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Could Stress Cause Psychosis in Individuals
Vulnerable to Schizophrenia?

By Cheryl Corcoran, MD, Lilianne Mujica-Parodi, PhD, Scott Yale, MSW,
David Leitman, BS, and Dolores Malaspina, MD, MSPH

ABSTRACT (GABA)2 function, or an integration of abnormal neurotrans-
mission in all three.' Also, disruption of sensory gating1 has
been identified as an endophenotype in SZ and disruptions
in cortical connectivity through abnormal synaptic pruning7'
have been theorized to be key to the disorder.

With these advances in neuroscience, it makes sense to
reevaluate stress as a potential etiologic factor in a host of
disorders, including SZ, since the intricate neurobiology of
the stress cascade has been elucidated by prominent
researchers such as McEwen and Sapolsky. SZ is a hetero-
geneous illness; it is likely that stressful life events and
trauma are neither necessary nor sufficient to cause it. And
if stress does play a role in SZ, it is certainly not specific to
the illness. But it may be that the vulnerability to SZ entails a
sensitivity to the effects of trauma and stressful life events,
and that the stress cascade may in some cases reveal a latent
susceptibility to psychosis and perhaps also contribute to the
cognitive impairments associated with SZ.

In this paper we will (1) describe the basic scientific work
on the neurobiological effects of stress and cortisol; (2) illus-
trate findings that suggest similar mechanisms are at work in
SZ; and (3) evaluate the neurodevelopmental and neuropatho-
logic hypotheses of SZ etiology, with sections on gene-environ-
ment studies, magnetic resonance imaging (MRI) volumetrics,
biologic plausibility, and synaptic pruning hypotheses.

It has long been considered that psychosocial stress plays a
role in the expression of symptoms in schizophrenia (SZ), as it
interacts with latent neural vulnerability that stems from
genetic liability and early environmental insult. Advances in
the understanding of the neurobiology of the stress cascade in
both animal and human studies lead to a plausible model by
which this interaction may occur: through neurotoxic effects
on the hippocampus that may involve synaptic remodeling.
Of late, the neurodevelopmental model of SZ etiology has
been favored. But an elaboration of this schema that credits
the impact of postnatal events and considers a role for neu-
rodegenerative changes may be more plausible, given the evi-
dence for gene-environment interaction in SZ expression and
progressive structural changes observed with magnetic reso-
nance imaging. Furthermore, new insights into nongliotic
neurotoxic effects such as apoptosis, failure of neurogenesis,
and changes in circuitry lead to an expansion of the time
frame in which environmental effects may mediate expression
ofSZ symptoms.

CNS Spectrums 2002;7(l):33-42

INTRODUCTION
Decades ago there was an exploration of the role of life

events and stress as etiologic factors in schizophrenia (SZ).
Many studies found that patients with first-episode psy-
chosis had a preponderance of recent life events as com-
pared with normals. The climate then was to emphasize
psychosocial factors in the development of a number of psy-
chiatric disorders, especially SZ. This too frequently led to
the blaming of families and the labeling of mothers as "schiz-
ophrenogenic." There was an appropriate backlash to this,
with the emergence of activism on the part of patients and
their families to destigmatize mental illness and recognize
psychiatric disorders as medical and biological disorders.

Since then, powerful technologies have been developed to
examine the biological correlates of psychiatric diseases
such as SZ, including structural and functional imaging, elu-
cidation of the human genome, and modeling of pathology in
animals. Evidence has accumulated in support of biological
hypotheses of SZ pathophysiology, such as abnormalities in
dopaminergic, glutamatergic,1 and y-aminobutyric acid

THE STRESS CASCADE: ANIMAL STUDIES
An appreciation of the vulnerability of the hippocampus

to stress arose from the postmortem study of vervet monkeys
who had been caged in overcrowded conditions and who
subsequently died. Upon autopsy, these animals were found
to have extensive cell death in the hippocampus.'1 In experi-
mental conditions, Sapolsky and colleagues'" found similar
neurotoxicity to the hippocampus as a consequence of
severe stress in rodent and primate models, with both necro-
sis and apoptosis observed. McEwen and colleagues"10

expanded upon these findings, noting that across species
less severe but chronic stress led to specific atrophy of api-
cal dendrites in the CA3 region of the hippocampus. This
same atrophy has been demonstrated in other regions of the
hippocampus, specifically CA1 and the dentate gyrus,
although to a lesser degree." There is some evidence that

Dr. Corcoran is research fellow in schizophrenia research, Dr. Mujica-Parodi is assistant professor of clinical psychiatry, Dr. Malaspina is associate
professor of clinical psychiatry, Mr. Yale is project manager, and Mr. Leitman is assistant research scientist, all in the Department of Medical Genetics,
Division of Clinical Neurobiology at Columbia University's New York State Psychiatric Institute in New York City.

Disclosure: This work has been supported in part by the National Alliance for Research on Schizophrenia and Depression.

Acknowledgements: The authors thank Bruce McEwen, PhD, for his contribution to this article.

Please direct correspondence to: Cheryl Corcoran, MD, New York State Psychiatric Institute, 1051 Riverside Drive, New York, NY 10032.
Tel: 212-543-6177; Fax: 212-543-6176; E-mail: cc788@columbia.edu.

Volume 7 - Number 1 • January 2002 33 C N S S P E C T R l l M Shttps:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852900022240
Downloaded from https:/www.cambridge.org/core. Centre Universitaire, on 10 May 2017 at 20:49:40, subject to the Cambridge Core terms of use, available at

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S1092852900022240
https:/www.cambridge.org/core


Feature Article

this specific mechanism may also operate in the amygdala,
but the prefrontal cortex remains unexplored (B. McEwen,
PhD, personal communication, 2000).

This neurotoxic process (the stress-induced atrophy of
dendrites in regions of the hippocampus) was determined
to be mediated through the effects of glucocorticoids, as
high doses of cortisol had the same effects as chronic
restraint stress. McEwen and colleagues12 also found that
pretreatment with a number of agents protected the hip-
pocampus against these toxic effects of stress and corti-
sol. These agents include phenytoin, benzodiazepines,
and, interestingly, tianeptine (a serotonin [5-HT] reuptake
enhancer marketed in France and now available in other
countries, such as Venezuela). Their known pharmaco-
logic actions shed some light on the putative biochemical
mechanisms of stress-induced changes in the hippocam-
pus. As phenytoin blocks glutamate release and antago-
nizes sodium channels, this was thought to be the
mechanism for neurotoxicity, and further studies have
pointed to the role of glutamate."14 Benzodiazepines
likely work through their interactions with GABA recep-
tors. Interestingly, tianeptine blocks toxicity but selective
serotonin reuptake inhibitors do not, implicating 5-HT as
an active factor in stress-induced dendritic atrophy.

Of note, although phenytoin can lower glucocorticoid lev-
els through its activation of metabolizing hepatic enzymes,
this mechanism is unlikely to explain its neuroprotective
effects, as such effects persist even in the context of very high
levels of cortisol. Furthermore, phenytoin likely has a specific
regional protective effect in the brain, as it fails to prevent
stress-induced changes in body weight and adrenal weight, as
well as glucocorticoid-induced reduction of the thymus.

Much of the neurochemistry underlying the neurotoxicity
of stress and glucocorticoids to the hippocampus has been
elaborated. High levels of cortisol accelerate energy loss15 and
inhibit glucose transport,"' causing the hippocampus to be
energetically limited and vulnerable to damage. Excitatory
amino acids, particularly glutamate, accumulate in the
synapse, where they activate glutamate receptors and patho-
logically mobilize free calcium in the postsynaptic neuron.

Of further interest, the neurotoxic effects of stress and cor-
tisol on the hippocampus in rats is reflected in cognitive and
behavioral changes, specifically memory deficits such as poor
maze performance. Under stress, the degree of hippocampal
cell loss in rats is correlated with cognitive deficits: the
degree of impairment in new learning of maze escape behav-
iors is related to the extent of damage to the CA3 region of the
hippocampus.17 These findings, along with neuroanatomic
studies1"1'1 of patients with temporal lobe epilepsy, confirm
that the hippocampus is vital to short-term memory.

THE STRESS CASCADE:
TRANSLATION TO HUMAN STUDIES
Allostasis

Emphasizing translational research, McEwen20 is inter-
ested in studying the implications in humans of his work on

the biologic mechanisms of the stress cascade in animals.
He has coined the phrase "allostatic load" to describe how
an organism changes and adapts to chronic stress.
Allostasis represents a new reorganization and not simply
the maintenance of a condition, which would better be
described by the term "homeostasis." Allostasis is "main-
taining stability through change" and describes adaptation
rather than a return to a set point. Homeostasis describes
factors such as oxygen tension and pH, whereas allostasis
can describe the autonomic nervous system (variations in
heart rate and blood pressure) and hormonal fluctuations in
the hypothalamic-pituitary-adrenal (HPA) axis. The brain
adapts to chronic stress through the interaction of local neu-
rotransmitters and systemic hormones to produce structural
and functional changes, which include the suppression of
neurogenesis in the dentate gyrus and remodeling of den-
drites in the hippocampus. Permanent damage to the hip-
pocampus only occurs when stress overwhelms the
organism's resources for adaptation and stress hormones are
excessive. Synaptic remodeling that results from less severe
stress is in part reversible. Adaptive strategies have a cost to
the body either when they are called upon too often or when
they are inefficiently managed—this is what is meant by
"allostatic load." An association between stress and illness
is not unique to SZ, nor to psychiatric illnesses per se. For
example, psychological stress is associated with relapse or
exacerbation in a variety of medical illnesses, including
ulcerative colitis, genital herpes, asthma, vaginal candidia-
sis, multiple sclerosis, psoriasis, and "tension-type"
headaches.21 A likely model for these illnesses and SZ is
that psychological stress potentiates expression of illness in
individuals who are at risk for illness onset or relapse. That
is, an underlying vulnerability (exposure to infectious
agents, reactive airways, abnormal neural substrate, etc.)
interacts with "allostatic load" to lead to disease expression.

EVIDENCE OF THE STRESS CASCADE
IN HUMAN CONDITIONS

McEwen's work has inspired a number of researchers to
explore whether these elements (stress-^ cortisol-> hip-
pocampal toxicity memory deficits) may play a role in a
number of human conditions, including Cushing's disease,
normal human aging, and psychiatric disorders such as
posttraumatic stress disorder (PTSD), depression, and SZ.
In humans, functioning of the HPA axis may be evaluated in
many ways, including (1) basal serum, salivary, or urinary
levels of cortisol and (2) challenge tests, among the simplest
being the dexamethasone suppression test (DST), which
assesses the negative feedback of the HPA axis by the corti-
costeroid dexamethasone, which normally leads to a lower-
ing of endogenous cortisol levels.

Cushing's disease is a medical condition in humans that is
analogous to the experimental exposure of animals to gluco-
corticoids, as it is marked by high levels of endogenously
released cortisol. In Cushing's disease, hippocampal volumes
are inversely correlated with plasma cortisol levels.22 As in
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other disorders, these reductions in hippocampal volumes are
also correlated with lower scores in verbal memory.

Healthy aging individuals with increasing/high cortisol
levels (measured annually) were found to have impairments
in explicit memory.23 In an analogous study, another group
with increasing/high cortisol was found to have a 14% reduc-
tion in hippocampal volume; the annual rate of cortisol
increase correlated negatively with hippocampal volume.24

Hippocampal size is also inversely related to delayed memory
performance in normal human aging.25

In PTSD, combat veterans have deficits in hippocampus-
dependent memory measures like the Wechsler Memory
Scale and the Selective Reminding Test (these deficits corre-
late with reduction in right hippocampus volume).2627 Adult
survivors of childhood abuse also have similar memory
deficits and decrements in hippocampal size.2"

In depression, an abnormal DST is common and has
been found to be inversely correlated with hippocampal
size.29 Also, in depression, baseline levels of cortisol in the
urine are correlated with cognitive impairment.30 Middle-
aged patients with chronic refractory depression have
smaller hippocampi than do age-matched healthy
controls," and among depressed patients the total lifetime
duration of depression (but not age) correlates with smaller
bilateral hippocampal volumes and lower verbal memory
scores.12 Patients with depression have a statistically sig-
nificant 16% smaller left hippocampus than controls.33

These volumetric studies suggest either that depressive
episodes are toxic to the hippocampus (perhaps through
cortisol) or that individuals with smaller hippocampi are
more vulnerable to developing depression.

Of interest, psychosis is a common phenomenon in the
conditions described above (except of course for normal
human aging) and psychotic symptoms in these conditions
have been linked to serum cortisol levels. For example,
there are case reports of psychosis occurring in Cushing's
disease that remits with lowering of the endogenous hyper-
cortisolemia by treatments such as cortisol receptor antago-
nists, like mifepristone,34-35 and adrenalectomy.36 In fact,
psychosis is the presenting symptom in some cases of
Cushing's disease.37 :w Exogeneous corticosteroid treatment
for a number of disorders, such as asthma40 and inflammatory
bowel disease,41 may also lead to psychosis,4243 which can
likewise remit with lowering of the dose of corticosteroids.40

PTSD, a psychiatric illness defined at least in part by the
occurrence of stress and trauma, has been found to have rates
of psychosis as high as 40%.44 Depressive episodes are fre-
quently accompanied by psychotic symptoms. In fact, a meta-
analysis of 14 studies demonstrated that dexamethasone
nonsuppresssion is significantly more common in cases of
major depression with psychosis than in cases without psy-
chosis.45 Several of the studies reviewed, such as one by
Schatzberg and colleagues,4* found higher levels of cortisol in
major depression with psychotic features. Newer reports con-
firm this finding of significant rates of dexamethasone non-
suppression in major depression with psychosis.47

STRESS AND SCHIZOPHRENIA
These key elements of the stress cascade—stress,

cortisol, hippocampus, and cognition—have all been found
to be abnormal in SZ. Further, associations have been found
among these elements in SZ. Therefore, it is plausible that
the stress cascade plays a role in the expression of SZ.

Stress
An early study found that 46% of 50 patients with acute-

onset SZ had been exposed to stressful life events in the
preceding 3 months as compared to only 14% of 325 con-
trols; the difference was most pronounced in the 3 weeks
leading up to hospitalization.48 A meta-analysis of the litera-
ture showed significantly higher incidence of recent life
events in SZ patients as compared with healthy controls in
43% of all studies reviewed; it was noted that stressors and
severity of symptoms covaried over time in SZ.40

Evidence of an association between life events and SZ
symptoms does not necessarily imply causation. It may be
that simply by virtue of having SZ (or vulnerability to SZ) an
individual is more prone to experience major life events.
However, when patients are their own controls (relapse versus
baseline) or when relapsing patients are compared with non-
relapsing patients, an association of life events and relapse
persists.50"53 A preponderance of life events has been found
in the weeks to months leading up to relapse.5"51 Of interest,
in a prospective study Sachar'4 found that cortisol levels
increased by 250% immediately preceding psychotic exac-
erabation and then decreased to a level between that of pre-
episode and recovery.

Cortisol
Studies demonstrate that diurnal rhythms of cortisol are

disrupted in SZ, with the common finding that cortisol
remains abnormally elevated in the late evening." Basal
cortisol levels have been found to be inversely correlated
with memory and frontal tasks—both for SZ patients and
controls.56 Cortisol regulation is also disrupted in a subset of
patients. A meta-analysis of 46 studies yielded an overall
rate of 26.4% of DST nonsuppression in SZ as compared
with 5% in controls.57 In SZ, DST nonsuppression has been
linked to negative and cognitive symptoms, but not to
depressive symptoms.

The Hippocampus
There is abundant evidence that the hippocampus is

abnormal in SZ. A meta-analysis of 18 studies showed a
bilateral reduction of volume in the hippocampus of 4%.58 A
number of investigators have reported that hippocampal vol-
umes in SZ are inversely correlated with measures of mem-
ory.*'1 Magnetic resonance spectroscopy (MRS) studies
suggest that neuronal integrity is compromised in the hip-
pocampus in SZ, as low A'-acetyl-aspartate (NAA) has been
consistently found.62''3 Positron emission tomography studies
also implicate the hippocampus as a site related to halluci-
nations. M Postmortem studies provide evidence that there is

Volume 7 - Number 1 • January 2002 35 C N S S P K C T R H M Shttps:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852900022240
Downloaded from https:/www.cambridge.org/core. Centre Universitaire, on 10 May 2017 at 20:49:40, subject to the Cambridge Core terms of use, available at

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S1092852900022240
https:/www.cambridge.org/core


Feature Article

synaptic and hence circuitry abnormalities in both the hip-
pocampus and the prefrontal cortex.65 Intriguingly, cognitive
and MRI volumetric assessments of twins discordant for SZ
suggest that hippocampal abnormality is more prevalent in
the affected twin, suggesting nongenetic influences.6668

Cognition: Hippocampus-Dependent Explicit Memory
A meta-analysis of 70 studies that examined cognition in

SZ showed a consistent moderate-to-large effect size across
studies for memory impairment, specifically recall .
Impairment was present in hippocampus-dependent verbal
and nonverbal memory, both immediate and delayed.69

Explicit memory (which is hippocampus-dependent) is
selectively and more severely impaired than other cognitive
domains in SZ, including in first-episode patients, who have
a selective deficit in learning and memory, against a back-
ground of diffuse dysfunction.70

SCHIZOPHRENIA: EARLY OR PROGRESSIVE
NEURODEVELOPMENTAL DISORDER?

The consideration of postnatal stress as a factor in SZ eti-
ology and expression is counterintuitive to the prevailing
early neurodevelopmental hypothesis of SZ. In this section,
the strengths and weaknesses of this hypothesis will be
explored along with evidence that supports the role of later
events in SZ risk.

Do Early Processes Lead to Schizophrenia Expression
or Simply Schizophrenia Vulnerability?
The Possibility of an Additional Postnatal Hit

The leading hypothesis of SZ etiology is that SZ is a neu-
rodevelopmental disorder in which the abnormality is estab-
lished by processes that occur either prenatally or around
the time of birth. Certainly, the extensive literature linking
SZ risk to genetic factors, prenatal infectious exposures, and
obstetric complications clearly implicates early processes in
the later development of SZ. Also, the demonstration of a
number of abnormalities in children who will go on to
develop SZ—neuromotor, attentional, and behavioral—
makes it clear that early abnormal neurodevelopmental
processes play a role in SZ risk. Although these risk factors
and phenotypic variables are clearly related to SZ etiology,
they may not be sufficient to cause the illness. About 15%
of children of individuals with SZ go on to develop the ill-
ness themselves, which means that 85% do not. An impor-
tant role for environmental factors (prenatal or postnatal) is
highlighted by mean SZ concordance rates of only 48% in
identical twins and equivalent risks of SZ in offspring of dis-
cordant monozygotic twins.71 Plus, neither early exposures
nor phenotypic markers are specific for SZ. Both prenatal
infectious exposures and obstetric complications have been
linked to other disorders: prenatal rubella is associated not
only with SZ but also with mental retardation. And the very
early phenotypic variables (ie, clumsiness, poor attention,
shyness) associated with later SZ are nonspecific. It may be
that the aforementioned risk factors and phenotypic vari-

ables may be more related to SZ vulnerability and that, at
least for some individuals, an additional postnatal hit is nec-
essary for disease expression.

Evidence That Postnatal Events Increase Risk
for Schizophrenia, Including Gene-Environment
Interactions

In fact, postnatal events have been associated with
increased SZ risk, including rearing environment, separa-
tion from a parent, and traumatic brain injury (TBI).72 High-
risk children are more likely to develop SZ if they are
exposed to parental maltreatment or live in institutional set-
tings.7174 The adopted children of affected biological moth-
ers are similarly more likely to develop SZ if their adoptive
families are "dysfunctional."75 In 1997, Wahlberg and col-
leagues76 determined that biological children of mothers
with SZ were more likely to develop the illness themselves if
their adoptive families had "communication deviance."
Furthermore, patients with SZ have been found to have a 4-
fold increased rate of early parental loss (death or separa-
tion) compared to controls, particularly if parental loss
occurred before 9 years of age.77 (Of note, the odds ratio of
approximately 4 was similar to that for bipolar disorder and
depression, suggesting a nonspecific effect of psychosocial
stress interacting with vulnerabilities to different psychiatric
illnesses). As for TBI, among members of SZ pedigrees, who
presumably have high genetic vulnerability, TBI further
increased their risk for SZ by 2.89-fold.78

It can be argued that these associations of SZ expression
with postnatal events do not necessarily imply etiology. For
example, odd children may elicit changes in their rearing
environment, pre-SZ individuals may be more likely to
incur TBI because of motor incoordination, and parental
loss may reflect genetic vulnerability that a parent and child
share. However, in our studies of SZ and TBI we have found
that patients with prior TBI had better cognition than those
who did not,™ which suggests that some SZ patients with a
history of TBI may not have developed the illness had they
not incurred the TBI. TBI may be a postnatal hit in some
cases of SZ.

Neuroanatomic Evidence for Schizophrenia as a
Progressive Neurodevelopmental Disorder

There are now a host of longitudinal MRI volumetric
studies that demonstrate that an active, ongoing process is
occurring beyond the onset of psychosis in at least a subset
of SZ patients, and perhaps prior to onset as well. The most
consistent finding in longitudinal studies of first-episode
patients is ventricular enlargement in both childhood-onset
SZ80 and adult-onset SZ."1"84 Longitudinal reduction in brain
volumes for first-episode patients (as compared with con-
trols) has been observed for total brain,81 frontal lobes"5 and
the hippocampus.86 Also of interest, preliminary evidence
suggests that neurodegenerative changes may occur shortly
before psychosis onset. Although both first-episode
and chronic SZ patients have been found to have smaller
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bilateral hippocampal volumes than normal controls, one
study found that high-risk patients do not have smaller hip-
pocampi, including those that went on to develop psy-
chosis.87 One longitudinal study has found that high-risk
patients who went on to develop psychosis had larger vol-
umes when they were at risk and smaller hippocampal vol-
umes after psychosis onset. In sum, the observation of
progressive changes in the brain in new-onset SZ makes a
simple, static early neurodevelopmental lesion model unlikely.

Neuropathologic Evidence for Schizophrenia as a
Progressive Neurodevelopmental Disorder

Arguments for the early neurodevelopmental hypothesis
include the finding that gliosis is rarely found in postmortem
studies of SZ, and that since gliosis occurs only after the sec-
ond trimester in humans, the primary abnormal events in SZ
must have occurred before this time. However, we now know
that there are many mechanisms of postnatal neuroplasticity
that have no relationship to gliosis, including apoptosis,
synaptic pruning/growth, neurogenesis (or its failure), and
myelination/demyelination. Margolis and colleagues88 have
suggested that SZ could result from a "graded apoptosis."
Apoptosis, or programmed cell death, is initiated by caspases,
which are activated by excitatory amino acids, such as gluta-
mate, as well as calcium influx. Activation of caspases can
also lead to synaptic loss and remodeling.89 The stress cas-
cade is known to affect both synaptic modeling and neurogen-
esis in the hippocampal formation, so it could have late (or
early) effects in SZ that also would not result in gliosis.

Stress and the Synaptic Pruning Hypothesis
of Schizophrenia

In SZ there is reduced neuropil, which implicates abnor-
malities in axons, dendrites, and synapses4* that could occur
at any stage of development, without accompanying gliosis. In
fact, a leading theory of SZ pathophysiology is the theory of
abnormal synaptic pruning, first articulated by Feinberg in
1982.90 Support for the "developmentally reduced synaptic
connectivity" hypothesis of SZ etiology comes from both com-
puter modeling5 and neuropathologic findings.91 Stress could
plausibly reduce synapses through its effects on dendrites of
pyramidal cells in the hippocampus.

Arguments Against the Role of Stress in Schizophrenia
Pathophysiology

Leaders in the field of SZ research have considered the
idea that stress could contribute to SZ symptoms through
synaptic remodeling in the hippocampus, given the consis-
tent finding of reduced size of pyramidal neurons, which
could result from the effects of glucocorticoids on neuropil.
In 1999, Weinberger92 considered and rejected this idea,
arguing that SZ is not characterized by gliosis, dramatic
reduction of the hippocampus, cortisol abnormalities, or
increased expression of the NR1 subunit of the /V-methyl-D-
aspartate receptor (which can be seen with stress). In fact,
stress-induced dendritic atrophy can occur unaccompanied

by gliosis or dramatic volume reductions of the hippocam-
pus,93 cortisol abnormalities are seen in a subset of patients
with this heterogeneous disorder,21 and NR1 "knockdowns"
in mice provide a convincing animal model of SZ" (so that
/V-methyl-D-aspartate receptor subunit abnormality may be
a primary feature of SZ that would not change with stress).

CONCLUSION
The prevailing hypothesis of SZ etiology is that it is pri-

marily an early neurodevelopmental disorder. However,
the heterogeneity of the illness, its long latency to expres-
sion, and its fluctuating course suggest that SZ may be a
progressive neurodevelopmental disorder in which early
pathologic factors, such as genetic vulnerability, prenatal
insults, and obstetric complications, create an abnormal
neurobiological substrate that is more vulnerable to the
development of SZ symptoms. Events that may trigger
actual onset of SZ include both (1) maturational processes,
such as programmed cell death and synaptic remodeling,
and (2) postnatal environmental insults, such as psychoso-
cial stress, TBI, and perhaps even substance abuse. A
mechanism by which development unmasks latent vulner-
ability is plausible, and has its correlates in other brain
functions, such as vision, in which later cortical develop-
ment can mediate the expression of an initial insult. For
example, deprivation of patterned visual input in human
infants, who can only detect global contour but little
detail, leads to later deficits in the adult-like expertise in
processing of faces.95 However, there is also evidence that
postnatal environmental factors increase the risk of SZ, as
has been reviewed in this paper. It is not parsimonious to
assume that a brain that is vulnerable to developing SZ is
a brain that is immune to environmental insults that may
plausibly increase that risk. Lieberman9'' argues that the
neurodevelopmental theory, taken to its logical extreme,
suggests both inevitability and therapeutic nihilism, which
he has phrased as "doomed from the womb."

Lieberman96 has proposed instead that SZ may result
both from early neurodevelopmental events and later lim-
ited neurodegenerative processes, which may be most
active in the early stages of illness and associated with
the onset of psychotic symptoms. This would be consis-
tent with the findings of progressive ventricular enlarge-
ment and ongoing reduction of brain volumes in a subset of
patients with SZ. An understanding of the neuropathologic
mechanisms occurring with the onset of psychosis (and
concurrent cognitive symptoms) and the roles of both
developmental processes and environmental factors in this
process is key to developing novel treatment strategies,
both pharmacologic and nonpharmacologic.

In this paper, we have presented a model whereby stress
can play a role in SZ pathophysiology through its effects on
synaptic organization and cortical connectivity; it should be
noted, however, that other mechanisms may be at work. For
example, stress may simply lead to psychosis through the
activation of dopaminergic transmission, a theory advanced
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by Schatzberg in the 1980s.''7 In healthy individuals, cortisol
has been found to increase serum levels of homovanillic
acid, a key dopamine metabolite.'"1 Walker'" has reported
that cortisol increases dopamine metabolism in the nucleus
accumbens and raises plasma dopamine metabolites, and
hypothesizes that this may be a mechanism whereby stress
precipitates psychosis. In an animal model of SZ, rats with
neonatal hippocampal excitotoxic damage show greatly
increased mesolimbic release of dopamine in response to
stress.""' Also, stress precipitates flashbacks to psychosis in
individuals with a history of methamphetamine psychosis.101

Another mechanism by which stress may contribute to
SZ pathophysiology is through excitotoxic injury to vulnera-
ble inhibitory GABA-ergic interneurons in the hippocam-
pus, a model advanced by Benes in 1999.'02 Interestingly, it
has been proposed that iV-methyl-D-aspartate receptor
hypofunction could lead to reduced GABA transmission
and thus enhanced glutamatergic excitotoxicity that con-
tributes to SZ."'! The effects of stress could also be mediated
by excitatory inputs of the amygdala to the hippocampus.2

It may be that early neurodevelopmental events or
genetic liability create a sensitivity to stress, and that this
may be an important component of vulnerability to SZ.
Mednick and Sehulsinger"" found that environmental fac-
tors such as early parental separation and severe social dis-
ruption during pregnancy were associated with later SZ risk
in offspring. Huttunen and Niskanen105 also found that
maternal stress was linked to later SZ risk. Mednick and
colleagues""' studied a cohort of children in Mauritius who
had a high genetic risk of SZ and found that autonomic ner-
vous system abnormalities were predictive of later serious
mental illness. Later studies have confirmed the presence of
failure of habituation of autonomic nervous system activity
and abnormal skin conductance in patients and individuals
either genetically or clinically at risk.107-1"8 In another study,
Mednick and colleagues found that early environmental
enrichment was associated with improved psychophysio-
logic orienting and arousal mechanisms 6-8 years later in
children, demonstrating that these variables, although being
at least partly genetic in origin, could be ameliorated
through early intervention.""

More prospective longitudinal studies of at-risk and pro-
dromal individuals are currently needed. These studies
require close follow-up and evaluation, especially around
the time of onset of psychosis. A common perception is that
psychosis onset follows a major life event or transition, This
is one of many hypotheses that must be explored, as it has
important implications for prevention and treatment and
may help elucidate the neurobiological mechanisms under-
lying the important transition to psychosis. Given the evi-
dence in both animals and humans that environmental
enrichment can have neuroprotective effects on the hip-
pocampus and normalize deficits in arousal and focus that
are also seen in SZ, it may be warranted to pilot psychoso-
cial interventions such as stress reduction in individuals
identified as at risk for SZ.
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citalopram HBr
Brief Summary: For complete details, please see full prescribing information for Celexa.
INDICATIONS AND USAGE Celexa {citalopram HBr) is indicated for the treatment of depres-
sion. The efficacy of Celexa in the treatment of depression was established in 4- to 6-week
controlled trials of outpatients whose diagnoses corresponded most ctosely to the DSM-III and
DSM-III-R category of major depressive disorder. A major depressive episode (DSM-IV)
implies a prominent and relatively persistent (nearly every day for at least 2 weeks) depressed
or dysphoric mood that usually interferes with daily functioning, and includes at least 5 of ttie
following 9 symptoms: depressed mood, loss of interest in usual activities, significant change
in weight and/or appetite, insomnia or hypersomnia, psychomotor agitation or retardation,
increased fatigue, feelings of guilt or worthlessness, slowed thinking or impaired concentra-
tion, a suicide attempt, or suicidal ideation. The antidepressant action of Celexa in hospital-
ized depressed patients has not been adequately studied. The efficacy of Celexa in maintain-
ing an antidepressant response for up to 24 weeks following 6 to 8 weeks of acute treatment
was demonstrated in two placebo-controlled trials. Nevertheless, the physician who elects to
use Celexa for extended periods should periodically re-evaluate the long-term usefulness of
the drug for the individual patient. CONTRAINDICATIONS Concomitant use in patients taking
monoamine oxidase inhibitors (MAOI's) is contramdicated (see WARNINGS). Celexa is con-
traindicated in patients with a hypersensitivity to citalopram or any of the inactive ingredients
in Celexa. WARNINGS Potential for Interaction with Monoamine Oxidase Inhibitors In
patients receiving serotonin reuptake inhibitor drugs in combination with a
monoamine oxidase inhibitor (MAOI), there have been reports of serious, sometimes
fatal, reactions including hyperthermia, rigidity, myoclonus, autonomic instability with
possible rapid fluctuations of vital signs, and mental status changes that include
extreme agitation progressing to delirium and coma. These reactions have also been
reported in patients who have recently discontinued SSRI treatment and have been
started on an MAOI. Some cases presented with features resembling neuroleptic
malignant syndrome. Furthermore, limited animal data on the effects of combined use
of SSRI's and MAOI's suggest that these drugs may act synergistically to elevate blood
pressure and evoke behavioral excitation. Therefore, it is recommended that Celexa
should not be used in combination wrth an MAOI, or within 14 days of discontinuing
treatment with an MAOI. Similarly, at least 14 days should be allowed after stopping
Celexa before starting an MAOI. PRECAUTIONS General Hyponatremia Several cases of
hyponatremia and SiADH (syndrome of inappropriate antidiuretic hormone secretion! have
been reported in association with Celexa treatment. All patients with these events have recov-
ered with discontinuation of Celexa and/or medical intervention. Activation of Mania/
Hvpomania In placebo-controiled trials of Celexa,some of which included patients with bipo-
lar disorder, activation of mania/hypomania was reported in 0.2% of 1063 patients treated
with Celexa and in none of the 446 patients treated with placebo. Activation of mania/hypo-
mania has also been reported in a small proportion of patients with major affective disorders
treated with other marketed antidepressants. As with all anbdepressants, Celexa should be
used cautiously in patients with a history of mania. Seizures Although anticonvulsant effects
of citalopram have been observed in animal studies, Celexa has not been systematically eval-
uated in patients with a seizure disorder. These patients were excluded from clinical studies
during the product's premarketing testing. In clinical trials of Celexa, seizures occurred in
0.3% of patients treated with Celexa (a rate of one patient per 98 years of exposure) and
0.5% of patients treated with placebo (a rate of one patent per 50 years of exposure). Like
other antidepressants, Celexa should be introduced with care in patients with a history of
seizure disorder. Suicide The possibility of a suicide attempt is inherent in depression and may
persist until significant remission occurs. Close supervision of high-risk patients should
accompany initial drug therapy. Prescriptions for Celexa should be written for the smallest
quantity of tablets consistent with good patient management, in order to reduce the risk of
overdose. Interference With Cognitive and Motor Performance In studies in normal volunteers,
Celexa in doses of 40 mg/day did not produce impairment of intellectual function or psy-
chomotor performance. Because any psychoactive drug may impair judgement, thinking, or
motor skills, however, patients should be cautioned about operating hazardous machinery,
including automobiles, until they are reasonably certain that Celexa therapy does not affect
their ability to engage in such activities. Use in Patients With Concomitant Illness Clinical
experience with Celexa in patients with certain concomitant systemic illnesses is limited.
Caution is advisable in using Celexa in patients with diseases or conditions that produce
altered metabolism or hemodynamic responses. Celexa has not been systematically evaluat-
ed in patients with a recent history of myocardial infarction or unstable heart disease, Patients
with these diagnoses were generally excluded from clinical studies during the product's pre-
marketing testing. However, the electrocardiograms of 1116 patients who received Celexa in
clinical trials were evaluated, and the data indicate that Celexa is not associated with the
development of clinically significant ECG abnormalities, In subjects with hepatic impairment,
citalopram clearance was decreased and plasma concentrations were increased. The use of
Celexa in hepatically impaired patients should be approached with caution and a lower max-
imum dosage is recommended. Because citalopram is extensively metabolized, excretion of
unchanged drug in urine is a minor route of elimination. Until adequate numbers of patients
with severe renal impairment have been evaluated during chronic treatment with Celexa,
however, it should be used with caution in such patients. Drug Interactions CHS Drugs -
Given the primary CNS effects of citalopram, caution should be used when it is taken in com-
bination with other centrally acting drugs. Alcohol - Although citalopram did not potentiate
the cognitive and motor effects of alcohol in a clinical trial, as with other psychotropic med-
ications, the use of alcohol by depressed patients taking Celexa is not recommended.
Monoamine Oxidase Inhibitors (MAPI's) - See CONTRAINDICATIONS and WARNINGS.
Cimetidine - In subjects who had received 21 days of 40 mg/day Celexa, combined admin-
istration of 400 mg/day cimetidine for 8 days resulted in an increase in citalopram AUC and
Cma, of 43% and 39%, respectively. The clinical significance of these findings is unknown.
Digoxin - In subjects who had received 21 days of 40 mg/day Celexa, combined administra-
tion of Celexa and digoxin (single dose of 1 mg) did not significantly affect the pharmacoki-
netics of either citalopram or digoxin. Lithium - Coadministration of Celexa (40 mg/day for 10
days) and lithium (30 mmol/day for 5 days) had no significant effect on the pharmacokinet-
ics of citalopram or lithium. Nevertheless, plasma lithium levels should be monitored with
appropriate adjustment to the lithium dose in accordance with standard clinical practice.
Because lithium may enhance the serotonergic effects of citalopram, caution should be exer-
cised when Celexa and lithium are coadministered. Theophytline - Combined administration
of Celexa (40 mg/day for 21 days) and the CYP1A2 substrate theophylline (singie dose of 300
mg) did not affect the pharmacokinetics of theophylline. The effect of theophylline on the
pharmacokinetics of citalopram was not evaluated. Sumathptan-There have been rare post-
marketing reports describing patients with weakness, hyperreflexia, and incoodination fol-
lowing the use of a selective serotonin reuptake inhibitor (SSRI) and sumatriptan. If concomi-
tant treatment with sumatriptan and an SSRI (eg, fluoxetine, fluvoxamine, paroxetine, sertra-
line, citalopram) is clinically warranted, appropriate observation of the patient is advised.
Warfarin - Administration of 40 mg/day Celexa for 21 days did not affect the pharmacoki-
netics of warfarin, a CYP3A4 substrate. Prothrombin time was increased by 5%, the clinical
significance of which is unknown. Carbamazepine - Combined administration of Celexa (40
mg/day for 14 days) and carbamazepine (titrated to 400 mg/day for 35 days) did not signifi-
cantly affect the pharmacokinetics of carbamazepine, a CYP3A4 substrate. Although trough
citalopram plasma levels were unaffected, given the enzyme-inducing properties of carba-
mazepine, the possibility that carbamazepine might increase the clearance of citalopram
should be considered if the two drugs are coadministered, Triazolam - Combined adminis-
tration of Celexa (titrated to 40 mg/day for 28 days) and the CYP3A4 substrate triazolam (sin-
gle dose of 0.25 mg) did not significantly affect the pharmacokinetics of either citalopram or
triazolam. Ketoconazole - Combined administration of Celexa (40 mg) and ketoconazole (200
mg) decreased the Cniai and AUC of ketoconazole by 21 % and 10%, respectively, and did not
significantly affect the pharmacokinetics of citalopram. CYP3A4 and CYP2C19 Inhibitors - In
vitro studies indicated that CYP3A4 and CYP2C19 are the primary enzymes involved in the
metabolism of citalopram. However, coadministration of citalopram (40 mg) and ketoconazole
(200 mg), a potent inhibitor of CYP3A4, did not significantly affect the pharmacokinetics of
citalopram. Because citalopram is metabolized by multiple enzyme systems, inhibition of a
single enzyme may not appreciably decrease citalopram clearance. Metoprolol -
Administration of 40 mg/day Celexa for 22 days resulted in a two-fold increase in the plas-
ma levels of the beta-adrenergic blocker metoprolol. Increased metoprolol plasma levels have
been associated with decreased cardioselectivity. Coadministration of Celexa and metoprolol
had no clinically significant effects on blood pressure or heart rate. Imipramine and Other

„ Tricyclic Antidepressants (TCA's) - In vitro studies suggest that citalopram is a relatively weak
inhibitor of CYP2D6. Coadministration of Celexa (40 mg/day for 10 days) with the tricyclic
antidepressant imipramine (single dose of 100 mg), a substrate for CYP2D6, did not signifi-
cantly affect the plasma concentrations of imipramine or citalopram. However, the concen-
tration of the imipramine metabolite desipramine was increased by approximately 50%. The
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clinical significance of the desipramine change is unknown. Nevertheless, caution is indicat-
ed in the coadministration of TCA's with Celexa. Electroconvulsive Therapy (ECT) - There are
no clinical studies of the combined use of electroconvulsive therapy (ECT) and Celexa.
Pregnancy Pregnancy Category C - There are no adequate and well-controlled studies in
pregnant women; therefore, citalopram should be used during pregnancy only if the potential
benefit justifies the potential risk to the fetus. Labor and Delivery The effect of Celexa on
labor and delivery in humans is unknown. Nursing Mothers As has been found to occur with
many other drugs, citalopram is excreted in human breast milk. The decision whether to con-
tinue or discontinue either nursing or Celexa therapy should take into account the risks of
citalopram exposure for the infant and the benefits of Celexa treatment for the mother.
Pediatric Use Safety and effectiveness in pediatric patients have not been established.
Geriatric Use Of 4422 patients in clinical studies of Celexa,1357 were 60 and over, 1034
were 65 and over, and 457 were 75 and over. No overall differences in safety or effectiveness
were observed between these subjects and younger subjects, and other reported clinical
experience has not identified differences in responses between the elderly and younger
patients, but greater sensitivity of some older individuals cannot be ruled out, Most elderly
patients treated with Celexa in clinical trials received daily doses between 20 and 40 mg. In
two pharmacokinetic studies, citalopram AUC was increased by 23% and 30%, respectively,
in elderly subjects as compared to younger subjects, and its half-life was increased by 30%
and 50%, respectively. 20 mg/day is the recommended dose for most elderly patients.
ADVERSE REACTIONS The premarketing development program for Celexa included citalo-
pram exposures in patients and/or normal subjects from 3 different groups of studies: 429
normal subjects in clinical pharmacology/pharmacokinetic studies; 4422 exposures from
patients in controlled and uncontrolled clinical trials, corresponding to approximately 1370
patient exposure years. There were, in addition, over 19,000 exposures from mostly open-
label, European postmarketing studies. The conditions and duration of treatment with Celexa
varied greatly and included (in overlapping categories) open-label and double-blind studies,
inpatient and outpatient studies, fixed-dose and dose-titration studies, and short-term and
long-term exposure. Adverse reactions were assessed by collecting adverse events, results
of physical examinations, vital signs, weights, laboratory analyses, ECGs, and results of oph-
thalmologic examinations. Adverse events during exposure were obtained primarily by gen-
eral inquiry and recorded by clinical investigators using terminology of their own choosing.
Consequently, it is not possible to provide a meaningful estimate of the proportion of individ-
uals experiencing adverse events without first grouping similar types of events into a small-
er number of standardized event categories. In the tables and tabulations that follow, stan-
dard World Hearth Organization (WHO) terminology has been used to classify reported adverse
events. The stated frequencies of adverse events represent the proportion of individuals who
experienced, at least once, a treatment-emergent adverse event of the type listed. An event
was considered treatment-emergent if it occurred for the first time or worsened while receiv-
ing therapy following baseline evaluation. Adverse Findings Observed in Short-term,
Placebo-Controlled Trials Adverse Events Associated With Discontinuation of Treatment
Among 1063 depressed patients who received Celexa at doses ranging from 10 to 80 mg/day
in placebo-controlled trials of up to 6 weeks in duration, 16% discontinued treatment due to
an adverse event as compared to 8% of 446 patients receiving placebo. The adverse events
associated with discontinuation and considered drug-related (ie, associated with discontinu-
ation in at least 1 % of Celexa-treated patients and at a rate at least twice that of placebo) are
shown in TABLE 1 . It should be noted that one patient can report more than one reason for
discontinuation and be counted more than once in this table.

TABLE 1.
Adverse Events Associated With Discontinuation of Treatment in Short-term,

Placebo-Controlled Depression Trials

Percentage of Patients Discontinuing Due to Adverse Event

Body System/Adverse Event

General
Asthenia

Gastrointestinal Disorders
Nausea
Dry Mouth
Vomiting

Celexa
(N=1O63)

1%

4%
1%
1%

Central and Peripheral Nervous System Disorders

Psychiatric Disorders
Insomnia
Somnolence
Aqitation

3%
2%
1%

Placebo
(N=446)

<1%

0%
<1%
0%

1%
1%

<1%
Adverse Events Occurrina at an Incidence ol 2% or More Amono Celexa-Treated Patients
TABLE 2 enumerates the incidence, rounded to the neares
adverse events that occurred among 1063 depressed patients who received Celexa at doses
ranging from 10 to 80 mg/day in placebo-controlled trials of up to 6 weeks in duration. Events
included are those occurring in 2% or more of patents treated with Celexa and for which the
incidence in patients treated with Celexa was greater than the incidence in placebo-treated
patients. The prescriber should be aware that these figures cannot be used to predict the inci-
dence of adverse events in the course of usual medical practice where patient characteris-
tics and other factors differ from those which prevailed in the clinical trials. Similarly, the cited
frequencies cannot be compared with figures obtained from other clinical investigations
involving different treatments, uses, and investigators. The cited figures, however, do provide
the prescribing physician with some basis for estimating the relative contribution of drug and
nondrug factors to the adverse event incidence rate in the population studied. The only com-
monly observed adverse event that occurred in Celexa patients with an incidence of 5% or
greater and at least twice the incidence in placebo patients was ejaculation disorder (prima-
rily ejaculatory delay) in male patients (see TABLE 2).

TABLE 2.
Treatment-Emergent Adverse Events:

Incidence in Placebo-Controlled Clinical Trials*

Body System/Adverse Event

Autonomic Nervous System Disorders
Dry Mouth
Sweating Increased

Percentage of Patients Reporting Event

Celexa
IN=1063)

20%
11%

Central & Peripheral Nervous System Disorders
Tremor " i t

Gastrointestinal Disorders
Nausea
Diarrhea
Dyspepsia
Vomiting
Abdominal Pain

General
Fatigue
Fever

MusculosKeletal system Disorders
Arthralgia
Myalgia

Psychiatric Disorders
Somnolence
Insomnia
Anxiety
Anorexia
Agitation
Dysmenorrhea1

Libido Decreased
Yawning

Respiratory System Disorders
Upper Respiratory Tract Infection
Rhinitis
Sinusitis

Urogenhal
Ejaculation Disorder"
Impotence3

21%
8%
5%
4%
3%

5%
2%

2%
2%

18%
15%
4%
4%
3%
3%
2%
2%

5%
5%
3%

6%
3%

Placebo
(N=446)

14%
9%

6%

14%
5%
4%
3%
2%

3%
<1%

1%
1%

10%
14%
3%
2%
1%
2%

<1%
<1%

4%
3%

<1%

1%
<1%
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constipation, palpitation, vision abnormal, sleep disorder, nervousness, pharyngitis, micturi-
tion disorder, back pain.' Denominator used was tor females only (N=638 Celexa; N=252
placebo). 'Primarily ejaculatory delay.' Denominator used was for males only (N=425 Celexa;
N=194 placebo). Dose Dependency of Adverse Events The potential relationship between the
dose of Celexa administered and the incidence of adverse events was examined in a fixed-
dose study in depressed patients receiving placebo or Celexa 10, 20, 40, and 60 mg.
Jonckheere's trend test revealed a positive dose response (pcO5) for the following adverse
events: fatigue, impotence, insomnia, sweating increased, somnolence, and yawning. Male
and Female Sexual Dysfunction With SSRI's Although changes in sexual desire, sexual per-
formance and sexual satisfaction often occur as manifestations of a psychiatric disorder, they
may also be a consequence of pharmacologic treatment. In particular, some evidence sug-
gests that selective serotonin re-uptake inhibitors (SSRIs) can cause such untoward sexual
experiences. Reliable estimates of the incidence and severity of untoward experiences involv-
ing sexual desire, performance and satisfaction are difficult to obtain, however, in part
because patients and physicians may be reluctant to discuss them. Accordingly, estimates of
the incidence of untoward sexual experience and performance cited in product labeling, are
likely to underestimate their actual incidence. The table below displays the incidence of sex-
ual side effects reported by at least 2% of patients taking Celexa in a pool of placebo-con-
trolled clinical trials in patients with depression.

Treatment

Abnormal Ejaculation

(mostly ejaculatory delay)

Decreased Libido

Impotence

Celexa (425 males)

6,1% (males only)

3.8% (males only)

2.8% (males only)

Placebo (194 males)

1% (males only)

< 1 % (males only)

< 1 % (males only)

In female depressed patients receiving Celexa, the reported incidence of decreased libido and
anorgasmia was 1.3% (n=638 females) and 1.1% (n=252 females), respectively. There are
no adequately designed studies examining sexual dysfunction with citalopram treatment.
Priapism has been reported with all SSRIs. While it is difficult to know the precise risk of sex-
ual dysfunction associated with the use of SSRI's, physicians should routinely inquire about
such possible side effects. Vital Sign Changes Celexa and placebo groups were compared
with respect to (1) mean change from baseline in vital signs (pulse, systolic blood pressure,
and diastolic blood pressure) and (2) the incidence of patients meeting criteria for potentially
clinically significant changes from baseline in these variables. These analyses did not reveal
any clinically important changes in vital signs associated with Celexa treatment. In addition,
a comparison of supine and standing vital sign measures for Celexa and placebo treatments
indicated that Celexa treatment is not associated with orthostatic changes. Weight Changes
Patients treated with Celexa in controlled trials experienced a weight loss of about 0.5 kg
compared to no change for placebo patients. Laboratory Changes Celexa and placebo groups
were compared with respect to (1) mean change from baseline in various serum chemistry,
hematology, and urinalysis variables and (2) the incidence of patients meeting criteria for
potentially clinically significant changes from baseline in these variables. These analyses
revealed no clinically important changes in laboratory test parameters associated with Celexa
treatment. ECG Changes Electrocardiograms from Celexa (N-802) and placebo (N=241)
groups were compared with respect to (1) mean change from baseline in various ECG param-
eters and (2) the incidence of patients meeting criteria for potentially clinically significant
changes from baseline in these variables. The only statistically significant drug-placebo dif-
ference observed was a decrease in heart rate for Celexa of 1.7 bpm compared to no change
in heart rate for placebo. There were no observed differences in QT or other ECG intervals.
Other Events Observed During the Premarketing Evaluation of Celexa Following is a list
of WHO terms that reflect treatment-emergent adverse events, as defined in the introduction
to the ADVERSE REACTIONS section, reported by patients treated with Celexa at multiple
doses in a range of 10 to 80 mg/day during any phase of a trial within the premarketing data-
base of 4422 patients. All reported events are included except those already listed in TABLE
2 or elsewhere in labeling, those events for which a drug cause was remote, those event
terms which were so general as to be uninformative, and those occurring in only one patient.
It is important to emphasize that although the events reported occurred during treatment with
Celexa, they were not necessarily caused by it. Events are further categorized by body sys-
tem and listed in order of decreasing frequency according to the following definitions: fre-
quent adverse events are those occurring on one or more occasions in at least 1/100
patients; infrequent adverse events are those occurring in less than 1/100 patients but at
least 1/1000 patients; rare events are those occurring in fewer than 1/1000 patients.
Cardiovascular - Frequent: tachycardia, postural hypotension, hypotension. Infrequent:
hypertension, bradycardia, edema (extremities), angina pectoris, extrasystoles, cardiac fail-
ure, flushing, myocardial infarction, cerebrovascular accident, myocardial ischemia. Rare:
transient ischemic attack, phlebitis, atrial fibrillation, cardiac arrest, bundle branch block.
Central and Peripheral Nervous System Disorders - Frequent: paresthesia, migraine.
Infrequent: hyperkinesia, vertigo, hypertonia, extrapyramidal disorder, leg cramps, involuntary
muscle contractions, hypokinesia, neuralgia, dystonia, abnormal gait, hypesthesia, ataxia
Rare: abnormal coordination, hyperesthesia, ptosis, stupor. Endocrine Disorders - Rare:
hypothyroidism, goiter, gynecomastia. Gastrointestinal Disorders - Frequent: saliva increased,
flatulence. Infrequent: gastritis, gastroenteritis, stomatitis, eructation, hemorrhoids, dyspha-
gia, teeth grinding, gingivitis, esophagitis. Hare: colitis, gastric ulcer, cholecystitis, cholelithia-
sis, duodenal ulcer, gastroesophageal reflux, glossitis, jaundice, divertjculitis, rectal hemor-
rhage, hiccups. General - Infrequent: hot flushes, rigors, alcohol intolerance, syncope,
influenza-like symptoms. Rare: hayfever. Hemic and Lymphatic Disorders - Infrequent: pur-
pura, anemia, epistaxis, leukocytosis, leucopenia, lymphadenopathy. Rare: pulmonary
embolism, granulocytopenia, lymphocytosis, lymphopenia, hypochromic anemia, coagulation
disorder, gingival bleeding. Metabolic and Nutritional Disorders - Frequent: decreased weight,
increased weight. Infrequent: increased hepatic enzymes, thirst, dry eyes, increased alkaline
phosphatase, abnormal glucose tolerance. Rare: bilirubinemia, hypokalemia, obesity, hypo-
glycemia, hepatitis, dehydration. Musculoskeletal System Disorders - Infrequent: arthritis,
muscle weakness, skeletal pain. Rare: bursitis, osteoporosis. Psychiatric Disorders -
Frequent impaired concentration, amnesia, apathy, depression, increased appetite, aggra-
vated depression, suicide attempt, confusion. Infrequent: increased libido, aggressive reac-
tion, paroniria, drug dependence, depersonalization, hallucination, euphoria, psychotic
depression, delusion, paranoid reaction, emotional lability, panic reaction, psychosis. Rare:
catatonic reaction, melancholia. Reproductive Disorders/Female* - Frequent: amenorrhea.
Infrequent: qalacioirUea, breast pain, breast enlargement, vaginal hemorrhage. *% based on
female subjects only: 2955 Respiratory System Disorders - Frequent: coughing. Infrequent:
bronchitis, dyspnea, pneumonia. Rare: asthma, laryngitis, bronchospasm, pneumonitis, spu-
tum increased. Skin and Appendages Disorders - Frequent: rash, pruritus. Infrequent: photo-
sensitivity reaction, urticaria, acne, skin discoloration, eczema, alopecia, dermatitis, skin dry,
psoriasis. Rare: hypertrichosis, decreased sweating, melanosis, keratjtis, cellulitis, pruritus
ani. Special Senses - Frequent: accommodation abnormal, taste perversion. Infrequent: tin-
nitus, conjunctivitis, eye pain. Rare: mydriasis, photophobia, diplopia, abnormal lacrimation,
cataract, taste loss. Urinary System Disorders - Frequent: polyuria. Infrequent: micturition fre-
quency, urinary incontinence, urinary retention, dysuria. Rare: facial edema, hematuria, olig-
uria, pyelonephritis, renal calculus, renal pain. OVERDOSAGE Human Experience Although
there were no reports of fatal citalopram overdose in clinical trials involving overdoses of up
to 2000 mg, postmarketing reports of drug overdoses involving citalopram have included 12
fatalities, 10 in combination with other drugs and/or alcohol and 2 with citalopram alone
(3920 mg and 2800 mg), as well as nonfatal overdoses of up to 6000 mg. Symptoms most
often accompanying citalopram overdose, alone or in combination with other drugs and/or
alcohol, included dizziness, sweating, nausea, vomiting, tremor, somnolence, and sinus
tachycardia. In more rare cases, observed symptoms included amnesia, confusion, coma,
convulsions, hyperventilation, cyanosis, rhabdomyolysis, and ECG changes (including QTc
prolongation, nodal rhythm, ventricular arrhythmia, and one possible case of Torsades de
pointes).
Rx only
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* Events reported by at least 2% of patients treated with Celexa are reported, except for the
following events which had an incidence in placebo >Celexa: headache, asthenia, dizziness,
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