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Objective: The purpose of this study was to determine whether aggression and seroton-
ergic dysfunction are related in the absence of a history of suicidal behavior. Although se-
rotonergic dysfunction has been implicated in aggressive and impulsive behavior, most
studies of such behavior have included individuals with a history of suicide attempts. Low
concentrations of CSF 5-hydroxyindoleacetic acid (5-HIAA) have been consistently associ-
ated with suicidal behavior, presenting a potential confound in the link between aggression
and serotonergic dysfunction. Method: The authors examined the association between ag-
gression and CSF 5-HIAA concentrations in a group of 64 patients who had different DSM-
IlI-R axis | diagnoses and no past suicidal behavior. Aggressive (N=35) and nonaggressive
(N=29) groups were defined by a median split on a six-item history of adulthood aggressive
behavior. Results: The aggressive group had significantly lower CSF 5-HIAA concentra-
tions than the nonaggressive group. Aggressive individuals also scored significantly
higher on self-report measures of hostility, impulsiveness, and sensation seeking. CSF 5-
HIAA concentrations, however, did not correlate with self-reported hostility and impulsivity.
Conclusions: There is an association between aggressive behavior and serotonergic dys-
function independent of suicidal behavior in patients with axis | disorders who exhibit rela-
tively milder forms of aggressive behavior. Analogous to findings with suicidal behavior, a
low concentration of CSF 5-HIAA is related to aggressive behavior but does not show the

same relationship to the continuum of aggressive feelings and thoughts.

(Am J Psychiatry 2000; 157:609-614)

Aggressive behavior is a complex phenomenon, and
both psychosocial and biological factors have been im-
plicated as determinants (1-8). With respect to biol-
ogy, a low concentration of the serotonin metabolite 5-
hydroxyindoleacetic acid (5-HIAA) has been found in
the CSF of violent and aggressive individuals (3-5, 7,
8). Brown et al. (3, 4) were the first to identify an in-
verse correlation between CSF 5-HIAA concentration
and a lifetime history of aggression in individuals with
personality disorders. A similar relationship between
aggression and low CSF 5-HIAA concentrations was
subsequently reported for impulsive murderers (7), ar-
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sonists (8), and individuals who committed infanticide
(9). This relationship was further substantiated in a
follow-up study in which recidivists were found to
have lower levels of CSF 5-HIAA concentrations than
nonrecidivists (10). Using prolactin response to fenflu-
ramine as a measure of central serotonergic function,
Coccaro et al. (11, 12) reported an association be-
tween measures of aggression and impulsiveness and a
blunted prolactin response.

Taken together, these findings support the impor-
tance of altered central serotonergic function in impul-
sive, aggressive, and violent behavior. However, find-
ings of more recent studies are at odds with earlier
findings in reporting either higher levels of CSF 5-
HIAA in aggressive individuals (13, 14) or the absence
of a relationship between aggression and serotonergic
functioning (12, 15). Thus, the role of serotonin in ag-
gressive behavior remains unclear. Furthermore, al-
though CSF 5-HIAA may be a factor in aggression, the
importance of other biological and psychosocial vari-
ables must be considered.
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Central serotonergic dysfunction has been linked
consistently to suicidal behavior. More than 20 studies
have reported low concentrations of CSF 5-HIAA in
suicide attempters with a range of diagnoses, making
this one of the strongest findings in biological psychia-
try (11, 16). Suicide attempters have also been found
to have a blunted prolactin response to fenfluramine
(11). Consistent with antemortem findings, many post-
mortem studies have shown reduced density of cortical
serotonin transporter sites and greater density of corti-
cal postsynaptic serotonin 5-HT14 and 5-HT4 recep-
tors in suicide victims (17-20). Thus, altered central
serotonergic function is clearly associated with suicidal
behavior.

Given the frequency of suicidal behavior in individu-
als with a history of aggression, the relationship be-
tween suicidality and central serotonergic dysfunction
may obscure the association between serotonin and ag-
gression. Therefore, an examination of the relationship
between aggression and serotonergic function should
require exclusion of individuals with a history of sui-
cidal behavior. The importance of this strategy is un-
derscored by the findings of Brown et al. (3, 4), who
noted that CSF 5-HIAA concentrations were lowest in
those individuals with both suicidal and aggressive be-
havior. Studies examining the relationship between im-
pulsive aggressive behavior and CSF 5-HIAA have in-
cluded samples in which 30%-80% of the subjects had
a history of suicidal behavior (7, 8, 15). Other reports
(12, 21) did not indicate the presence or absence of
past suicidal behavior. Therefore, results of such stud-
ies regarding the relationship between CSF 5-HIAA
and aggression may be explained, in part, by the inclu-
sion of suicidal patients.

With respect to diagnosis, most previous studies of
aggression and serotonergic dysfunction have exam-
ined a single diagnostic group, usually subjects with
personality disorders (3-5, 12, 14, 15). Furthermore,
these studies included individuals with more severe dis-
orders who displayed frequent and serious forms of ag-
gression such as arson and homicide, thus limiting the
generalizability of their findings. Aggressive behavior
is present in many diagnostic groups, including sub-
jects with schizophrenia and mood disorders (22, 23);
consequently, any biochemical abnormality associated
with aggression is more meaningful if it is independent
of diagnosis. Therefore, in the present study, we ex-
cluded subjects with a history of suicidal behavior and
included a cross-section of patients with axis I diag-
noses who exhibited less serious forms of aggressive
behavior than usually studied, such as arguments with
work supervisors, occasional physical fights, or prop-
erty assaults.

In the present study, we hypothesized that 1) aggres-
sive behavior is associated with reduced central sero-
tonergic function in individuals who do not have a his-
tory of suicidal behavior, 2) this association exists in
individuals with milder and less frequent aggressive be-
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havior, and 3) the relationship between aggressive be-
havior and serotonergic dysfunction is present in a di-
verse diagnostic group.

METHOD

Subjects

Sixty-four psychiatric patients participated in the study after giv-
ing their written informed consent. The study was approved by the
institutional review board at our facility. All patients underwent a
physical examination and standard laboratory tests to rule out con-
traindications to participation. Exclusion criteria included a history
of at least one suicide attempt; a diagnosis of current alcohol or sub-
stance abuse; a cognitive disorder that interfered with the patient’s
ability to effectively answer clinician-administered and self-report
rating scales; a history of head trauma resulting in coma; mental re-
tardation or other significant cognitive impairment; and physical
conditions precluding a lumbar puncture. Patients who had been re-
ceiving medications affecting the central nervous system entered a
drug-free period of at least 14 days before the lumbar puncture was
performed.

All patients had been admitted to a psychiatric inpatient unit and
had a DSM-III-R diagnosis of 1) schizophrenia or schizoaffective
disorder, 2) major depressive or dysthymic disorder, or 3) bipolar
disorder.

Diagnostic and Behavioral Assessment

Patients were assigned DSM-III-R diagnoses following interviews,
with a trained clinician, that included the Schedule for Affective Dis-
orders and Schizophrenia (SADS) (24), the Schedule for Interviewing
Borderlines (25), and a clinical interview to obtain the information
required to convert Research Diagnostic Criteria diagnoses to DSM-
III-R diagnoses. Raters were trained to an acceptable level of reliabil-
ity by using videotaped assessments. Interrater reliability for the pri-
mary diagnosis was high (kappa=0.90).

Aggression was assessed by using a six-item semistructured inter-
view, modified from the scale of Brown et al. (3), evaluating the his-
tory of aggressive behavior in adulthood. Childhood and adolescent
aggressive behaviors were excluded. The behaviors included 1) phys-
ical fights, 2) assaults on people, 3) assaults against property, 4) dif-
ficulty in getting along with supervisors at work, 5) antisocial behav-
ior involving the police, and 6) antisocial behavior that did not
involve the police. Each item was rated on a frequency scale of 0 to
3 on which 0=the behavior never occurred, 1=the behavior occurred
once, 2=the behavior occurred two to three times, and 3=the behav-
ior occurred four or more times. The possible total score on the scale
ranged from 0 to 18. Aggression history raters were blind to diagno-
sis, and interrater reliability was acceptable (r=0.82).

The Buss-Durkee Hostility Inventory (26) served as a measure of
self-assessment and included eight subscales: assault, irritability, re-
sentment, indirect hostility, negativism, suspiciousness, verbal hostil-
ity, and guilt. The history of a past suicide attempt was ruled out by
reviewing the material from the SADS, the Schedule for Interviewing
Borderlines, a clinical interview, and a semistructured interview that
specifically questioned each individual regarding a history of a pre-
vious suicide attempt.

Impulsiveness was assessed by the nine-item impulsivity subscale
of the Schedule for Interviewing Borderlines, which primarily mea-
sures nonaggressive impulsive behavior such as overspending, gam-
bling, and impulsive sexual behavior (25), and by the Zuckerman
Sensation Seeking Inventory (27), which includes four subscales:
thrill and adventure seeking, experience seeking, disinhibition, and
boredom susceptibility.

Additional measures of psychopathology included the Brief Psy-
chiatric Rating Scale (BPRS) (28), which assesses psychotic symp-
toms, the Hamilton Depression Rating Scale (29), and the Hamilton
Anxiety Rating Scale (30).
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TABLE 1. Demographic and Diagnostic Characteristics of 35 Aggressive and 29 Nonaggressive Patients With DSM-III-R Axis | Di-

agnoses and No History of Suicidal Behavior?

Aggressive Patients

Nonaggressive Patients

Characteristic (N=32-35) (N=27-29) Analysis
N % N % X2 df p
Male gender 23 66 12 41 3.79 1 0.05
Race 5.24 3 n.s.
White 21 59 19 66
Black 13 38 6 21
Hispanic 2 3 1 3
Other 0 0 3 10
High school degree or higher education 28 79 24 83 0.11 1 n.s.
Diagnostic group 2.52 3 n.s.
Schizophrenia/schizoaffective 18 50 9 31
Major depression/dysthymia 13 38 14 48
Bipolar disorder 4 12 6 21
Mean SD Mean SD t df p
Age (years) 35.3 11.1 37.2 125 <1.00 62 n.s.
Height (cm) 171.3 9.7 168.4 11.0 1.39 59 n.s.
Number of psychiatric hospitalizations 3.2 3.9 1.9 2.2 1.63 57 n.s.

2 Numbers are reduced for some analyses because of missing data.

Lumbar Puncture and Determination of CSF 5—-HIAA Level

The lumbar puncture was performed between 8:00 a.m. and 10:00
a.m., following a night of supervised bed rest and a fast of at least 8
hours. Before the lumbar puncture, patients were in bed in a prone
position. The lumbar puncture was carried out under sterile condi-
tions by a research psychiatrist using a fine-gauge (20 G) spinal nee-
dle, with the patient lying in a left lateral knee-chest position. CSF
samples were consistently obtained from the space between the third
and fourth lumbar vertebrae because 5-HIAA levels vary according
to the site of lumbar punctures (31). Eighteen ml of CSF were col-
lected in three aliquots of 2 ml, 15 ml, and 1 ml. The 15-ml aliquot
was centrifuged (750 g for 5 minutes) and divided into 1-ml aliquots.
All aliquots were stored at —80°C until assayed.

CSF 5-HIAA levels were determined in one of the 1-ml aliquots
from the 15-ml sample by using high performance liquid chromatog-
raphy with electrochemical detection (32). The coefficient of vari-
ance for 5-HIAA was 2.8% for the intraassay variability and 6.0%
for the interassay variability.

Data Analysis

Patients were divided into aggressive and nonaggressive groups by
a median split on aggression history scores. The aggressive group con-
sisted of individuals with an aggression score equal to or greater than
the median; the nonaggressive group had scores below the median.

The groups were compared on demographic, behavioral, psycho-
pathological, and biological measures by using two-tailed Student’s t
tests or chi-square analysis, where appropriate. Group differences
were tested at the p<0.05 level. In an effort to attenuate the overall
type I error rate, we did not compare groups on subscale scores un-
less total scale scores were significantly different. Mean CSF 5-HIAA
levels were compared by using a two-tailed Student’s t test; an anal-
ysis of covariance (ANCOVA) with gender and height as covariates
was also performed. The effect of diagnosis on CSF 5-HIAA levels
and on aggression history scores was assessed by using a one-way
analysis of variance.

RESULTS

The mean lifetime aggression history score of the to-
tal group of patients (N=64) was 2.9 (SD=2.5, me-
dian=3.0). Using a median split, we defined aggressive
patients as those with a score of 3.0 or higher and the
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nonaggressive patients as those with scores less than
3.0. Given that the possible range of scores was 0-18,
the aggressive group, with a mean score of 4.7 (SD=
1.8), clearly committed aggressive acts that were rela-
tively mild and infrequent.

The demographic and diagnostic characteristics of
the study participants are summarized in table 1. The
aggressive and nonaggressive patients did not differ in
age, height, race, educational level, number of psychi-
atric hospitalizations, or diagnostic category, but the
aggressive group had a higher proportion of men
(66%) than the nonaggressive group.

When mean CSF 5-HIAA levels of the two groups
were compared, the aggressive group was found to
have significantly lower CSF 5-HIAA concentrations
(93.5 pmol/ml, SD=36.2) than the nonaggressive
group (116.6 pmol/ml, SD=40.3) (t=2.07, df=62, p<
0.05). Means for men and women in each group are
presented in figure 1. To determine whether the associ-
ation between levels of CSF 5-HIAA and aggression in
the present study group could be attributed to sex and/
or height, we performed an ANCOVA using sex and
height as covariates. The difference in CSF 5-HIAA
levels remained significant (for the aggressive patients,
adjusted mean=95.0 pmol/ml, SD=37.9; for the nonag-
gressive patients, adjusted mean=114.7 pmol/ml, SD=
38.1) (F=3.90, df=2, 57, p=0.05). With respect to diag-
nosis, neither CSF 5-HIAA levels (F=2.24, df=2, 59,
n.s.) nor aggression history scores (F=1.13, df=2, 59,
n.s.) differed across diagnostic categories.

Self-report measures of behavioral and emotional ag-
gressiveness, hostility, impulsivity, and overall psycho-
pathology are summarized in table 2. The aggressive
group had significantly higher overall levels of hostility
as measured by the Buss-Durkee inventory. When we
examined the subscales of this measure, the aggressive
group scored significantly higher on assaultiveness, in-
direct hostility, verbal hostility, and negativism sub-
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FIGURE 1. CSF 5-HIAA Levels of 35 Aggressive and 29 Nonag-
gressive Patients With DSM-III-R Axis | Diagnoses and No His-
tory of Suicidal Behavior
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2 For men, mean=88.0 pmol/ml (SD=34.1), and for women, mean=
103.9 pmol/ml (SD=10.9) (t=—1.26, df=33, n.s.). Horizontal line
represents group mean.

bFor men, mean=102.3 pmol/ml (SD=36.2), and for women,
mean=121.0 pmol/ml (SD=43.4) (t=—1.23, df=27, n.s.). Horizontal
line represents group mean.

scales. The aggressive group also had nonsignificantly
higher scores on the irritability and resentment sub-
scales. In examining other measures, we found that the
aggressive individuals scored significantly higher on the
Zuckerman Sensation Seeking Inventory, which could
be attributed to the subscales of thrill/adventure seek-
ing, disinhibition, and boredom susceptibility. The ag-
gressive patients also obtained higher scores on the im-
pulsiveness subscale of the Schedule for Interviewing
Borderlines.

With regard to other forms of psychopathology
(table 2) there were no significant group differences in
Hamilton depression and anxiety scale scores, but the
aggressive patients scored higher on the BPRS. When
the BPRS subscales were analyzed, only the hostility/
suspiciousness scores differed between groups. This
scale consists of three items: hostility, uncooperative-
ness, and suspiciousness. This finding is consistent
with the higher scores of the aggressive group on the
Buss-Durkee subscales of hostility and negativism. The
difference in total BPRS scores between the two groups
seems to reflect group differences in the degree of hos-
tility rather than psychotic symptoms. Thus, although
the groups differed on aggression-related measures,
they did not differ in overall psychopathology mea-
sures unrelated to aggression. Interestingly, although
CSF 5-HIAA levels were lower in the aggressive group,
these levels did not correlate with hostility as measured
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by the Buss-Durkee inventory (r=0.06, df=59, n.s.), the
Zuckerman Sensation Seeking Inventory (r=0.07, df=
60, n.s.), or the Schedule for Interviewing Borderlines
impulsivity subscale (r=—0.02, df=44, n.s.). This rein-
forces the idea that aggressive acts, rather than aggres-
sive thoughts and feelings per se, are related to altered
serotonergic functioning.

DISCUSSION

The results of the present study indicate that ag-
gressive behavior exhibited by patients with axis I
disorders who have no history of suicide attempts is
related to altered serotonergic function. We found
that aggressive behavior was associated with lower
concentrations of CSF 5-HIAA in a diagnostically
heterogeneous patient population. Further, patients
with higher levels of aggressive behavior and lower
concentrations of CSF 5-HIAA were found to be
more impulsive than their counterparts with lower
levels of aggression.

The present study extends previous research that ex-
amined aggression and CSF 5-HIAA concentrations by
controlling for the effect of suicidal behavior and by
studying patients who did not exhibit more severe
forms of aggressive behavior such as homicide and ar-
son. The finding of an association between aggressive
behavior and low CSF 5-HIAA levels is consistent with
the finding of several previous reports of a similar rela-
tionship in individuals with personality disorders (3,
4), impulsive violent offenses (5), and a history of ar-
son (8). In earlier studies, aggressive patients with per-
sonality disorders who had low CSF 5-HIAA also had
a history of suicidal behavior (3, 4). Furthermore, the
majority of impulsive violent offenders (5) and arson-
ists (8) also had a history of suicide attempts. Thus, it
has been difficult to determine the extent to which al-
terations in serotonergic function are related to sui-
cidal behavior, aggression, or both. On the basis of our
findings, it appears that aggression may be related to
serotonergic dysfunction independent of a history of
suicidal behavior, which is consistent with a previous
report of arsonists who had never attempted suicide
and showed significantly lower concentrations of CSF
5-HIAA than a control group (8).

Our findings are at odds with those of Coccaro et al.
(12), who reported a lack of association between CSF
5-HIAA and aggressive behavior. There are several pos-
sible reasons for these discrepant findings. First, our
study excluded a history of suicide attempts, whereas
Coccaro et al. (12) did not. Second, we are studying
somewhat different patients. Coccaro et al. (12) studied
patients with personality disorders and excluded the
more severe axis [ disorders. Our study group included
patients with serious axis I disorders such as schizo-
phrenia and bipolar disorder. It is possible that the pres-
ence of an axis I disorder potentiates the relationship
between serotonergic dysfunction and lesser forms of
aggressive behavior. Limson et al. (33) supported this
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TABLE 2. Psychopathology Measures for 35 Aggressive and 29 Nonaggressive Patients With DSM-III-R Axis | Diagnoses and No

History of Suicidal Behavior?@

Score
Aggressive Patients Nonaggressive Patients
(N=32-35) (N=27-29) Analysis
Measure Mean SD Mean SD t df p
Buss-Durkee Hostility Inventory
Total 36.3 12.7 26.6 11.7 3.06 59 <0.01
Subscales
Assaultiveness 4.3 23 3.0 25 215 59 <0.05
Indirect hostility 4.6 2.2 2.6 18 3.18 59 <0.001
Verbal hostility 7.1 2.2 4.9 2.8 3.46 59 <0.001
Negativism 25 14 1.8 1.3 206 59 <0.05
Irritability 5.6 3.0 4.3 25 1.87 59 <0.10
Resentment 4.1 2.4 3.0 2.1 190 59 <0.10
Suspiciousness 3.9 2.3 3.2 2.8 1.17 59 n.s.
Guilt 4.9 2.4 3.9 2.3 162 59 n.s.
Schedule for Interviewing Borderlines impulsivity subscale® 13.6 4.6 10.9 1.9 258 44 <0.01
Zuckerman Sensation Seeking Inventory
Total 16.4 7.5 11.0 5.6 3.15 60 <0.01
Subscales
Thrill/ladventure seeking 4.9 3.0 3.0 25 267 60 <0.01
Disinhibition 3.8 25 23 18 279 60 <0.01
Boredom susceptibility 3.2 2.4 1.8 1.9 256 60 <0.01
Experience seeking 4.6 2.0 4.0 21 1.22 60 n.s.
Hamilton depression scale 19.3 8.8 17.2 10.7 <1.00 62 n.s.
Hamilton anxiety scale 26.2 6.4 24.0 7.3 1.26 62 n.s.
Brief Psychiatric Rating Scale
Total 43.9 10.6 37.1 8.9 271 61 <0.01
Subscales
Hostility/suspiciousness 25 0.9 2.1 0.7 228 61 <0.05
Anxiety/depression 3.2 0.8 2.8 11 159 61 n.s.
Anergia 1.9 0.7 1.8 1.0 <1.00 61 n.s.
Thought disturbance 2.4 1.2 1.9 11 1.72 61 n.s.
Activation 21 11 1.6 0.6 189 61 n.s.

2 Numbers are reduced for some analyses because of missing data.
b Completed by 46 patients.

notion by suggesting that the strength of the correlation
between CSF 5-HIAA level and behavior weakens as
we move from pathological to more normal subjects.
Alternatively, when aggressive behavior is an aspect of
an enduring personality pattern, other causative factors
may be important.

In the present study, the aggressive group showed
more 1mpulsweness than the nonaggressive diagnostic
comparison subjects. This finding is consistent with
previous reports of an association between central se-
rotonergic dysfunction and impulsiveness and aggres-
sion (4, 5, 8, 10). The fact that aggressive behavior is
related to serotonergic dysfunction, independent of
suicidal behavior, plus the fact that aggression and sui-
cide are associated with each other, suggests that the
two behaviors may also have a common behavioral de-
nominator, such as impulsiveness, which is associated
with a common biological correlate (34).

Nonhuman primate studies have also found a rela-
tionship between low CSF 5-HIAA concentrations and
impulsive aggression. A propensity for aggression has
been found in domestic dogs who have lower seroton-
ergic activity (35). Since animals may be presumed to
be free from major psychiatric disorders, animal stud-
ies demonstrate the generalizability of the relationship
between lower serotonin activity and impulsive aggres-
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sion and support our conclusion that the relationship
is independent of suicidal behavior.

Aggression, like suicidal behavior, is not restricted to
a single diagnostic category (22), and the present study
examined this behavior in a diagnostically heteroge-
neous group of psychiatric patients. By doing so, we
have shown that the association between aggression
and low CSF 5-HIAA concentrations is not restricted
to personality disorders alone but can be generalized to
include a spectrum of diagnoses, such as depression,
bipolar disorder, and schizophrenic disorders.

In conclusion, the present study shows that aggres-
sion is associated with reduced central serotonergic
function independent of suicidal behavior. Our find-
ings suggest that impulsive aggression may be treatable
by pharmacological manipulation of the serotonergic
system. However, the relationship between serotoner-
gic dysfunction and aggression does not diminish the
importance of psychological and environmental fac-
tors as additional determinants of aggressivity. Fur-
thermore, other neurotransmitters that may be impor-
tant remain to be studied.
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