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Suicidal behavior has neurobiological determinants independent of the psychiatric illnesses with
which it is associated. We have found that some patients with major depression are vulnerable to acting on suicidal impulses. This vulnerability results from the interaction between triggers or precipitants and the threshold for suicidal behavior. An important factor in setting an individual’s threshold
for acting on suicidal impulses is brain serotonergic function. Serotonin function has been shown to be
lower in suicide attempters by studies measuring serotonin metabolites in cerebrospinal fluid and
studies of prolactin response to fenfluramine. Postmortem studies of suicide victims also reveal decreased serotonin activity in the ventrolateral prefrontal cortex. New neuroimaging paradigms, such
as positron emission tomography (PET), offer an opportunity to visualize serotonin function in vivo in
a more direct way than has previously been available. This technology may provide the possibility of
timely therapeutic intervention in patients at high risk for suicide.
(J Clin Psychiatry 1999;60[suppl 2]:7–11)
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uicide is the cause of death for 30,000 people per
year1 in the United States and is a frequent outcome
of major psychiatric disorders.2 Between 10% to 15% of
patients suffering from depression or schizophrenia commit suicide.2 In the last 20 years, there has been increasing
evidence that suicidal behavior has strong neurobiological
determinants. Understanding the neurobiology of suicide
will ultimately yield clinical tools to treat suicidal behavior and prevent deaths.
A MODEL FOR UNDERSTANDING
SUICIDAL BEHAVIOR
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We studied a group of 100 depressed patients who had a
mean of 3 episodes of major depression across a mean
time period of 12 years.3 Approximately half the patients
had made a previous suicide attempt, and half the patients
had never made a suicide attempt. The group with a life-

time history of suicide attempts had made a mean of 2.9
suicide attempts. Thus, this group seemed to have a predisposition toward suicide attempts. In contrast, the other
group was resistant to suicidal acts despite having the
same illness for the same duration.
We used survival analysis to examine the relationship
of the first suicide attempt to the onset of the first episode
of major depression. This analysis yielded a survival
curve that is steepest at the beginning of the illness, suggesting that most of the individuals in the vulnerable
group made a suicide attempt early in the course of illness. Therefore, in our findings, suicide attempts are not a
result of despondency due to recurrence of depressive
episodes. Rather, persons who are at risk for suicide tend
to make an attempt relatively early in the course of their
illness.
Thus, one may formulate a model of suicidal behavior
that can be regarded as a stress diathesis or triggerthreshold model. Based on this model, risk factors are categorized in terms of belonging to one of these two domains. For example, the trigger domain comprises most
of the clinical features that psychiatrists who evaluate suicidal patients focus on, such as acute psychiatric illness,
substance abuse, adverse life events, or a family crisis. In
the threshold domain, there are risk factors that receive
less attention from psychiatrists, including genetics, personality disorders, and alcoholism. Furthermore, all these
risk factors may be interrelated. We suggest that a patient
must have at least one major risk factor from each domain
to be at high risk for suicide. One factor is not enough to
result in suicidal acts, which explains why some psychiat7
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ric patients attempt or complete suicide, and yet others
with the same illness do not.
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Triggers for Suicidal Behavior
The most powerful predictor of risk for a future attempt
is a past history of suicide attempt.4 Many features of the
risk factors in the trigger category that clinicians might expect to suggest imminent suicidal behavior do not distinguish suicide attempters from nonattempters. For example,
the objective evaluation of the severity of the illness, many
of the specific components of psychopathology, and life
events are all poor discriminators of individuals who have
a history of a suicide attempt versus those who do not.3
Therefore, these features are often poor predictors of who
is at risk for attempting suicide in the future.
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The Threshold for Suicidal Behavior
Traits are enduring characteristics of a patient and are
related to the threshold for acting on suicidal thoughts.
Attempters are distinguished from nonattempters by specific traits and by a family history of suicidal behavior.5,6
These traits include more frequent comorbid borderline
personality disorder,3,7,8 comorbid substance abuse, comorbid alcoholism,9,10 and greater lifetime aggression and lifetime impulsivity in attempters than in nonattempters.11 Impulsivity—which may be defined as the rapidity and
probability of acting on powerful feelings—suicidal behavior, and aggression have a well-recognized interrelationship.11 Specific behaviors or disorders such as addictive and appetitive disorders, which have an association
with aggression and impulsivity, also are associated with
suicidal behavior.12–15 High impulsivity lowers the threshold for acting on feelings and can be manifested as self-directed or externally directed aggression. Thus, triggers for
suicidal acts or aggression interact with the threshold in an
individual and result in aggressive or suicidal behavior.

scribed above. About two thirds of the studies that looked
at suicide attempters versus nonattempters found that suicide attempters have low levels of CSF 5-HIAA. However,
about one third of the published studies do not confirm this.
In the studies that do find an association between suicide
attempts and low CSF 5-HIAA levels, about two thirds of
the attempters have low levels of CSF 5-HIAA compared
with the nonattempters, of whom only one third has low
levels of CSF 5-HIAA levels. Thus, there is considerable
overlap in the biochemistry of serotonin in attempters and
nonattempters. One of the factors that appears to determine
whether or not CSF 5-HIAA is low is the lethality or severity of the attempt. The more lethal the attempt, the lower
the level of CSF 5-HIAA. This negative correlation between lethality and CSF 5-HIAA also is seen in adolescents
with major depression (Greenhill L, Shaffer D, Mann JJ,
unpublished data, 1998). CSF 5-HIAA is low in serious
suicide attempters even when the presence of a psychiatric
illness such as major depression is controlled for and patients are studied in a drug-free, controlled environment.17
Low CSF 5-HIAA is also found in suicide attempters with
schizophrenia18,19 and personality disorders20 compared
with patients who have the same diagnoses without a history of suicide attempts. Therefore, the relationship between low CSF 5-HIAA and suicide attempts is a general
one that is found in many different psychiatric disorders. It
is a biobehavioral relationship that is independent of—or
in addition to—the neurobiology of specific psychiatric
disorders.
A similar relationship exists between CSF 5-HIAA and
severity of lifetime aggression. Goodwin, Brown et al.21–24
have found that the greater the severity of the lifetime aggression, the lower the level of CSF 5-HIAA. This relationship has also been found in nonhuman primates.25,26
The more aggressive and impulsive the nonhuman primates are, the lower the level of CSF 5-HIAA.27 This same
relationship holds true for pathologically aggressive dogs
that have lower levels of CSF 5-HIAA compared with normal, nonaggressive dogs.28 Thus, phylogenetically, this relationship between the behavioral trait of impulsive aggression and CSF 5-HIAA is widely found, and CSF
5-HIAA is a biological variable related to lifetime patterns
of behavior.
As would be expected from a biochemical trait, CSF
5-HIAA can also predict future behavior. During the 12
months after hospital discharge, patients who had low levels of CSF 5-HIAA had a higher rate of completed suicide
compared with patients who had higher levels of CSF
5-HIAA.4 Low CSF 5-HIAA also predicts future impulsive aggression and has been found to predict impulsive
homicide in murderers released from prison.29 Hence,
amongst impulsive criminals, low CSF 5-HIAA predicts
future impulsive criminality, and amongst individuals who
have made a suicide attempt, low CSF 5-HIAA predicts
the risk of future suicide.
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Clinical Studies
There have been 18 studies that have looked at serotonin function by assaying 5-hydroxyindoleacetic acid
(5-HIAA), the major metabolite of serotonin, in the cerebrospinal fluid (CSF) in patients with major depression (see
reference 16 for a review). The biological profile that has
emerged from these studies fits the model we have de8
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The association of impulsivity with externally directed
aggression, suicidal behavior, and substance abuse raises
the possibility of common etiologic and predisposing factors. There is evidence for a common substrate in similar
neurobiological correlates of suicidal acts and impulsive
aggression.
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NEUROBIOLOGICAL FINDINGS
IN SUICIDAL BEHAVIOR
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The prolactin response to fenfluramine is another index
of serotonin responsivity. Fenfluramine causes the release
of serotonin and induces serotonin reuptake inhibition.
The release of prolactin by fenfluramine is via the action
of serotonin on specific serotonin receptors. Although depressed patients in general have a blunted prolactin response to fenfluramine,30 this blunting is mostly explained
by factors other than the presence of major depression.
One of those factors is a history of a highly lethal suicide
attempt.31 Men and women with a history (often many
months or years in the past) of a very lethal suicide attempt
retain a blunted prolactin response compared with individuals with major depression but no history of a very lethal suicide attempt.31 Thus, using a completely different
index of serotonergic function, the relationship between a
reduced level of serotonergic activity and a past history of
suicidal behavior holds true. That is, the more lethal the
suicidal behavior, the more blunted is the serotonin function. Furthermore, this blunting of serotonergic function is
also independent of how long ago the suicidal behavior
was manifested.31 Such a long-term relationship is characteristic of a biological trait related to a behavioral trait.
Just as was reported for CSF 5-HIAA, a similar relationship exists between the level of lifetime externally directed hostility or aggression and a blunted prolactin response to fenfluramine.32 Serotonergic function, which has
been shown in nonhuman primates to have trait-like qualities because it is relatively stable over time,33 is associated
with past and future suicidal acts. It is also associated with
past and future aggression.
Factors that influence serotonergic activity may be
relevant for suicidal behavior. For example, genetic factors
affect the risk for suicide independently of genetic factors
related to psychiatric illnesses that cause suicidal thoughts
and feelings.34 Genetic factors may affect suicide risk
by contributing to the threshold for acting on suicidal
thoughts. Genetic modulation of serotonergic activity may
be one way in which the effect of genetics on suicide risk
is mediated.35 Sex is another factor in suicide risk that may
be mediated by serotonin. Women are at lower risk for suicide than men1 and have been reported to have higher levels of CSF 5-HIAA or serotonergic activity than men. 36,37
The relationship between cholesterol levels and suicidal
behavior may be mediated through serotonergic functioning as well. In nonhuman primates, low cholesterol diets
result in lower serotonergic activity and more aggression.38,39 Low cholesterol levels in humans are associated
with higher suicide rates, perhaps due to lower serotonergic activity, although an effect of cholesterol on serotonergic activity has yet to be shown in man.40
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Postmortem Studies
Another approach to understanding the neurobiological
substrate for suicidal behavior is by the postmortem examination of the brain from suicide victims. By examining
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coronal sections through the prefrontal cortex of the human brain, we can observe the anatomical distribution of
serotonin receptors.41 Serotonin transporter sites are densest in medial, less dense in ventral, and least dense in dorsal and dorsolateral prefrontal cortex. Serotonin transporter binding is one index of serotonin nerve terminal
input into, or innervation of, cortical areas.42 Comparison
of suicide victims with controls who have died from other
causes, regardless of the diagnosis, reveals a reduction in
binding to the serotonin transporter sites in certain locations in the brain.41 This reduction is most pronounced in
the ventral prefrontal cortex and is not detectable in the
dorsal prefrontal cortex.41,43
One of the most studied postsynaptic serotonin receptors is the 5-HT 1A receptor. The 5-HT 1A receptor is evenly
distributed across prefrontal cortical areas,41 but across
cortical layers it is mainly localized to layer 2. A comparison of suicide victims and controls indicates that there is
an increase in the number of these postsynaptic receptors
in suicide victims.41,44–46 The increase in 5-HT1A receptor
binding is also mainly in ventral cortical areas. In fact,
there is an inverse relationship between the number of
5-HT1A receptors and the number of serotonin transporter
sites, which suggests a reciprocity in the way the two systems are regulated. A lack of neurotransmitter is often associated with a compensatory increase in postsynaptic receptor number. There may be less serotonin input to the
ventral prefrontal cortical area of suicide victims, as indicated by fewer transporter sites. Therefore, the increase in
5-HT1A receptor binding may be secondary to reduced serotonergic innervation. Thus, although serotonin neurons
project all over the brain, the specific projection to the
ventral prefrontal cortex may be deficient. Of note, these
studies demonstrate a biochemical finding that is independent of psychiatric diagnosis. It is present in suicide victims with major depression as well as in those with other
psychiatric conditions.46,47
These studies of serotonin receptors raise the question
of the function of the ventral prefrontal cortex. Some information is available from examining regional glucose
metabolism with positron emission tomography (PET) in
murderers compared with nonmurderers.48 These studies
found a significant reduction in the resting glucose metabolism in the prefrontal cortical areas of murderers, highlighting the potential importance of this brain region in
regulating behavior. In addition, there is considerable neuropsychiatric literature on the role of the ventral prefrontal
cortex in the executive function of behavioral or cognitive
inhibition. A breakdown in this inhibitory role may result
in a greater potential for acting on powerful feelings or impulses such as suicidal ideation or anger. In other words,
the ventral prefrontal cortex may act as a restraint system
underlying the ability to prevent acting on powerful feelings in a destructive way. A weaker restraint system leads
to more impulsive behaviors.
9
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Neuroimaging Serotonergic Function in Vivo
One way of visualizing neurotransmitter systems in the
living brain is by PET. We looked at regional brain glucose
metabolism on a day in which placebo was used and compared it with a day when the individual received fenfluramine.49 The differences in regional glucose metabolism
are due to the effects of fenfluramine. For example, there
are increases in metabolism that reflect increases in neuronal activity owing to the surge of serotonergic activity
caused by fenfluramine.50 There are also areas of decreased activity because serotonin can also activate inhibitory pathways that affect certain neurons and thereby reduce glucose utilization in parts of the brain. These
differences in response by different brain regions due to
serotonergic activity can be mapped statistically. We
found that there is a considerable increase in metabolic activity in the ventral prefrontal cortex in response to fenfluramine. We have already described some structural and
functional data from postmortem studies that suggest that
there are some abnormalities in this cortical area in individuals who manifest suicidal behavior. This is a new approach that may detect defective serotonin input into prefrontal cortex. We are now using PET to examine
neurotransmitters and neuroreceptors in live subjects.
Guided by our findings in suicide victims, these studies
will allow us to understand the neurobiology of suicide
risk in patients. We propose that PET imaging in living
patients of neuroreceptors that are found to be altered in
the brain of suicide victims will enable us to determine
whether the biochemical abnormalities detected after
death in suicide victims can be detected in patients at risk
for suicide while they are still alive. This approach could
create the possibility for timely therapeutic intervention in
patients at high risk for suicide.
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We have described a model that aids in the determination of those who are at risk for suicide. Much of the clinical and biological evidence that we have found reflects a
trait rather than a state. This is not only important theoretically in terms of how to evaluate suicide risk, but also offers special opportunities in terms of prevention and treatment. Detection of high-risk patients should include
evaluation of the threshold for suicidal acts so that treatment interventions can potentially include ways of raising
the threshold for suicidal acts as well as targeting the associated psychiatric disorders.
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