f 
A9>A<t

CPT

Impulsivity 4.58 4.10 4.17 4.63 1325 10.55 10.42 1331 8.17$ 9

Dyscontrol 6.17 5.77 12.50 8.17 2333 19.67 17.42 1733 724$ 9 > tf

Inattention 9.42 8.23 10.08 4.93 1225 7.53 933 8.02 o s.
'Interaction Effort- Gender * Aggression Status, p  <.05; £ Gender Main Effect, p  <.05; A =  Aggressive

Gender * Aggression Status interaction (F = 4.45, df 1, 43, p  -  .04). Post hoc analysis 

revealed significantly higher reading ability scores in aggressive girls (x 106.64) than in 

aggressive and nonaggressive boys (x 82.70 and x 88.58, respectively). Nonaggressive 

girls (x 93.50) did not differ significantly from any o f the other groups. Similarly, on the 

Reading Comprehension subtest, while there was no main effect for Aggression Status (F 

= .284, d f 1,39, p  = .60), a significant main effect was produced for Gender (F = 17.93, df

1,39, p  <.001) and a significant interaction effect for Gender * Aggression Status (F = 

4.82, df 1,39, p  = .03). Post hoc analysis showed significantly higher reading 

comprehension scores for aggressive girls (x 104.91) compared to aggressive and
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nonaggressive boys (x 79.44 and x 86.17, respectively). As in Reading Decoding, 

nonaggressive girls (x 94.64) did not differ significantly from any other group.

Achievement tests o f spelling resulted in a significant main effect for Gender only 

(F = 13.58, d f 1, 43, p  = .001) with girls scoring higher than boys. There was no main 

effect for Aggression Status (F = .22, d f 1,43, p  = .64) or interaction effect for Gender x 

Aggression Status (F = 1.83, df 1,43, p  = . 18).

Analysis o f the mathematics subtest did not result in a main effect for Aggression 

Status (F = 2.22, df 1,43,/? = . 14), but there was a significant main effect for Gender (F = 

5.03, d f 1,43, p  = .03), and a significant Gender x Aggression Status interaction effect (F 

= 6.18, d f 1,43, p  =.02). Aggressive boys (x 84.25) had significantly lower mathematics 

achievement scores than aggressive girls (x  99.09) and nonaggressive boys (x 96.42).

Dimensional assessment of academic achievement using Pearson product-moment 

correlation, showed that parent ratings o f delinquency (CBCL Delinquency scores) were 

inversely related to WIAT- Reading Comprehension scores, in boys only ( r = - 0.63, p  < 

0.01), and with WIAT-Spelling ( r = - 0.42, p  = 0.05), only in girls.

Analysis o f Continuous Performance Test scores revealed a significant main effect 

for Gender on the measure o f Impulsivity (F = 8.173, df 1,44, p  =.006), reflecting lower 

scores for girls (x 4.38) compared to boys (x 10.79). There was no main effect for 

Aggression Status (F = 0.39, df 1,44, p  = .54), nor was there a significant Gender x 

Aggression Status interaction effect for Impulsivity (Figure 2).

A significant main effect for Gender (F = 7.24, df 1,2, p  < 01) was also found on 

CPT Dyscontrol (believed to capture fidgetiness), on which girls scored lower than boys.
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Continuous Performance Test
2 5 - r

Impulsivity Dyscontrol Inattention

E£ AggGHs |  NonaggGirls 0  AggBoys |  NonaggBoys

Figure 2. CPT scores in 7 - 10 year-old girls and boys. Aggressive 
girls (N = 12), nonaggressive girls (N=12), aggressive boys 
(N = 12), nonaggressive boys (N = 12).

There was no main effect for Aggression Status (F = 0.003, d f 1,44, p  = .96), nor

interaction effect for Gender * Aggression Status (F = 2.23, d f 1,44, p  = . 14). CPT-

Inattention results showed no main effects for Gender (F = .245, d f 1,44, p  = .623) or

Aggression Status (F = .285, d f 1,44, p  = .596), nor an interaction effect for Gender *

Aggression Status (F = .723, df 1,44, p  = .40).

Dimensional assessment of CPT measures of inattention, impulsivity and 

dyscontrol, using Pearson product-moment correlation, showed that among boys only, 

teacher ratings o f aggressive behavior (IOWA-Aggression) and conduct problems 

(IOWA- Conduct) negatively correlated with CPT Inattention measures 

( r = - 0.52, p  = 0.01, for both). There were no significant correlations between parent 

ratings and CPT measures.
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Overall, significant interactions for measures o f academic achievement and verbal 

ability indicate that, whereas aggressive boys have verbal and academic difficulties relative 

to non-aggressive boys, aggressive girls have better skills relative to non-aggressive girls. 

CPT results revealed girls to be significantly less impulsive than boys and to exhibit less 

fidgetiness. Both categorical and dimensional analyses show greater cognitive difficulties 

associated with aggression in boys, but not in girls, although the nature o f cognitive 

impairment is somewhat different.

Childhood Psychiatric Disorder D istinctions

Structured interviews with parents, using the Diagnostic Interview Schedule for 

Children (DISC) version 2.1 (Shafer et al., 1989), provided information on gender 

differences in the development o f childhood psychiatric disorders in aggressive and non- 

aggressive children. General Loglinear Analysis for categorical variables was used to 

examine associations among gender, aggression, and the Disruptive Behavior Disorders 

(Figure 3). There was a significant three-way interaction effect for Aggression Status * 

Gender x ADHD (x2 = 40.33, p  < 001). All aggressive girls and boys in this sample had 

diagnosed ADHD, and ADHD was present in all but one o f the nonaggressive boys. 

Nonaggressive girls had the least incidence (41.7%) of ADHD.

General Loglinear analysis also revealed a significant three-way interaction of 

Aggression Status * Gender x ODD ( X2 = 29.54, p  <001). All aggressive girls and all 

but one aggressive boy (91.7%) had diagnosed ODD. Nonaggressive boys had somewhat

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

Disruptive Behavior Disorders
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Figure 3. Diagnostic Interview Schedule for Children (DISC), v.2,
DBDs in children (N = 48).

less ODD (81.8%) and nonaggressive girls had the least reported ODD (50%).

Conduct Disorder was found in 27% o f the children. There was a significant three-way 

interaction effect for Aggression Status * Gender x CD ( x2 = 29.32, p  <001).

Aggressive boys had the highest incidence o f CD (75%), while nonaggressive girls had no 

reported CD. Aggressive girls and nonaggressive boys (16.7% for each subgroup) were 

alike in the reported incidence of CD.

Aggressive girls were represented equally with aggressive boys in diagnosed 

ADHD, and ODD, but were more like nonaggressive boys in the incidence of CD. 

Nonaggressive girls were least represented in diagnosed DBDs. Most children had been 

referred to this study due to disruptive behaviors. Thus, the high incidence of DBDs is a 

result of the referral process.
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General Loglinear Analysis did not reveal significant differences among the 

children for either Major Depressive Disorder (MDD) (x2 = 2.78, p  = .60) or Dysthymic 

Disorder (DD) (x2 = 2.85, p  = .58). There was one reported case each o f DD and MDD 

in aggressive girls, and a single reported case o f MDD in aggressive boys. All other 

children were without diagnosed mood disorder.

Differences of gender and aggression status and comorbidity o f anxiety disorders 

were assessed using General Loglinear Analysis. There was a significant interaction effect 

for Aggression Status x Gender x Overanxious Disorder o f Childhood/Generalized 

Anxiety Disorder (OAD/GAD) (x2 = 33.21,/? <001). 13.3% of all children were reported 

to have symptomatology consistent with a diagnosis o f OAD/GAD. The greatest 

incidence o f diagnosed OAD/GAD (33.3%) was reported among aggressive girls. There 

was no reported OAD/GAD among nonaggressive girls. Aggressive and nonaggressive 

boys (9.1% and 8.3%, respectively) each had a single reported case o f OAD/GAD. There 

was a significant interaction effect for Aggression Status x Gender x Separation Anxiety 

Disorder (SAD) (x2 = 27.09, p  <001). Among the 15.2% of the children reported to 

suffer from SAD, aggressive boys had the highest reported incidence (33.3%), compared 

to nonaggressive boys (8.3%), and aggressive or nonaggressive girls (8.3% and 10%, 

respectively).

The children in this study were assessed dimensionally using the IOWA Conners 

Teacher Questionnaire (IOWA). The IOWA CTQ (Loney and Milich, 1982), is 

comprised o f factors for Conduct Problems, Hyperactivity, and Inattention-Passivity, as 

well as scales which allow distinctions between symptom profiles for hyperactive (I/O
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scale) and aggressive (A scale) disorders, and a Hyperactivity Index which selects children 

with both hyperactive and aggressive disorders. Two-way factorial analysis of variance of 

the Conners Teacher Questionnaire ratings revealed significant main effects for Gender for 

all factors and scale scores, but no significant main effects for Aggression Status nor 

significant interaction effects (see Table 3). Thus, the significant main effects for Gender 

for Conduct factor (F = 13.40, d f 1,42, p  =  .001), Hyperactivity factor (F = 8.68, d f 1,42, 

p  =  005), Inattention/Passivity factor (F =  7.55, df 1,42, p  — .009), Hyperactivity Index 

(F 13.95, df 1,42, p  =  .001), the Iowa Inattention/ Overactivity scale (F = 11.08, d f 1,42, 

p  = .002), and the Iowa/Aggression scale (F = 13 .59, df 1,42, p  = .001), reflect the 

teachers’ perceptions o f a greater degree of behavioral difficulties for boys than girls.

The Children’s Aggression Scales - Parent Version (CAS-P), and Teacher Version 

(CAS-T), assess the frequency and severity of aggressive acts in five domains, 

distinguishing between aggression in the home as compared to aggression in the school 

environment. Parental aggression ratings (CAS-P) produced significant main effects for 

Aggression Status on three o f five measures, with no significant main effects for Gender 

or Interaction effects (Table 3). Thus, parental ratings resulting in significant main effects 

o f Aggression Status for Verbal Aggression (F = 12.39, df 1,39, p  = >001), Aggression 

Against Objects and Animals (F =  11.03, df 1,40, p  = .002), and Provoked Physical 

Aggression (F =  11.69, df 1,40, p  =  .001) differentiated prepubertal behaviors by level of 

aggression but not by gender o f the child. However, parental ratings o f Unprovoked 

Unprovoked ( Initiated) Aggression yielded significant main effects for Aggression Status 

(F =  19.71, df 1,40, p  < 0 0 1 ) , and Gender (F = 4.63, df 1,40, p  = .04), with no significant
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Tabled Behavior Ratings in Gills and Boys <7 -10 yrs o f age)

Aggressive Nonaggressive Aggressive Nonaggressive Effect
Girts Girts Boys Boys (Gender ? )

(Aggressfanf)
N =  12 N =  12 N =  12 N = 12 (Interact ion*)

X SD X SD X SD X SD F Sig.

IOWACTQ

Conduct1 1.47 0.88 0.92 0.77 2.00 0.55 1.94 0.68 13.40 .0011

Hypfacto1 1.90 0.52 126 0.87 2.11 0.58 223 0.71 8.68 0.011

Inatten/Pass1 1.30 0.59 1.41 0.95 1.98 0.51 1.89 0.69 7.55 0.011

Hypindex1 1.77 0.57 127 0.77 2.15 0.53 2.19 0.50 13.95 .0011

Iowa I/O1 9.36 3.59 6.75 4.14 11.73 2.61 1125 3.60 11.08 <.011

Iowa Agg2 6.82 4.67 3.33 3.65 9.27 2.83 9.00 3.84 13.59 .0011

CAS-P*

Verbal 8.50 5.03 425 3.44 11.32 5.47 5.66 4.15 12.39 •OOlt

Object/Animal 2.03 1.53 0.60 1.05 326 2.43 1.35 1.48 11.03 002f

Provoked Phys 3.25 1.87 1.75 1.68 4.75 1.86 2.10 2.35 11.69 .OOlf

Initiated Phys 2.73 2.73 0.49 0.75 4.31 221 1.41 126 4.63
19.71

0.04t
.0011

Use of weapon 0.00 0.00 0.04 0.14 026 0.31 0.00 0.00 4.43
9.71

0.051
003J

CAS-T*

Verbal 3.00 2.92 1.% 2.70 5.67 1.79 3.09 2.07 5.31
4.91

^*4- 
© 

©
 

o 
o

Object/Animal 0.58 0.53 022 0.65 1.79 1.00 0.79 0.71 14.96
8.18

.0011

.007f

Provoked Phys 1.01 1.11 0.55 120 2.32 1.44 1.18 1.13 5.90
4.08

•7 
*•- 

<N 
m

 
© 

©
o 

o

Initiated Phys 0.74 1.16 0.43 1.35 220 1.55 122 1.07 7.37 0.011

'Scores: 0 “not at all”, 1 “just a little”, 2 “pretty much”, and 3 “very much” averaged to get factor score. 

2Based an two five-item subscales derived from the Conners Teacher Rating Scale (Conners, 1969). 

3Scores range from 0 “never”, to 4 “most days”.
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interaction effect (F = .32, d f 1,40, p  = .58). Aggressive boys had significantly higher 

ratings o f initiated aggression than nonaggressive boys, and aggressive girls had 

significantly higher ratings o f provoked aggression than nonaggressive girls. However, 

aggressive boys did not receive significantly greater ratings of initiated aggression than 

aggressive girls. Analysis o f Aggression Involving a Weapon resulted in a significant main 

effect for Gender (F = 4.33, d f 1,40, p  = .05), but not for Aggression Status (F = 3.84, df

1,40, p  = 057). A significant interaction effect (F = 9.71, d f 1,40, p  = .003), reflected 

greater use o f weapons in aggressive boys than in nonaggressive boys, with no use of 

weapons reported in either aggressive or nonaggressive girls.

Results o f the two-way factorial analysis o f the CAS- T differed from those o f the 

parent version in that significant main effects were found both for Gender and for 

Aggression Status in three o f the five domains. Analysis o f Verbal Aggression resulted in 

significant main effects for both Gender (F = 5.31, d f 1,38, p  = .03), and Aggression 

Status (F = 4.91, d f 1,38, p  =.03), with aggressive boys rated as more verbally aggressive 

than all other groups, but significantly greater than nonaggressive girls only. Aggressive 

girls and nonaggressive boys were rated as nearly equal in verbal aggression. There was 

no significant interaction effect (F = .964, df 1,38, p  = .33). Analysis of Aggression 

Against Objects and Animals produced significant main effects for Gender (F = 14.26, df

1,37, p  = .001) and Aggression Status (F = 8.18, d f 1,37, p  = .007), but no significant 

interaction effect (F = 1.98, d f 1,37, p  = . 17). Aggressive boys showed significantly 

greater levels o f aggression against objects and animals than all other groups. Analysis of 

Provoked Physical Aggression also resulted in significant main effects for Gender (F =
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5.90, df 1,38, p  = .02) and Aggression Status (F = 4.08, df 1,38, p  = .05), but no 

significant interaction effect (F = .787, d f 1,38, p  = .38). Provoked physical aggression 

was significantly greater in aggressive boys than in nonaggressive girls only. Initiated 

Physical Aggression analysis produced a significant main effect for Gender (F = 7.37, df

1,38, p  =.01), but there was no main effect for Aggression Status (F = 2.31, df 1,38, p  = 

.14), and no significant interaction effect (F = .717, d f 1,38, p  = .40). Initiated physical 

aggression was greater in boys than girls. There were no teachers who reported having 

knowledge of children’s use o f weapons.

Family History Distinctions

The relationship o f family psychopathology to the expression o f aggression in 

children was investigated in this study through parent interviews assessing problem areas 

including aggressive and antisocial behaviors, internalizing symptoms, substance abuse, 

ADHD, cognitive impairment and psychotic symptomatology. Data for siblings were not 

included in this study because most siblings were below the age o f risk for many o f the 

domains assessed. Data were obtained for 91 parents, 160 grandparents and 261 aunts 

and uncles for a total o f 512 first and second degree relatives.

Two-way analysis o f variance (ANOVA) of the incidence of first and second 

degree relatives with a history of Internalizing difficulties produced a significant main 

effect for Gender (F = 6.84, d f 1,42, p  = .01), with greater prevalence of internalizing 

difficulties reported in the families o f boys than in the families o f girls. There was no main 

effect for Aggression Status (F = 2.50, df 1,42, p  = . 12), nor interaction effect o f Gender 

x Aggression Status (F = . 155, df 1,42, p  =.70). There were no other significant findings
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based upon measures o f family psychopathology including all first and second degree 

relatives, although incidence o f cognitive difficulties approached significance for 

Aggression Status (F = 3.85, d f 1,42, p  =.056). Although just short of significance, 

nearly twice the incidence o f antisocial behavior was reported in the fathers o f aggressive 

boys as compared to the fathers o f aggressive girls (F = 3 .99, d f 1,42, p  =.052). Thus, 

gender differences were found in just one symptom domain (Internalizing disorder) when 

all family members were included, and in antisocial behavior among fathers (see Table 4). 

In all other domains assessed, influence o f family history o f psychopathology upon 

aggressive behavior was not found to be statistically significant and did not differentially 

influence aggressive behavior in girls and boys.

Percentage o f 1st and  2nd Degree Relatives W ith History of Disorder
Aggressive
Girls

Nona**
Girls

Aggressive
Boys

Nooagg
Boys

F ratio Si*.

Antisocial Behavior 
(Father’s)

0.12 0.15 0.23 0.12 3.99 0.052

Tnfprnali7ing 0.17 0.08 027 0J22 6.84J 0.01

Cognitive Difficulties 0.10 0.09 0.19 0.06 3.85 0.056
J  Gender Main Effect

Dimensional assessment o f family history of psychopathology, using Pearson 

product-moment correlation, showed that by parent ratings (CBCL - Delinquency), 

delinquent behavior among boys was positively correlated with a family history of 

aggressive behavior ( r  = 0.65, p  = 0.001), antisocial behavior ( r = 0.50, p  = 0.02), and 

that both CBCL - Delinquency and CBCL - Aggression were positively correlated with a 

family history o f cognitive difficulties ( r = 0.50, p  = 0.02; r  = 0.60, p  < 0.01,
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respectively). Among the girls, CBCL- Aggression was positively correlated with a family 

history o f ADHD ( r  = 0.46, p  = 0.03) and Thought Disorder ( r = 0.52, p  = 0.01), 

whereas CBCL - Delinquency was positively correlated with a family history of 

Internalizing Disorder ( r  = 0.42, p  = 0.05). Teacher ratings o f aggression (IOWA- 

Aggression) and conduct problems (IOWA-Conduct) significantly covaried with family 

psychopathology only among the girls, with higher ratings of girl’s aggression and conduct 

problems covarying with greater incidence o f Thought Disorder among family members ( 

r = 0.45, p  = 0.03; r  = 0.42, p  = 0.05, respectively). Thus, the general trend in 

dimensional analysis was for increased aggression in boys to be associated with a family 

history o f aggressive/antisocial behavior and cognitive difficulties. In contrast, aggression 

in girls was more closely associated with ADHD, Thought Disorder and Internalizing 

Disorder.

Demographic Distinctions

An assessment o f the child’s home environment was obtained through interviews 

with parents ascertaining the following: number of family members living in the child’s 

home; parents’ marital status; amount o f contact child had with parents; educational, and 

job status o f parents.

General Loglinear Analysis o f categorical variables was used to examine 

differences among aggressive behavior, gender and home environmental variables (see 

Table 5). Overall, fewer children were reared in dual-parent homes (28.3%) than in 

single parent homes. There was a significant interaction effect for Aggression Status x 

Marital Status (x2 = 13.22, p  = 0.04) and Gender x Marital Status (x2 = 12.44, p  = 0.05).
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Aggressive boys had the lowest incidence (9.1%) of dual-parent homes, and aggressive 

girls had the highest (45.5%).

Table 5. Demographic Information in Aggressive and Nonaggressive Girls and Boys
Age 7-10 years

% Total 
Sample

% Aggressive 
Girls

% N onA ff 
Girls

% Aggressive 
Boys

% NooAgg 
Boys

Marital Stains

Married 283 45.5 25.0 9.1 333

Not Mamed 71.7 54.5 75.0 90.9 66.7

Paternal Contact

Daily 35.4 41.7 333 25.0 41.7

Weekly- No Coatact 64.6 583 66.7 75.0 583

Maternal Contact

Daily 85.1 91.7 91.7 63.6 91.7

W eekly-No Contact 14.9 83 83 36.4 83

Paternal Education

H.S. Grad or > 81.1 100.0 80.0 66.7 77.8

< H.S. Education 18.9 0.0 20.0 333 223

Maternal Education

U S. Grad or > 78.0 100.0 833 50.0 80.0

< H.S. Grad 22.0 0.0 16.7 50.0 20.0

Paternal Employment

Employed 62.2 87.5 30.0 44.4 90.0

Unemployed 37.8 12.5 70.0 55.6 10.0

Maternal Employment

Employed 43.2 45.5 25.0 30.0 72.7

Unemployed 56.8 54.5 75.0 70.0 273

The potential influence of marital status on children’s behavior was assessed using 

independent samples t-tests of parent ratings of delinquency (CBCL-Delinquency) and 

teacher ratings o f conduct problems (IOWA - Conduct). Among the boys, being raised in
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single-parent families was associated with significantly higher parent ratings o f 

delinquency ( / = 2.75, p  — 0.01) compared to boys raised dual-parent homes. In 

contrast, teachers rated boys from dual-parent homes as having greater conduct problems 

than boys from single-parent homes (t = 2.16, p  = 0.04).

Three measures o f paternal influence in the home environment were examined. 

Among the girls and boys in this study, less than half (35.4%) had daily contact with their 

father. Of these children, aggressive boys had the least opportunity for interaction with 

their father, followed by nonaggressive girls (33.3%) and aggressive girls and 

nonaggressive boys (41.7% for each). There was a significant interaction effect for 

Aggression Status x Gender x Father’s Education Level (x2 = 19.69, p  = 0.003). 

Aggressive boys had the highest incidence o f fathers with less than high school education 

(33.3%), while aggressive girls had the highest incidence o f lathers with high school or 

better education (100%). Dimensional analysis using Spearman rank order correlation, 

showed a tendency for less education among the fathers to covary with higher rates o f 

CBCL - Delinquency (rs = - 0.44, p  =  0.06) and CBCL-Aggression ( rs = - 0.38, p  = 0.11), 

among the boys only.

There was also a significant interaction effect for Father’s Employment Status x 

Aggression Group (x2 — 14.45, p  = 0.03). 62.2% o f fathers in this sample were employed. 

The highest rates o f employment were found among nonaggressive boys (90%) and 

aggressive girls (87.5%). The lowest rate o f employment was found in fathers of 

nonaggressive girls (30%). Using independent samples /-tests, father’s employment 

status ( /  = 2.10, p  = 0.05) was found to be significant, relative to parent ratings o f girl's
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aggression (CBCL-Aggression). Higher rates o f father’s employment was associated with 

higher rates o f aggression among the girls, but not among the boys.

Mother’s frequency o f contact with child, education and job status were also 

examined using General Loglinear Analysis. There was a significant interaction effect for 

Aggression Status * Gender * Mother’s Frequency o f Contact (x2 = 29.10, p  <001). 

14.9% of the sample had less than daily contact with their mother, and o f those children 

having infrequent contact with their natural mother, aggressive boys (36.4%) had the least 

contact compared to all three other groups (8.3% for each). Mother’s level o f education 

was also found to be associated with aggression status and gender. There was a 

significant interaction effect for Aggression Status * Gender * Mother’s Education (x2 = 

21.40, p= .002). The mothers o f 22% of the children in this sample had less than a high 

school education. Aggressive boys had the greatest incidence of low-education-status 

maternal parent (50%), compared to 20% for nonaggressive boys, 16.7% for 

nonaggressive girls, and 0% incidence in aggressive girls. While 56.8% o f the mothers of 

children in this sample were unemployed, there were no significant differences regarding 

maternal employment status.

The number of family members living in a household was examined using two-way 

factorial analysis o f variance (ANOVA). Analysis o f the total number o f children living in 

a household did not result in main effects for Aggression Status (F = 0.59, p  = 0.45) or 

Gender (F = 1.9, p  = 0.18). However, there was a significant interaction effect for 

Aggression Status * Gender (F = 8.47, p  = 0.006), reflecting significantly more children in 

households of aggressive boys than aggressive girls. Similarly, analysis o f the total
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members o f a household did not produce significant main effects for Aggression Status (F 

= 0.32, p  = 0.57) or Gender (F = 0.04, p  = 0.85), but there was a significant interaction 

effect for Aggression Status * Gender (F = 4.31,/? =0.04), reflecting more family 

members per households o f aggressive boys.

Dimensional assessment o f family adversity using Pearson product-moment 

correlation, showed that among the boys, a greater number o f children per household was 

associated with higher parental ratings o f aggression ( r  = 0.41, p  = 0.05). (See summary 

of correlational data below, Table 6.)

Tables. Correlations of Behavioral Ratings with Cognitive Measures, Family Psychopathology 
and Family Adversity.

Parent Ratings Teacher Ratings

Variable r V ariable r Variable r Variable r

C nvnitive M easnres*
cfFSIQ/PIQ -0 .45  
□"Reading - 0.69 

? Spelling - 0.42 
Fam ilv PsvchODathoIoev*

cfFSIQ 0.40

cflnattention -0 .5 2 cflnattention -0 .5 2

a*Aggressive 0.65 
cfA ntisodal 0.50 
□"Cognitive 0.50 

9 Internalizing 0.42

Fam ilv A dversity*

□"Cognitive 0.60 

9 ADHD 0.46 

9 Thought Dx 0.52 9 Thought Dx 0.42 9 Thought Dx 0.45

cf F ather’s - 0.44 
Education

cf# A dults -0 .49

cf F ather’s 
Education 

cf # C hildren 
9  # Adults

0.38

0.41
0.47 9 # Adults 0.51

c? In  boys only; ?  In girls only; * p  <.05

However, higher parental ratings o f delinquent behavior covaried with having fewer 

numbers o f adults per household ( r  = -0.49, p  = 0.02). In contrast to boys, whose greater
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behavioral difficulties were associated with single-parent homes, among the girls, both 

parent ( r  = 0.47, p  = 0.02) and teacher ( r  = 0.51, p  = 0.01) ratings of aggression were 

positively correlated with a larger total number o f adults per household. Thus, the general 

trend of associations is for increased circumstances o f adversity in the home environment 

to be associated with higher rates o f aggression among boys only.

Neurobiological Distinctions

Central 5-HT function in prepubertal children was assessed by measuring the 

prolactin (PRL) response to fenfluramine (FEN) challenge. While experimental stringency 

would suggest conducting separate FEN and placebo challenges in all children in this 

study, in adults (Coccaro et al., 1989; McBride, Anderson, Hertzig, Sweeney, Kream, et 

al., 1989), adolescents (Stoff et al., 1992), and children (Halperin et al., unpublished data), 

studies indicate that PRL does not change in response to placebo challenge. To ensure 

that the PRL response in girls in this study was directly related to the administration of 

FEN, a subsample of girls (N = 9) was administered both active and placebo challenges.

As shown in Figure 4, FEN caused a significant increase in PRL relative to placebo. 

Placebo did not result in a significant elevation in PRL, as compared to baseline, at a any 

time point. Two-way (Time * Drug) repeated measures analysis o f variance yielded 

significant main effects for Time (F = 6.56, d f 6, 48, p  < .001), Drug (F = 9.03, df 1,8, p  

= .017), and a significant Time * Drug interaction (F = 8.61, df 6, 48, p  <.001). Further
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PR L R e s p o n s e  to  P la c e b o  v. Fenfluram ine
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Figure 4. PRL response to 1 mg/kg FEN and Placebo in 9 girls (7 - 
10-year-olds).

placebo challenges were not conducted as they would have added significantly to the time 

commitment required o f the children and their families, and to the discomfort o f the child.

Prior to assessing the PRL response to FEN challenge, it was important to 

determine whether any groups differed with regard to absorption and metabolism o f 

fenfluramine. Changes in plasma fenfluramine and its active metabolite norfenfluramine 

were analyzed using three-way mixed analysis o f variance conducted with two between 

group variables (Gender and Aggression Status) and one within group variable (Time). 

Analysis of plasma fenfluramine (Figure 5) produced a significant main effect for Gender 

(F = 4.23, df 1,34, p  = .047), reflecting higher plasma fenfluramine levels for girls 

compared to boys over all 5 time points post fenfluramine administration. There was no 

significant main effect for Aggression Status (F — 0.14, d f 1,34, p  = .71). There was a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



72

Fenfluramine Levels
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Figure 5. Fenfluxam ine levels in  children. (Aggressive girls N = 9;
nonaggressive girls N=10; aggressive boys N = 9; nonaggressive boys N = 10).

significant main effect for Time (F = 168.65, df 4, 136, p  < 001), but no interaction effect 

for Gender * Aggression Status x Time (F = .31, df 4,136, p  = .87).

Analysis o f plasma norfenfluramine (Figure 6) resulted in a significant main effect 

for Time (F = 245.93, d f 4, 136, p  <001) and an interaction effect for Aggression Status 

x Time (F = 2.81, df 4,136, p  =.028) accounted for by a consistently lower level o f 

plasma norfenfluramine in aggressive boys and girls compared to nonaggressive boys and 

girls which was significant at the fourth time point post-FEN. There were no interaction 

effects for Gender x Time (F = .77, df 4, 136, p  = .54) or Gender x Aggression Status * 

Time (F = .82, df 4, 136, p  = .52). There were no main effects for Gender (F = .68, d f 1, 

34, p  = .41), Aggression Status (F = 3.09, df 1,34, p  = .09) or Gender x Aggression 

Status interaction (F = 1.10, d f 1,34, p  = .30).
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Norfenfluramine Levels
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Figure 6. Norfenfluramine levels in children. (Aggressive girls N=9; 
nonaggressive girls N=10; aggressive boys N=9; nonaggressive boys 
N=10).

Prolactin response to fenfluramine challenge as a function o f gender and 

aggression status, was analyzed with medication, an index of the subjects’ plasma 

fenfluramine/norfenfluramine levels, as a covariate (Figure 7). Three-way mixed analyses 

of variance were conducted, with two between group variables (Gender and Aggression 

Status) and one within group variable (Time). There were no main effects for Gender 

(F = .23, d f 1,33, p  = .64) or Aggression Status (F = .00, d f 1,33, p  = .95) and no 

interaction effect for Gender x Aggression Status (F =  . 18, df 1,33, p  = .67). There was a 

significant main effect for Time (F = 5.05, d f6, 203, p  <.001), but there were no 

significant interaction effects for Gender x Time (F = 1.00, d f6,203, p  >42), Aggression 

Status x Time (F = 1.45, d f6, 203, p  >. 19), nor Gender x Aggression Status x Time 

(F = 1.11, d f6, 203, p  >35).
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Prolactin Response to Fenfluramine
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Figure 7. Prolactin response to I mg/kg fenfluramine in children. (Aggressive girls 
N = 9; nonaggressive girls N = 10; aggressive boys N = 9; nonaggressive boys N = 10)

Peak A PRL response to FEN was examined using a two-way analysis o f 

covariance (ANCOVA) (Aggression Status x Gender) controlling for peak medication 

(Table 7). There were no significant main effects for Aggression Status (F = .057, df

Table 7. Comparison of Biological Measures

Aggressive Girls Nonaggressive Girls Aggressive Boys Nonaggressive Boys 
_________________ (N= 9)___________ (N = 10)___________ (N = 9)_____________(N =  10)

Variable X s.d. X s.d. X s.d. X s.d.

Prolactin

Baseline
(ngftni)

5.38 1.64 5.79 2.39 5.18 1.10 520 1.39

Peak (ng/ml) 22.63 13.80 20.01 10.49 17.81 5.24 20.72 8.11

Peak A (ng/ml) 17.26 13.23 14-23 9.01 12.63 4.48 15.52 8.40

Peak Medication 93.44 16.47 91.60 14.34 80.44 16.61 91.30 17.61
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1,2, p  = .81), Gender (F = .04, df 1,2, p  = .84) or Aggression Status x Gender (F = .491, 

df 1,2, p  = .49). Thus, FEN-induced prolactin secretion did not vary significantly as a 

function of gender or aggression status.
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Discussion

Aggression and violence have a tremendously negative impact upon society, 

inflicting severe financial cost and human suffering. The term aggression comprises a 

complex array of interdependent behaviors which have internal and external environmental 

influences. Although violent behavior is most commonly associated with males, recent 

data indicate that aggression and violence perpetrated by juvenile females have steadily 

increased at a rate greater than that in male juvenile offenders (Snyder & Sickmund,

1996). Furthermore, considerable data suggest that aggression in males and females is 

manifested differentially, such that males engage primarily in overt physical aggression, 

whereas females more often engage in indirect relational aggression. Yet, the literature 

examining neurologic, cognitive, psychosocial and family correlates of aggressive behavior 

have focused almost exclusively on male samples, leaving unexamined the question as to 

whether aggressive behaviors in females have similar correlates.

This dissertation was designed to assess gender differences in neurobiologicaL, 

cognitive, behavioral and psychosocial correlates o f aggression in prepubertal girls and 

boys. Overall, the results indicate that most factors which have previously been found to 

characterize aggressive boys were bom out by the findings o f this study. However, the 

patterns underlying aggressive behaviors in the girls were often quite different.

Cognitive Findings

Neuropsychological assessment revealed several gender differences with regard to 

aggressive behavior. Most notably, there was a significant Gender x Aggression 

interaction for Verbal IQ (VIQ). Relative to their non-aggressive counterparts, aggressive
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boys had lower VIQ scores, but aggressive girls had higher VIQ scores. The finding o f 

lower VIQ in aggressive boys is consistent with a sizeable literature indicating lower 

verbal abilities in a wide array o f aggressive male samples. However, in contrast, the 

aggressive girls in this sample showed no evidence of verbal or language-related 

deficiencies. Consistent with this finding in the verbal domain, aggressive boys, but not 

aggressive girls, were characterized by deficits in most academic areas. Notably, there 

was some degree of selectivity o f cognitive deficits in that the groups did not differ in 

Performance IQ (PIQ).

Several investigators have hypothesized causal links between behavioral 

disturbance and learning problems in children. These hypotheses variously suggest that 

either early learning and language problems result in increased behavioral disturbance as 

the child experiences greater failure in school, or that behavioral disturbance interferes 

with learning and leads to academic underachievement. Robins (1991) suggests that both 

behavioral disturbance and school failure develop from poor cognitive functioning, while 

others, who consider bidirectional models to be inadequate in explaining the complexity of 

behavior and learning, posit reciprocal, multifactorial causal models (Ohman &

Magnusson, 1987).

The results of this study suggest that the relationship between aggression and 

learning is different across the genders. Whereas previous hypotheses have attempted to 

link chronic academic M ure and heightened aggressive behavior in boys, this link has 

been less apparent in girls. The findings from this study do not support a causal 

relationship between academic failure and aggressive behavior in girls. However, the
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classification of aggressive and non-aggressive behavior in this study was based upon 

parent reports. It is noteworthy that unlike the aggressive boys, the aggressive girls in this 

study, were not perceived as extremely aggressive by their teachers. The behavioral 

disturbance of aggressive girls in this sample was less apparent in the classroom setting 

and may therefore be less likely to  impact on the acquisition of verbal/academic skills. It 

may also be that among the girls, aggressive behaviors are not integral with academic 

difficulties, and do not share a common etiology. Aggressive girls in this sample appear to 

have better-developed verbal skills. This may lead to more socially manipulative 

aggressive behaviors, while boys’s verbal limitations may heighten a general level of 

frustration, and lead to more overt physical confrontation. This hypothesis is consistent 

with prospective data indicating higher school achievement as well as higher career 

orientation in verbally aggressive girls compared to physically aggressive girls (Puikkinen, 

1992). Cluster analysis of the prospective data suggested that girls’ aggressiveness may 

have combined with school problems or been apart from them, but only in the former case 

was girls’ aggressive behavior predictive of negative outcomes..

Continuous Performance Tests of impulsivity, dyscontrol and inattention showed 

significantly greater impulsivity and dyscontrol (fidgetiness) among boys compared to girls 

in this group, with aggressive boys having the highest impulsivity scores (nearly 2 standard 

deviations above the norm). It is this striking difference between behavioral control and 

normal verbal intelligence versus extreme impulsivity and cognitive impairment which 

clearly differentiated the aggressive girls from the aggressive boys. This is consistent with 

research suggesting that language is an underlying variable in both disruptive behavior

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



79

problems and academic underachievement (Hinshaw, 1992). Verbal skills have long been 

held to organize and mediate behavior (Luria, 1959; 1961; Vygotskii, 1962). Children 

with language processing difficulties may be at a significant disadvantage in controlling 

impulsive, disruptive behaviors. A study o f language impairment and behavioral 

characteristics in psychiatrically disturbed children showed that 52.6% of the sample met 

criteria for language impairment (Cohen, Davine, Horodezky, Lipsett, & Isaacson, 1993). 

Those children who had previously undiagnosed language impairments, were rated as 

having the most serious problems with aggression and delinquency. Whereas the behavior 

of the impulsive/aggressive boys in this study sample may reflect deficits in the verbal 

domain, the controlled/aggressive girls appear to utilize their language skills to develop 

and implement strategies to navigate their social and academic environment.

Familv History Findings

Family history o f psychopathology in first and second degree relatives did not 

support the hypothesized greater incidence o f aggression/antisocial behavior among the 

family members o f aggressive girls as compared to  aggressive boys. Although just short 

of significance, when examined in fathers alone, antisocial behavior was found to be higher 

among fathers o f aggressive boys compared to fathers o f aggressive girls. The relative 

absence o f psychopathology among the total sample o f first and second degree relatives 

of aggressive children in this study is inconsistent with evidence of high rates o f antisocial 

behavior among relatives o f aggressive children (Biederman et al, 1987; Frick et al, 1992). 

This lack o f a difference may have been due to the limitations o f sample size.

Additionally, in many cases, the parent who provided family history data often expressed
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difficulty in giving an accurate and thorough report o f the family history of an absent 

spouse, as well as information specific to the spouse. Thus, it is probable that pertinent 

data are missing from the family history o f pathology.

Familv Adversity Findings

The data examining the association o f home environment with aggressive 

behaviors supported the hypothesis o f more frequent occurrence o f adverse home/family 

environmental factors among aggressive boys as compared to aggressive girls and 

nonaggressive girls and boys. Aggressive boys were most often reared in single parent 

households, had mothers and fathers with less education than parents o f other children in 

this study, and had the least contact with their natural mother. Aggressive boys were also 

found to be living in homes having more children per household than other children in this 

study. In sharp contrast, aggressive girls were most often reared in dual-parent 

households, had mothers and fathers with the most education, and were living in homes 

with the fewest children per household. The findings in aggressive girls of family 

environmental advantage relative to other children in this study are difficult to interpret. 

The advantages that they share -  more intact families, better educated parents, and less 

competition for resources (fewer siblings) may reflect unknown sampling characteristics. 

Among the aggressive girls, 4 out o f twelve were from communities outside of the 

metropolitan New York City area, compared to 1 child among the nonaggressive girls, 

and none among aggressive and nonaggressive boys. From this perspective, it is possible 

that community characteristics uniquely influenced fin d in g s o f family environmental 

stability among aggressive girls.
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It is also possible that, as compared to girls who are clinically-referred for non- 

aggressive psychiatric problems (as were the non-aggressive children in this study), 

aggressive girls have more advantageous environmental backgrounds. Further, It may be 

that, unlike in boys, psychosocial adversity leads to internalizing difficulties in girls. 

Without having a normal control group it is difficult to determine whether the aggressive 

girls in this study were truly “advantaged,” or whether they came from “average” homes. 

Serotonergic Findings

Examination of gender differences in serotonergic function did not support the 

hypothesis that prepubertal aggressive girls would have a greater FEN-induced PRL 

response than aggressive boys and thus does not support a gender-differentiated 

serotonergic responsivity. As compared to placebo, FEN generated a significant increase 

in plasma PRL levels. However, the magnitude o f the PRL increase did not differ as a 

function o f aggression or gender, and there was no gender by aggression interaction.

The cumulative literature of recent years which examines serotonergic function in 

preadolescent boys, as well as information from the larger data set from which boys for 

this study were drawn, suggest that no systematic differences in 5-HT function distinguish 

aggressive from nonaggressive boys. Some studies have found evidence of reduced 

serotonergic function in aggressive boys (Kruesi et al. 1990; 1992), others have found 

evidence o f increased serotonergic function in aggressive boys (Castellanos et al. 1995; 

Halperin et al. 1994; Pine et al. 1997), and still others have found no differences between 

aggressive and non-aggressive boys (Halperin et al. 1997; StofF et al. 1992).

Consequently, at this time, the question o f increased (or decreased) 5-HT function in
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aggressive girls and boys is a less relevant question. More importantly, in view of the 

consistent findings of low 5-HT function in aggressive animals and adult males, the 

significance o f varying levels o f 5-HT function in children needs to be uncovered. 

Preliminary analyses raise the possibility that among aggressive children, low 5-HT 

function may have prognostic significance since, in boys, it is associated with increased 

familial risk for aggressive/antisocial behavior (Halperin et al. 1997). Exploration of this 

hypothesis, which would require subgroup analyses, are not possible given the small 

sample in this study.

Among girls, as compared to boys, central 5-HT function may uniquely co-vary 

with neurohormonal influences throughout development to mediate behavioral responses. 

An imbalance in the 5-HT-neurohormonal relationship in girls may result in a relatively 

broad spectrum o f age-related behavioral disorders. Thus, it may be important to 

prospectively examine 5-HT function among aggressive, non-aggressive and normal 

control groups of girls, rather than to focus on gender-related differences in 5-HT 

function.

Limitations of Research

The primary limitation o f this research is the small sample size, which not only 

limited statistical power, but also precluded post-hoc subgroup analyses. The limited 

sample size is attributable to two factors. First, the invasive nature o f the neuroendocrine 

challenge makes recruitment for such studies quite difficult. While the challenge does not 

pose significant risk to the children, many parents are reluctant to have their child take a 

non-therapeutic medication (i.e., fenfluramine) and many children do not want to undergo
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the needle-stick required for the blood draws. In addition, the low clinic referral rate of 

aggressive girls contributed to the difficulty in gathering a larger research sample. While 

there was no difficulty in finding aggressive boys, prepubertal girls who meet criteria for 

significant aggression are difficult to find.

Another important limitation related to the nature o f the sample studied. It is often 

stated that children drawn from clinical settings are not representative of children in the 

general population (Goodman et al., 1997), but are more impaired, less competent, and 

more likely to have comorbid disorders. In this study, the high incidence of DBDs in 

aggressive girls and boys and nonaggressive boys, as well as a significantly greater 

incidence of Generalized Anxiety Disorder among aggressive girls and Separation Anxiety 

among aggressive boys, is consistent with the higher comorbidity associated with clinically 

referred populations.

Thus, population-based, epidemiological samples are frequently preferable for 

studies of disorders among youth. However, it is extremely difficult (if not impossible) to 

conduct this type of biological research in an epidemiologically valid sample. Families of 

non-referred children, to whom there is little benefit in their participation, will not enroll in 

studies requiring the administration of medicine on serial blood draws. Furthermore, the 

lower incidence o f identified disruptive antisocial behaviors among females in the general 

population would necessitate initial screening of thousands o f female subjects. Therefore, 

the findings o f this research should be interpreted with the caveat that they may not 

generalize to all aggressive and non-aggressive girls and boys in the population. This 

difficulty is particularly evident in the cognitive and psychosocial findings in this study,
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where the aggressive girls seemed to have advantages over the other groups.

Nevertheless, the sample in this study is likely to be representative of families seeking 

clinical treatment, and as such may have important clinical implications. It has been 

suggested that behaviorally disruptive and aggressive girls get referred for evaluation and 

treatment earlier than their male counterparts. While this may represent a socio-culturai 

bias or intolerance toward such behaviors in female children, it may indicate unique 

problems within the family that lead to referral, and may not, in fact, indicate true 

aggression in the child. However, ratings of children’s aggression by parent, also hold up 

by teacher ratings, although aggression is characterized differently.

Group placement and identification of aggressive behavior was also a thorny issue 

in conducting this research. Unlike research in adults, where patients are the informants, 

valid self-reports are difficult to obtain from children. As an alternative in this study, 

parent ratings of aggression on the CBCL were used for group placement o f aggressive 

and nonaggressive girls and boys. It is difficult to know the extent to which the 

perceptions of the parents reflect true aggression in their children. The widely 

acknowledged discordance between parent and teacher ratings o f aggression ratings was 

seen in this study, with parents more consistently rating children as aggressive. While 

teachers were consistent in their ratings of aggressive boys, there was more variability in 

their assessment o f aggressive girls, rating them as similar to nonaggressive boys in verbal 

and provoked aggression.

Future Research Directions

Significant cognitive differences between girls and boys were found in this study.
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An exceptionally high level o f impulsivity combined with poor verbal abilities 

differentiated the aggressive boys from self-controlled, intellectually competent aggressive 

girls. Further investigation o f this outcome is important in understanding the behavioral 

similarities, differences and underlying mechanisms of aggression in girls and boys. 

Prospective studies of gender similarities and differences in aggressive and antisocial 

behaviors, encompassing the peripubertai, adolescent and early adult years, are necessary 

to document developmental course and long-term outcome. Community-based samples, 

including aggressive, nonaggressive and normal controls should be recruited to minimize 

possible error due to sampling characteristics. The assessment of aggression should be 

expanded to include indirect, relational aggression, in addition to physical aggression. 

Additionally, determination o f aggression status should be validated by parent, teacher and 

clinician ratings, as well as by peer nominations. Neuropsychological testing of working 

memory, shifting sets, impulsivity and problem solving, as well as tests o f social skills, 

would contribute to a clearer understanding of the cognitive abilities and deficits in 

aggressive children and adolescents. Importantly, the development of age and gender- 

specific criteria to facilitate longitudinal studies is an integral and necessary part of future 

investigative work.

Summary and Conclusions

As initially hypothesized, the data presented in this study are consistent with the 

literature indicating that aggressive boys are characterized by overt, physical aggression, 

cognitive difficulties, and family adversity. However, in girls, aggressive behavior 

manifests very differently. Aggressive girls were not impulsive, were cognitively and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8 6

academically competent, and did not experience similar levels o f family adversity. Thus, it 

is likely that there are different underlying determinants for aggression in girls and boys. It 

is also suggested that aggressive behavior in girls is not unidimensional. It is likely, 

therefore, that long-term outcome may differ not only across genders but also among girls 

whose manifestations o f aggression require differential diagnosis and treatment strategies.
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Appendix A

List o f Terms

ADHD Attention Deficit/Hyperactivity Disorder

CAS-T/P Children’s Aggression Scale- Teacher and Parent Versions

CBCL Achenbach Child Behavior Checklist - 1991

CD Conduct Disorder

CPT Continuous Performance Test

DBD Disruptive Behavior Disorders

DD Dysthymic Disorder

DISC Diagnostic Interview Schedule for Children

FEN Fenfluramine

5-HT Serotonin

5-HIAA 5-hydroxyindoleacetic acid; metabolite o f serotonin

IOWA-CTQ Iowa Conners Teacher Questionnaire

MDD Major Depressive Disorder

NOR-FEN Norfenfluramine; metabolite o f fenfluramine

OAD/GAD Overanxious Disorder o f Childhood/Generalized Anxiety Disorder

ODD Oppositional Defiant Disorder

PRL Prolactin

SAD Separation Anxiety Disorder

WIAT Wechsler Individual Achievement Test

W ISC-m Wechsler Intelligence Scale for Children - IE
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Appendix B

Fenfluramine Challenge Procedure

Neurotransmitters such as serotonin influence the hormonal regulation of 

secretions in the hypothalamic-pituitary-adrenal axis (HPA). Serotonin is thought to 

modulate prolactin (PRL) release, secreted from the anterior pituitary via neuronal 

projections from the dorsal raphe nuclei (Van de Kar & Bethea, 1982). While PRL is 

primarily under tonic dopamine inhibitory control via D A2 receptors on the pituitary 

lactotrophs (Tuomisto & Mannisto, 1985), 5-HT is stimulatory and was thought to act 

indirectly since there are no 5-HT receptors on the pituitary lactotrophs (Lamberts & 

MacLeod, 1978). The stimulatory effect of 5-HT on the release of PRL in the HP A has 

led to assessment o f central serotonergic function through peripheral hormone measures.

The prolactin response to pharmacological challenge with di-fenfluramine 

hydrochloride (Pondimin), which brings about a dose dependent increase in plasma PRL, 

has been used as an indirect method for evaluating central serotonergic activity. 

Fenfluramine (FEN) enhances serotonergic transmission by stimulating release of 

endogenous serotonin from the presynaptic neuron and by blocking serotonin reuptake 

(Borroni, Ceci, Garattini, & Mennini, 1983; Garatinni, Mennini, & Samanin, 1987) and 

serotonin’s active metabolite norfenfluramine directly stimulates 5-HT receptors. The 

PRL response to fenfluramine was proposed as reflecting the functional status o f both pre- 

and postsynaptic serotonergic neurons, providing a measure of net serotonergic 

responsivity in the hypothalamic-pituitary axis (Quattrone, DiRenzo, Schettini, Tedeschi,

& Scopacasa, 1978). For many years, d,l-fenfluramine was considered the most specific
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serotonergic probe (Cowen & Anderson, 1985). It was later shown, however, that it also 

causes the release o f noradrenaline and dopamine, although at doses higher than those 

affecting 5-HT (Invemizzi, Bereta, Garatiimi & Saminin, 1986). D-fenfluramine is a more 

5-HT-specific agent, lacking the catecholamine effects of racemic d, 1-fenfluramine. Data 

indicate, however, that the effects o f d, 1-fenfluramine and d-fenfluramine on prolactin 

release are virtually identical (Coccaro, Kavoussi & Hauger, 1994). Indirect stimulation 

o f post synaptic receptors via increased hypothalamic release o f serotonin (Van de Kar, 

1991) and direct activation o f postsynaptic receptors by serotonin’s active metabolite 

norfenfluramine (McCann, Hatzidimitriou, & Ricaurte, 1996) have both been proposed as 

serotonergic mechanisms mediating FEN-induced PRL release. Studies have variously 

implicated 5-HT1A (Aguilar, RanchaL, Aguilar, & Pinilla, 1993; Palazidou, Stephenson, 

Butler, Coskeran, Chambers & McGregor, 1995), 5-HT2 (Goodall, Cowen, Franklin & 

Silverstone, 1993; Park & Cowen, 1995), S-H T^ ( Lacau-Mengido, Libertun & Becu- 

Villalobos, 1996), and 5-HT2C (Lacau-Mengido et al., 1996; McCann, Hatzidimitriou & 

Ricaurte, 1996) receptors.
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