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FOREWORD

Sir William Osler famously remarked, “The physician who
knows syphilis, knows medicine.” The similarly complex
and protean features of schizophrenia suggest the parallel
aphorism that the psychiatrist who knows schizophrenia
knows psychiatry. Indeed, the finding of the World Health
Organization that schizophrenia is the fifth leading cause
of disability and premature mortality among all medical
disorders in market economies underlines the importance
of “knowing schizophrenia.” The breadth and depth of the
coverage of schizophrenia in this textbook clearly adds
credence to this view and provides the reader with an interesting and rewarding exploration of the many facets of
this challenging clinical syndrome.
The goal of “knowing schizophrenia” is facilitated for
a wide range of readers by a number of important features
of this textbook. This volume comprehensively reviews
the relevant bodies of information needed for a thorough
understanding of our current knowledge base of schizophrenia. Many of the chapters are coauthored by experts
from different institutions and frequently from different
countries. This approach helps provide both a broad and
an integrated perspective on different aspects of the illness. Most chapters also have easily apprehended tables and
figures that crisply summarize large bodies of literature or
complex models.

Just how well do we “know schizophrenia”? Certainly,
much remains to be learned, but as this textbook clearly lays
out, a solid (and rapidly expanding) database regarding
schizophrenia currently exists. The reader is invited to explore the complex array of genetic and environmental factors that confer risk for the illness, the biological mechanisms that appear to give rise to different aspects of its
clinical features, and the range of clinical interventions
available to manage individuals at different phases of the
illness from the prodrome through chronicity. Although
the growth rate of our knowledge of schizophrenia carries
the inherent risk that a textbook on the disorder will quickly
become out of date, in addition to containing timely information, this textbook provides the critical background
material needed to understand and interpret new research
findings as they arise and at the time of its publication is
the best of its kind.
The accessibility of this textbook will enable a broad
readership to increase their knowledge of schizophrenia.
In learning about this illness, readers will be able to see,
both in the specifics regarding schizophrenia and in the
way that it provides a model for other mental disorders,
how “knowing schizophrenia” facilitates a broader knowledge of psychiatry. Osler was right.
David A. Lewis, M.D.

xv
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PREFACE

Of the numerous mental and behavioral disorders with
which psychiatrists and mental health care providers are
confronted, none is more challenging and central to their
mission than schizophrenia. This brain disorder strikes
persons as they are entering the prime of their life and, in
many cases, runs a recurrent and ultimately chronic course
that leads to substantial disability. This most devastating
of mental illnesses affects the essence of what makes people human: their personality and intellect. For these reasons schizophrenia is considered the prototypic mental
illness.
Schizophrenia has been widely misunderstood. Common misconceptions include the belief that schizophrenia
is characterized by a split or multiple personality or that it
means holding two contradictory opinions simultaneously.
Another inaccurate belief is that the mental state of schizophrenia is one of heightened creativity and originality—a
unique and highly idiosyncratic way of apprehending reality that is unfettered by conventional thinking.
The perpetuation of these myths reflects the relatively
low level of interest and importance that our society has
accorded mental illnesses in general and schizophrenia in
particular. However, this most prototypic of mental illnesses is a very costly and complex one for our society to
deal with. A telling example of this can be found in the
deinstitutionalization movement of the 1960s and 1970s,
which dramatically reduced the mental hospital inpatient

population, ostensibly in the interest of providing more
humane community care. However, well intended this
policy may have been, it resulted in the tragedy of the
homeless and untreated mentally ill that played out on the
streets of urban America and that remains unresolved.
The complexity of schizophrenia as well as its care
provided the motivation to devote a whole volume to this
singular disorder. The topics covered represent the most
essential, timely, and informative aspects of this protean
condition. There are many books about schizophrenia focusing on its theories, research, diagnosis, treatment, and
clinical care. However, we felt that a textbook that encompassed the current state of knowledge of its cause, nature,
treatment, and services was lacking and badly needed.
To fill this gap, we invited an eminent roster of experts
in a wide range of disciplines from North America and
Europe to join us in creating this work by authoring specific chapters. We are enormously grateful to them for their
outstanding scholarly contributions. We hope that this
textbook will serve as a fount of knowledge for the generations of students, scientists, and clinicians to come, who
ultimately will dispel the mystery, discover the cause, and
evoke the cure for schizophrenia.
Jeffrey A. Lieberman, M.D.
T. Scott Stroup, M.D., M.P.H.
Diana O. Perkins, M.D., M.P.H.
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1
HISTORY OF
SCHIZOPHRENIA
AND ITS ANTECEDENTS
MICHAEL H. STONE, M.D.

If by schizophrenia we mean only the condition, or rather
the group of conditions, described by Eugen Bleuler in
1911, or Kraepelin’s dementia praecox, a term that appeared for the first time in the fourth edition of his textbook (Kraepelin 1893), then our history goes back only a
scant 110 years. Yet there are other starting points for a
history that would not do too much violence to the modern conception of schizophrenia. The description of
démence précoce (1860) by Bénédict Morel (1809–1873),
which influenced Kraepelin’s choice of a diagnostic term,
could also make for a reasonable beginning. Likewise, the
earlier description of James Matthew Tilly’s psychosis by
John Haslam (1764–1844) in his Illustrations of Madness
(Haslam 1810) accords well with our conception of paranoid schizophrenia and would allow our history to start in
the early nineteenth century. If, however, we focus more
narrowly on the term schizophrenia—or even on the concept, as adumbrated in works at the turn of the last century—we would have to agree with Hoenig (1995), who
warns us: “In fact there cannot be a history of pre-Kraepelinian schizophrenia, because the concept did not exist”
(p. 340).
Yet if we turn our attention instead to the primordial
psychodiagnostic soup out of which schizophrenia was
later to evolve, we can broaden our horizon from a mere

two centuries to more than two millennia. To be sure, objections have been raised in recent years to any such expansion. For example, Hare (1988) of the Bethlem Royal
Hospital in London advances the hypothesis that schizophrenia is a recent disease; that descriptions of similar disorders were rare before 1800; and that while the prevalence of insanity increased during the nineteenth century,
it remained low in the non-Western world until the twentieth century—as though schizophrenia were an unfortunate by-product of modern Western civilization. This is
the same chord struck by Fuller-Torrey (1980), who expressed doubt as to whether schizophrenia existed before
the late-eighteenth-century Industrial Revolution in Europe. The views of these two authors address not so much
the radical change in the descriptions of mental illness that
grew out of the Age of Enlightenment as the possibility
that the radical social changes of that period brought into
being a condition that had not heretofore existed.
But the manner of describing mental illness did
change dramatically in the eighteenth century. The centuries-old habits of the traditionalists, who clung to a
Graeco-Roman taxonomy based on the four elements
(earth, air, fire, and water) and their corresponding temperaments (melancholic, choleric, sanguine, and phlegmatic), gave way to the views of empiricists like Wilhelm

1
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Pertinent attributes of the three main types of disorder
Attributes

Condition

Cognitive

Affective

Behavioral

Schizophrenia
(quintessential
cognitive disorder)

Loosening of associations;
bizarre thoughts; formal
thought disorder

Inappropriate affect; blunting or
flattening of affect

Eccentric behavior; abulia

Manic-depression
(quintessential
affective disorder)

Grandiose vs. self-deprecatory
thought; flight of ideas
vs. impoverishment of
thought

Euphoria vs. sadness;
extraversion vs. despondency

Impetuosity, pacing, great energy
vs. psychomotor retardation,
lethargy

Psychopathy
(quintessential
behavioral disorder)

Grandiosity; contemptuousness; lack of foresight

Callousness; lack of compassion,
empathy, or remorse

Predatoriness; scheming;
exploitativeness; viciousness;
“conning”

Griesinger (1817–1868) who paid attention to detailed
descriptions of symptoms—on which their nosology was
based (Griesinger 1861). As for the question of whether
schizophrenia existed before 1800, the way out of this conundrum is to look at schizophrenia for what it is au fond:
a form of “madness”—or psychosis—whose most striking
features involve cognition. In contrast, mania and melancholia are madnesses of affect, and our current definition
of psychopathy, since the publication of Cleckley’s Mask
of Sanity (1941), also depicts a madness of behavior. Here
we have the tripartite division of mental function—an
outgrowth of what was advanced in the eighteenth century by the philosopher Immanuel Kant (1724–1804).
Kant (1781/2003) wrote of disorders of experience, judgment (leading to delusion), and reason (giving way to mania). If we reformulate the division in contemporary language, we have disorders of thinking, feeling (or mood/
affect), and behaving. Note that each of the paradigmatic
examples of disorders in these three mental compartments is accompanied by lesser degrees of disorders in the
other two. Even persons with delusional disorder (which
may be unrelated to schizophrenia) of the sort described
by Kendler and colleagues (Kendler and Walsh 1995)
show some peculiarities of affect—namely, feelings of
inferiority (Kendler and Hays 1981) and of behavior.
Table 1–1 lists some of the pertinent attributes in all three
spheres, as routinely found in patients with schizophrenia,
manic-depression, and psychopathy—none of which is a
“pure” disorder.
With this model in mind, I believe we can fairly assume, even if we cannot rigorously prove, that various
forms of primarily cognitive madness indeed antedated the
clinical vignettes of Haslam (1809, 1810). Because the an-

cient descriptions of affective madness are closer to our
own descriptions of them, even 2,500 years later we feel
less uncomfortable writing about the history of mania and
melancholia than about the history of schizophrenia (Stone
2006). This should not be surprising. Abnormalities of
mood and behavior are often more noticeable, even to medically uninformed persons, than are many disorders or peculiarities of thought. The former may be visible from a
distance (wild motions, hysterical sobbing, violent fury),
whereas one has actually to talk with someone to realize
that he is convinced that a collection of frogs has taken up
residence in his stomach (a common delusion in the sixteenth century) or that a radio embedded in a tooth is broadcasting scurrilous messages about him (as a psychiatrist in
our day might hear from a patient in the emergency
room). Furthermore, the distinction between strange but
widely shared beliefs and delusory ideas is not always easily made, and such beliefs may be culture-bound in ways
that seem “crazy” to outsiders but quite normal to members
of the group or cult. This makes it difficult to assess which
prophets of doom or of the “Last Days,” as found in the
Bible or in certain religious groups in our own day, are
truly delusional and which are otherwise normal persons
who entertain shared, albeit incorrect, assumptions.
Before 1800, we must content ourselves with examples
of primarily cognitive madness, where disorder of thought
outweighs whatever peculiarities of emotion and behavior
are simultaneously present. This focus will not limit us to
descriptions (rarely found) that mirror contemporary accounts of schizophrenia. Observers in earlier times seldom
paid attention to characteristics that are now considered
crucial to the diagnosis of schizophrenia, and they often
paid close attention to details that we regard as irrelevant.
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COGNITIVE MADNESS
IN ANCIENT TIMES
BEFORE THE GRAECO-ROMAN PERIOD
Carlsson (2003) contends that documents from old Pharaonic Egypt, from the second millennium B.C., attest to
such conditions as depression, dementia, and schizophrenia. These were understood as symptoms of the heart or
uterus (the latter organ being implicated in the Greek
conception of “hysteria”); in short, mental diseases were
varieties of physical illness. Carlsson alludes to the Ebers
papyrus (ca. 1550 B.C.), but this deals with internal medicine and medications, not with vignettes of persons considered mentally ill (Alexander and Selesnick 1966).
Absent detailed descriptions of the patients who suffered
from these conditions, we cannot equate any of them with
schizophrenia. The Egyptians believed in a four-element
system, similar to what the Greeks espoused later on:
earth, air, fire, and water (the supposed components of
flesh, breath, heart, and body fluids, respectively). Unlike
the Greeks, they did not appear to assign particular temperaments to these elements.
As for the ancient Hebrews and those with whom they
interacted, there are references to “madness” in the Bible,
as in Deuteronomy 28:28 and 28:34: “the Lord will strike
you with madness and blindness [vehayta m’shuga mimareya eynekha].” But the meaning of “madness” in this
context is that of ranting and carrying on wildly (Lieber
2001), perhaps more in keeping with mania than with a
cognitive psychosis.
Elsewhere, the sixth-century B. C. Babylonian king
Nebuchadnezzar is punished for his arrogance by the Lord
with a temporary madness, in which he “was driven from
men, and did eat grass as oxen, and his body was wet with
the dew of heaven, till his hairs were grown like eagles’
feathers, and his nails like birds’ claws” (Daniel 4:33). Alexander and Selesnick (1966) interpreted this as “lycanthropy,” an affliction in which people wandered about at
night in deserted places and howled like wolves (of which
more in the section that follows). Some persons may have
shown sustained forms of cognitive madness in Biblical
times, but we see little sign of it in the scriptures. And
what craziness there was, was ascribed to either punishment
by God or infiltration of one’s soul by the Devil. Madness
(which usually had an affective quality) was not an internal
condition so much as something visited on one by external
forces, usually on account of one’s sins. An exception to
this rule might be made in the case of the prophets, some
of whom were regarded as “mad” because of the strange
warnings and predictions that they made and because of

their unconventional behavior and attire. Ezekiel, to whom
the Lord spoke, enjoining him to prophesy against the
Houses of Judah and Israel for their wickedness, is an example. At one point Ezekiel hears the voice of the Lord
say: “And thou shall eat [thy meat] as barley cakes, and
thou shall bake it with dung that cometh out of man, in
their [the Israelites’] sight” (Ezekiel 4:12). Zilboorg, in his
History of Medical Psychology (1941), takes this as evidence
of Ezekiel’s “coprophagia.” But this is unconvincing. Either Ezekiel did no such thing, or else he did so in the kind
of ecstatic state of religious fervor that was culturally syntonic in his era—and therefore not to be construed, as such
an act would be in our day, as the by-product of a cognitive
psychosis. Cases of primarily cognitive madness, including
those that were of early onset and chronic in course, may
well have existed in biblical times, but we cannot point to
any in the scriptural literature.

THE GRAECO-ROMAN PERIOD
Among the Greeks in Homeric times (tenth century B.C.),
and for some centuries beyond, if people became mad
it was for the same reason that was accepted in biblical
times: the gods had willed it. Given the link between mental illness and the powers of divinity, temples of worship
seemed like the logical venue for cure. For the Greeks, it
was in the temples of Aesculapeus that the priestly adepts,
with their secrets of healing, did their curative work. The
transition from looking to the gods to looking to human
nature for the explanation of mental phenomena was slow;
traditional views lingered on in the works of the great
Athenian playwrights of the fifth century B.C., Sophocles
and Euripides. Their contemporary during this period of
enlightenment, Hippocrates of Cos (460–377 B.C.), became the father of Greek medicine. He set about demystifying mental illness, writing in The Sacred Disease—another name for epilepsy—that the condition was no more
divine than other diseases, but arose from a natural cause
like other afflictions (Hippocrates 1952). Hippocrates
subscribed to the prevailing theory of the Greek philosophers concerning the four elements of nature, earth, fire,
air, and water, which in bodily terms corresponded, respectively, to the four humours: black bile, yellow bile,
blood, and phlegm (in Latin, pituita). To these, in turn,
corresponded the four temperaments: melancholic, choleric, sanguine, and phlegmatic. Exaggerations of these
temperaments figured in Hippocrates’s taxonomy of mental diseases: black bile was present in excess in melancholia;
yellow bile, in mania—whose meaning at the time was
closer to wrath (the root meaning of µηνις, manis) than to
euphoria. Hippocrates also recognized hysteria and paranoia. The latter comes closest to our conception of a de-
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teriorating cognitive illness such as would later, in the Roman world, come under the heading of dementia. In
contrast to amentia, which implied that one was born
without a properly functioning mind (as in mental retardation), dementia was reserved for conditions where one’s
mind had been normal in the beginning but then deteriorated at some point later in life. In Hippocrates’s time,
paranoia, if it could be demonstrated, was grounds for being declared incompetent and for the appointment of a legal guardian (Zilboorg 1941). At least some cases of paranoia, then, may have exemplified the chronic and primarily
cognitive madness that we have posited as the precursor
of what was, two millennia hence, to be called “schizophrenia.” Socrates (another contemporary of Hippocrates) had apparently experienced auditory hallucinations
in midlife, along with trance states in which he would remain standing motionless for hours on end. But this does
not accord with our notion of schizophrenia, when we
consider how lucid and well-functioning Socrates was
apart from these transitory symptoms.
In contrast to Hippocrates, for whom the brain was
the seat of the soul (and secreted the various humours),
Aristotle (384–322 B.C.) regarded the heart as the seat of
the soul. Blood determined the force of the soul: if warm
and mobile, the soul was strong and wise. If too moist and
dense, the soul was weak and fragile. The optimal soul was
likened to solar (and “masculine”) light, that of the lunatic
literally to lunar light, which was soft, weak, pale, moist,
and “female.” Persons who were “hebephrenic” were small,
weak, and timid (Howells 1993). Hebephrenia here did not
signify a subtype of schizophrenia (that would await a reuse of the term by Hecker [1871]), but rather the foolish,
immature, or dull mind of a youth (ηβη, hebe).
According to the Stoic philosophers (who flourished
from the time of Zeno, ca. 300 B.C., to that of Seneca, in
the first century A.D.), melancholy arose out of sadness
and anger; mania, out of hate and wrath. They spoke of
an active principle, πνευµα (pneuma) or “vital breath,”
which is given form by being adjoined to passive matter.
The faster, hotter, and more subtle the pneuma, the
higher the psychic functions it could sustain. The “foolish” person is affected by a pneuma charged with humoural substances put into circulation by exaggerated
emotional reactions. In the Stoic theory, there is still acceptance of the four humours, but a greater importance is
given to the emotions themselves. A sane person was seen
as having a strong and fearless soul, whereas the soul of a
foolish person was “irrational” (a hint of cognitive impairment, but one that was not explicated further by clinical
example). One of the major figures of the Middle Stoa was
Posidonius of Apamea (135–51 B.C.), who recognized a
fundamental distinction between reason and the irrational

aspects of the soul. The rules of physics, according to
Posidonius, can be translated into the laws of psychology,
creating the foundation for ethics and rules of conduct
(Theosophy Library Online 2003).
Aesclepiades of Prusa, in the first century B.C., used
mania in a more global sense to include paranoia (a more
cognitive disorder) as well. This is reminiscent of our own
tendency to speak of madness in everyday parlance as the
general term for severe mental illnesses (psychoses)—as if
being wildly and uncontrollably mad (the root meaning of
µηνις, as in the Iliad’s “wrath of Achilles”) was the quintessential form of “craziness.”
Greece by this period having passed its zenith, the
authors of importance stemmed either from Greekspeaking or Latin-speaking countries. Aulus Cornelius
Celsus (25 B.C.–50 A.D.) described epileptic “madness,”
hebetude, phrenitis (which involved fever and inflammation of the brain as the primary cause of mental derangement), hysteria, melancholy, and wrathful as well as euphoric manias; in addition, he described alienation that
might be accompanied by visual or auditory hallucinations and might be found in young persons (Celsus 1528).
Here we have an intimation of dementia praecox, although without the detailed clinical descriptions that
would allow us more meaningful comparison between the
ancient and the modern forms of cognitive madness. Celsus also wrote of paranoid illnesses that had been called
παραφροσυνη (paraphrosune) by Hippocrates, and later
by Galen when speaking of the chronic form. The lexical
meaning is that of mental derangement.
The physician of this early period next most famous
after Hippocrates was Claudius Galen of Pergamum
(129–199 A.D.). Galen is known not so much for the originality of his ideas as for his methodical collection of medical thought from the time of Hippocrates to Galen’s own
time, from which he created his massive compendium
(Galen 1551).
Galen accepted humoural theory but applied it less
strictly than had his predecessors. Black bile was still the
prime factor in melancholy, but excess yellow bile was responsible for both mania and phrenitis. Galen described,
under the heading of morositas, a deadening of the emotional life (in the absence of delirium) that shares some
features with dementia praecox. Lexically, morositas conveys more the quality of peevishness or sourness. Galen
divided mental life into the attributes of imagination,
reason, and memory. The symptoms we associate with
schizophrenia, such as catatony and paranoia (paraphrosune) derived supposedly from interference with the imaginative function. Behavior that departed from social custom was considered alienation, particularly if the behavior
was bizarre. Related to this term was the label alienist—
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current well into the nineteenth century—for physicians
who treated mental illness.
Aretaeus of Cappadocia (modern Turkey), presumably
a contemporary of Galen (both were in the tradition of
Hippocrates), was a physician who wrote a comprehensive
textbook of medicine, part of which was devoted to mental
illness. He used the word melancholy to denote, as we still
do, a depressive condition. But all other forms of “madness” he referred to as mania. He believed there was, indeed, one entity called insanity, under which heading came
many other variants: paranoid delirious insanity, dysthymia (a term he used to describe “low spirits”), fanaticism (which he ascribed to excess religious devotion), catatonic or stuporous delirium, and hebetude. Some manic
patients, he mentioned, are “given to extraordinary phantasies; for one is afraid that some oil-flasks might fall…and
another will not drink, as fancying himself a brick, and
fearing lest he should be dissolved by the liquid” (Aretaeus
1856, p. 302). Aretaeus also describes certain young persons who imagine themselves poets or philosophers. The
one case he relates at some length is that of a carpenter
who worked well and skillfully while working in the house
he was building. But once he left his work and was out of
the sight of others, he would become “completely mad”—
yet if he returned to work, he quickly regained his reason
(p. 302). Unfortunately, we are not given any more information about the nature of his madness. But from the
above-mentioned catalog of conditions, it seems apparent
that Aretaeus was aware of several types of primarily cognitive madness, such as paranoid and delusory states and
fanaticism. It is not clear how the patients who exemplified
these labels would be diagnosed if transported magically
into our time and evaluated by current DSM criteria.
These rapid and puzzling shifts between normality
and some sort of delusory state are reminiscent of a man
mentioned by the poet Horace in his Epistles [1926, II:2].
This is the description in brief:
Once at Argos there was a man of some rank, who used
to fancy that he was listening to wonderful tragic actors,
while he sat happy and applauded in the empty theater—
a man who would correctly perform all other duties of
life, a most worthy neighbor, an amiable host, kind to his
wife....This man was cured by his kinsmen’s help and
care, but when he had driven out the malady...and come
to himself again, he cried: “Egad, you have killed me, my
friends, not saved me; for thus you have robbed me of a
pleasure and taken away perforce the dearest illusion of
my heart.” (pp. 128–129)

Because he functioned so well in all other spheres of
life, and even knew that what was so pleasurable for him
was in fact an illusion, we can only say that he labored under some cognitive peculiarity (Esquirol might have called
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it a form of monomania), although one that was so circumscribed and nondisabling as not to resemble dementia
praecox or schizophrenia.
Because the belief that the Devil could transform people into wolves (lycanthropes) was widespread in the ancient period, we cannot claim it was a cognitive madness to
entertain such a notion. A physician of the third century,
Marcellus, of whom we learn through the writings of a
Galenist, Oribasius (323–400), described lycanthropy, citing cases of persons who would wander about during the
night, usually in cemeteries, howling like wolves (Zilboorg 1941). It might be a less daring speculation to ascribe
a primarily cognitive madness to the deluded persons who
fancied themselves wolves, but even this is uncertain because we are given so few clinical hooks on which to hang
such a diagnosis. Belief in lycanthropy was not to die out
for another 1,500 years. During the days of the Spanish
Inquisition and beyond, one could find physicians who,
while doubting that the Devil could literally turn a person
into a wolf, nevertheless believed that he could deceive
certain persons into thinking that they had been so transformed, whereafter they behaved as wolves do (LeLoyer
1605; Sennert 1666).
In the sixth century A.D., during the height of the Byzantine empire, Aetius of Amida (527–565), who was personal physician to Emperor Justinian, wrote of dementia
in young people who had previously had modest but intact
minds but who subsequently appeared demented, but not
delirious. That is, they showed deterioration of mental
function without fever or clouding of consciousness.
Galen’s views on melancholia have come down to us via
the works of Aetius (Zilboorg 1941).
Also in Byzantium, Alexander of Tralles (525–605)
from Lydia (now Turkey) used melancholy as a catchall
term for all forms of insanity but still ascribed the differences in the various forms to imbalances in the four
humours. He spoke of more complex situations where
different combinations of humoural abnormalities accounted for variations in the clinical picture. Incoherent
speech and laziness in the young, for example, stemmed
supposedly from abnormal amounts of both black bile and
phlegm. Although we do not have sufficient information
to judge how close this picture was to our dementia praecox of adolescence, Alexander did describe a syndrome
characterized by emotional blunting, apathy, abulia, and
negativism (refusal to answer questions) (Howells 1993).
Another type of insanity was that of paranoia whose course
ended in dementia. Still another was that of mystical and
religious “deliria,” perhaps akin to the schizophrenia-like
display of paranoia and religious delusions depicted in the
early nineteenth century by Karl Ideler (1841) as “religiöser
Wahnsinn” [“religious madness”].
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The last of the great physicians of Byzantium was Paul
of Aegina (629–690) of the Alexandrian school in Egypt.
He worked also in Asia Minor and is of particular importance in that he transmitted classical Graeco-Roman
medical knowledge to the Arab scholars who had begun
to rise to prominence in the decades following the death
of Mohammad (632) and the rapid expansion of Islam. Although primarily a surgeon, he turned some attention to
mental illnesses, describing such entities as catatony and
demonic possession (including cases where patients felt
themselves influenced by the divine and gifted with the
power of prophesy). Negativistic or (as we would think of
them) catatonic cases of the type mentioned by Alexander
of Tralles were ascribed by Paul to damage of the phlegm
in the rear ventricle of the brain. Such patients would remain immobile in whatever position they had been placed,
seeming scarcely to breathe, and would refuse food.

ISLAMIC PHYSICIANS
OF THE MEDIEVAL PERIOD
Having taken Alexandria in 640, the Arab armies had, by
711, conquered Egypt, Babylonia (coextensive with modern Iraq), Persia, Syria, and, in the West, the Maghreb
(northern Africa) and most of Spain. Persian and Arab
medicine began to supplant Graeco-Roman medicine,
while having borrowed from it extensively. Although the
Islamic physicians were strongly influenced by Aristotle,
Hippocrates, and Galen, they added to the catalog of
mental illnesses some syndromes not hitherto described.
For the most part, however, they were known more for
their extensive compilations and their recommendations
about treatment than for originality of ideas in the domain
of what would later (in the early nineteenth century) be
called psychiatry.
Among the important physicians of this early Islamic
period were Rhazes of Baghdad (860–930) and his contemporary Najab ud-din Unhammad. Najab is credited
with having described some thirty diseases of the mind,
subsumed under nine different headings. Most of these
were variants of mania and a form of depression called
“lovesickness” (ishk in Arabic). Among the disorders described, the closest one to the notion of a cognitive disorder is a disease in which the patient imagines himself
possessed by a demon or spirit (jinn); this may end in a
chronic form of madness (janoon) characterized by restlessness, taciturnity, and aggressiveness.
The most famous name among the medieval Islamic
physicians is that of the Persian-born Avicenna (980–
1037), whose eclecticism and industriousness as a com-

piler of all medical knowledge mirror those same qualities
in Galen. Melancholia, for Avicenna, was still a condition
of black bile, whose origin was in the area below the diaphragm (i.e., the hypo-chondria: below the rib cage), in
the stomach, liver, or spleen. The supernatural played no
role in Avicenna’s psychology: he did not accept the notion of “demons” as playing any role in mental illness. Mania and melancholy are given more detailed treatment in
Avicenna’s Canon (1999), but there is little that suggests
primarily cognitive disorders.
The last of the great Islamic physicians who influenced
Western European medicine were the Spanish Moors
Avenzoar of Seville (1091?–1162) and his pupil Averrhoës
of Cordoba (1126–1198). Avenzoar was in contact with
the French physicians of Montpellier. In his view, insanity
resulted from weakening of the heat of the blood, rendering the brain cool and moist—an idea borrowed from
Aristotle.

MEDIEVAL AND
RENAISSANCE EUROPE
The Reconquista, completed by the expulsion of the Moors
from Granada in 1492, put Western Europe back under
Christian control and led to the resurgence of European
physicians, who dominated medical thought in the succeeding centuries.
But freedom of thought was for a long time hampered
by the preoccupation of the Church with heresy and with
the persecution, whether as infidels or as witches, of those
suspected of heretical thought. No nice distinctions were
made between delusion and “improper thought,” such
that some were considered “mad” who were merely freethinkers or otherwise unconventional. And if such madness offended the Church, sorry fates awaited: at best,
excommunication; at worst, burning at the stake. The empiricism of the Graeco-Roman and Arab physicians gave
way once again to belief in external causes of madness,
such as possession by demons or the work of the Devil.
Thus in fifteenth-century Europe, for example, persons
who saw visions or heard voices were apt to be persecuted as witches—although some of them may have exemplified the elusive cognitive madness we have been at
pains to trace.
Voices of reason were still heard during this time. Bartholomaeus Anglicus in the thirteenth century expressed
the view that madness came sometimes from the passions
of the soul, from sorrow or dread or excessive study, or
sometimes from strong drink (Howells 1993). In the early
fourteenth century Bernard de Gordon (ca. 1258–1318)
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spoke of a juvenile stoliditas in which young persons
mouthed empty words in sentences that trailed off, as if
they did not know what they were saying. Again, the description is skimpy, so we cannot tell definitively whether
this stoliditas overlapped significantly with our (juvenile)
dementia praecox.
So long as the causes of mental illness were sought in
imbalances of the humours, in demonic possession, or in
abnormalities of the brain ventricles, little attention was
paid to mental patients as individuals with life histories
that may have played a role in their illness, or as persons
who came from families with similar conditions. We know
much more of the lives of kings and queens than we do of
people in ordinary life. But now and again we get glimpses
of what must be familial madness or of life stories that
probably helped to launch, if not cause altogether, a case
of lunacy or insanity—as psychosis would then have been
called. Here we can cite the story of two fifteenth-century
kings: Charles VI of France (1368–1422) and his grandson, Henry VI of England (1422–1471). Charles became
ill at age 24, making silly remarks and acting in an undignified manner. He became violent when warned of
treason and killed four innocent people with his own
sword. He recovered and relapsed at yearly intervals, now
remembering who he and his family members were, now
forgetting them all, including himself (he called himself
“George”), and he would run about wildly and act obscenely. He ultimately became indifferent to all, listless,
and self-mutilative. Later, his pious, weak-willed grandson, Henry, went mad at age 31 and lost his memory, only
to recover briefly before succumbing again, hearing voices
and seeing visions. He may have lapsed into a catatoniclike stupor. Eventually he was imprisoned in the Tower of
London and murdered there in 1471 by Edward IV, the
son of Richard of York (Howells 1993). Although cognitive distortions were present, the recurring nature of
these psychotic conditions puts one more in mind of bipolar mania. Unlike our typical manic patient, however,
Henry VI was a simple and deeply religious man who
hated violence and whose disposition was not stormy or
volatile. Some have considered his illness as akin to our
catatonic schizophrenia. As with other “mad” persons of
this era, we do not have enough details to say whether
Henry’s illness was primarily cognitive or affective.
A century later, we encounter the extraordinary Hungarian countess Erzsébet Báthory (1560–1614) and her
relatives (Penrose 1996). In a sort of midlife crisis after the
death of her husband in 1604, having become worried lest
her beauty decline with age, the countess took to having
her servants waylay young girls from the countryside and
transport them to her castle. There she would have them
suspended on hooks, whereupon she would slit open their
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abdomens, press her body against that of the dying girls
(experiencing orgasm as she did so), and then collect their
blood in a tub so that she might preserve her beauty by
bathing in the blood of virgins. Her moods were said to
have fluctuated with the cycle of the moon; she was also
given to headaches that led to “fits of possession,” which
have been viewed as epileptic seizures. Her uncle, Stephen
Báthory, king of Poland, also had epileptic seizures. Her
brother, Istvan, was “half-mad,” extraordinarily cruel like
his sister, and insatiable sexually (“satyriasis”). Another uncle, also named Istvan, confused summer and winter and
rode around in a sleigh in July, his servants scattering white
sand along his path to simulate snow. He was also known
for his cruelty. A cousin, Gábor, complained of being poisoned by the Devil. And her paternal aunt, Klara, killed
her first two husbands and had her lover killed, skewered,
and roasted on a spit. Whether Erzsébet’s madness can be
assigned to epilepsy alone, for which there seemed to be
a hereditary tendency, is hard to say. What seems indisputable is that there was a strong cognitive component to
the madness, not only in her but in other members of her
family, independent of whether the illness was primarily
cognitive (hence closer to our schizophrenia) or affective
(like our bipolar illness).
Johann Weyer (1515–1588), whom some consider the
father of modern psychiatry (an appellation others reserve
for Pinel), is important to our story not for having described a schizophrenia-like form of madness so much as
for having debunked the notion of witches, sorcerers, and
devils in his famous monograph De Praestigiis Daemonum
(Weyer 1564). Fortunately, Weyer lived near the Dutch
border, outside the pale of the Inquisition; otherwise, he
would have paid with his life for his heretical assertions. It
was Weyer’s courage that paved the way for a more rational understanding of severe mental illness; gradually the
burning of “witches” was replaced by the humane treatment
of those mentally ill persons who were no longer regarded
as instruments of the Devil. Some physicians occupied a
middle position, elaborating more modern conceptions of
mental illness based on their own observations yet still willing to ascribe the conditions partly to the work of the
Devil. The Swiss Felix Platter (1536–1614) is an example.
He felt that heredity played a role in certain disorders, and
lesions of the brain in others, but he also clung to the
Galenic notion of humoural imbalance as a factor. Some
cases of mania he felt were caused by poisons (Platter
1602) and others by the bite of a rabid dog. He actually
spent time in the dungeons where the insane were kept in
his town, learning of their illnesses at first hand. Platter
used the term mentis alienatio (alienation of the mind)
in referring to the condition of certain persons interned
in the dungeons.
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THE SEVENTEENTH AND EIGHTEENTH
CENTURIES: THE ENLIGHTENMENT
The eighteenth-century European philosophical movement known as the Enlightenment had its roots in the scientific revolution of the seventeenth century and in the
ideas of Locke and Newton. Reason became the guide to
all knowledge and all human concerns. The authority of
the Church had grown weaker, thanks in part to the easier
availability of books (after Gutenberg’s press came into
use in the mid-fifteenth century) and to the Protestant
Reformation.
The Enlightenment gained momentum in the eighteenth century with the stimulus of Rousseau and Voltaire. The American and French revolutions gave further
impetus to the ideals of freedom and liberty. The authority of the nobility also diminished; the voice of the individual, including the individual in ordinary circumstances, was
heard as never before. Toward the end of the eighteenth
century, the voice of the individual with mental illness was
also heard for the first time.
Attachment to humoural theory was still a prominent
feature of seventeenth-century medicine, dwindling only
gradually with the passage of time. The physician to
Louis XIV, Lazarus Riverius (1589–1655), for example,
recognized an abbreviated nosology consisting of three
disorders: phrenitis, mania, and melancholy (Sedler 1993).
Cognitive abnormalities were present in both mania and
melancholy, and thus disorders that might have approximated our concept of schizophrenia could have been
grouped in either category.
The delusions associated with melancholy resemble
those of our psychotic depression: some patients felt they
had been changed into corn and might be eaten by hens;
others, that they were made of melting wax and must avoid
the fire; still others fancied themselves dead and would
neither eat nor drink. There were those who tried not to
urinate lest the world be drowned in a second deluge.
The Scottish physician Sir Richard Napier (1559–1634)
became a celebrated healer who treated thousands of
patients during his long career (Macdonald 1981). He
described madness of two main types: violent and nonviolent. The latter type was subdivided into madnesses
of thought, mood, and action—the classical tripartite attributes of mind. If any syndrome resembling schizophrenia were present among his cases, it would belong to his
thought-madness category. Some of Napier’s patients were
frankly delusional; they might act in a frantic manner, rant
incomprehensibly, laugh strangely, and at times act violently. If we try to superimpose on Napier’s roster our
schemata of idiopathic, genetically based schizophrenia,

with phenotypes existing alongside a proportion of “phenocopies” caused by endocrine disorders, viral infections, neurosyphilis, and frontal lobe tumors (as in the case of George
Gershwin’s temporal glioma—which had been treated as
if “paranoid schizophrenia”), we can appreciate how difficult it is to make sense of the seventeenth-century cases.
For in amongst the true cases of idiopathic cognitive madness, there must have been patients with head injury, viral
brain disease, endocrine disorders, smallpox, and a host of
other phenocopies, making it impossible to tease out the
genuine cases (which we now acknowledge as having a biological basis) from those stemming from brains that were
grossly injured or diseased. Cultural factors are another confounding element. In an age when respect for one’s parents
was obligatory, even if one had been grossly mistreated,
someone who complained bitterly about his or her parents was considered “mad” (somewhat analogously to
Russian citizens being considered “soft schizophrenics” if,
before 1989, they spoke out against the Communist regime) ( Jablensky 2000).
Napier’s empiricism represents a refreshing change
from the Galenic traditions in which physicians of the
mentally ill had remained mired for so many centuries.
But it was the more famous English empiricist Thomas
Willis (1621–1675), discoverer of the eponymous “Circle
of Willis” arterial circuit at the base of the brain, who described a clinical picture that seems familiar to us as juvenile dementia praecox. Here is the passage from his major
work De Anima Brutorum (Willis 1672):
There are many clear causes by which dullness may be
induced in a number of formerly healthy persons. These
persons, who once upon a time were clever and gifted,
gradually become, without any great changes in their
way of life, duller (hebetiores), and indeed foolish and
insipid....A good number, having been to a high degree
intelligent during childhood, and extremely quick to
learn, end up in adolescence enfeebled and dull. Where
they were handsome in aspect before, they are now without gracefulness or pleasant demeanor. (p. 509, my translation)

We would feel on more secure ground in calling such
cases “schizophrenic” if Willis had added examples of delusional thinking and auditory hallucinations. But he was
mainly a neurologist, attuned to the more readily discernible signs in the domains of affect and action.
Toward the end of the seventeenth century the author
of the first English treatise on dermatology, Daniel
Turner (1667–1741), wrote, in a book devoted to syphilis,
of a married man who was convinced he had contracted
this disease from a woman he had had relations with some
9 years earlier. The extract in Hunter and Macalpine
(1963) shows the evolution of the man’s illness as it wors-
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ened from the level of an obsession (specifically, syphilophobia) to a fixed delusional state from which no remedy
available to Dr. Turner could restore him. He ended his
days at the home of a relative, speaking to no one and
checking himself constantly in the mirror to see that his
nose had not yet fallen off from the (imaginary) disease.
The distinction between severe obsessive-compulsive
disorder and schizophrenia is not always easy even in our
day. Without either the neuroleptics or the serotonin reuptake blockers that would become available 300 years
later, this man’s condition simply ran its malignant course:
a primarily cognitive “madness,” by all appearances—
though whether schizophrenia or obsessive-compulsive
disorder we cannot say for sure.
By the middle of the eighteenth century, although
terms like melancholy, mania, and lunacy were still part of
their vocabulary, physicians who treated the mentally ill
no longer invoked humoural theory as explanatory. William Battie (1703–1776), who wrote the first textbook of
psychiatry in the English language (Battie 1758), became
the governor of Bethlem Hospital, where he instituted
many reforms to improve the treatment of the insane. (A
corruption of the name Bethlem, by the way, has given us
our word bedlam, as a synonym for chaos and wild disorder—presumably a common state of affairs in places that
housed the severely mentally ill.) Battie spoke of “deluded
imagination,” which for him was an essential characteristic of madness: one that “precisely discriminates this from
all other animal disorders—or that man alone is properly
mad, who is fully and unalterably persuaded of the existence or the appearance of any thing, which does either not
exist or does not actually appear to him, and who behaves
according to such erroneous persuasion” (Battie 1758,
p. 6). Battie’s description is that of a primarily cognitive
madness—although in the absence of other distinguishing
characteristics, the condition is compatible with either
our schizophrenia or bipolar mania. Battie makes a useful
discrimination between what he called original and consequential madness:
There is reason to fear that Madness is Original, when
it neither follows nor accompanies any accident, which
may justly be deemed its external and remoter cause.
Secondly, there is more reason to fear that, whenever
this disorder is hereditary, it is Original....Thirdly, we
may affirm that Madness is Original, when it both ceases
and appears afresh without any assignable cause.…
Madness [that] is consequential to other disorders or external causes…now and then admits to relief by the removal
or correction of such disorders or causes. (pp. 59–61)

Schizophrenia of insidious onset and positive family history would be classified, in Battie’s schema, as a form of
“original madness.”

In the latter part of the eighteenth century, Thomas
Arnold (1742–1816), another English physician and the
owner of a large private “madhouse,” is known to us primarily for his two-volume treatise on the classification of
mental illnesses (Arnold 1782). His main categories—
ideal insanity and notional insanity—both contain subgroups manifesting some primarily cognitive and some
primarily affective or even behavioral abnormalities. By
ideal he meant having to do with abnormal ideas and disturbances of memory; by notional he referred to more fully
fleshed-out delusions, fancies, and whims. But abnormalities of personality that we would regard as narcissistic or
psychopathic were also placed in the “notional” category.
The more clearly cognitive form of madness he placed
under the “delusive” type of notional insanity: “[W]ith the
sound and unimpaired use, in every other respect, of the
rational faculties…the Patient is under the Influence of
the most Palpable, and extraordinary Delusion…such as
having imagined himself to be dead” (Vol. 1, p. 135).
The Scottish physician William Cullen (1710–1790),
to whom we owe the term neurosis, advocated the use of
another term, vesania, for disorders of the intellectual
functions (Cullen 1784). Cullen introduced the term
paranoia into the English literature, as a by-product of his
conviction that the time had come for a new nosology
based on the advances in his day in both pathology and
clinical observation (Hunter and Macalpine 1963). He reserved vesania for “lesions of the judging faculty.” When
these deficits occurred in the absence of fever or obtunding disorders of the brain, Cullen preferred the term
insanity, a concept that comes close to the future descriptions of schizophrenia. Missing from Cullen’s book are
any illustrative clinical vignettes that would allow us to estimate the degree of concordance between his nosology
and ours.

THE NINETEENTH CENTURY
The waning years of the eighteenth and the beginning
years of the nineteenth century witnessed a sea change in
the way the mentally ill were seen and described. These
years correspond to the period of Romanticism. This movement placed the individual at the center of his or her own
world and encouraged the free expression of feelings and
emotion. The works of Goethe (especially his novel The
Sorrows of Young Werther) and Byron, and in music those
of Schumann and Chopin, are exemplars of Romanticism.
Paralleling this change in society was the change in psychiatry, where detailed descriptions of mentally ill patients, and even of their early life histories, began to appear
in the pages of the prominent authors of this new period.
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The term psychiatry itself, originated by Johann Reil (1759–
1813) in his Rhapsodien (1803), became accepted into common medical parlance; likewise, alienist gave way to psychiatrist as a name for the practitioner.
Arguably, the first case from the past that strikes the
contemporary ear as a genuine example of schizophrenia
is that of a patient in Bethlem Hospital. Confidentiality
about patients’ names was not yet mandatory, so we know
the patient by name: James Tilly Matthews. His family
had hired lawyers in hopes of having him released; he had
been in Bethlem already 13 years when Haslam wrote up
the case (which tells us something about the course of illness). Here are some of the comments from Haslam’s
lengthy description:
Mr. Matthews insists that in some apartment near London Wall, there is a gang of villains profoundly skilled in
Pneumatic Chemistry, who assail him by means of an Air
Loom. The assailants of the gang use different preparations for the purposes of “assailment” [Matthews’s term
for the ways in which the gang harass him]: Seminal
fluid, male and female—effluvia of copper—ditto of sulphur—the vapours of vitriol and aqua fortis—effluvia of
dogs—stinking human breath—stench of the cesspool
[the list goes on]. [The operations that the gang perform
on Matthews consist of:] “fluid locking” by which the readiness of speech is impeded, “cutting soul from sense” so that
the sentiments of the heart can have no communication
with the operations of the intellect; “stone-making”—forming a calculus in the bladder of any person impregnated;
“thigh-talking” where the gang contrives to direct their
voice-sayings to the external part of the thigh, so that the
organ of hearing is lodged in that situation; “thoughtmaking”—while one of these villains is sucking at the brain
of the person assailed, to extract his existing sentiments,
another of the gang…will force into his mind a train of
ideas very different from the real subject of his thoughts.
...” (Haslam 1810, pp. 20–35, but the list of infernal machines goes on for many pages)

Although Schneider’s “first-rank symptoms” (1959)
(among them, thought withdrawal and thought broadcast;
see Table 1–2) are not as “pathognomonic” of schizophrenia as Schneider had asserted (Carpenter et al. 1973),
since they can occur in mania as well, Matthews’s prolonged course of psychosis and the bizarre twists to his
paranoid thoughts—including the “Schneiderian” abnormalities—make a powerful argument that Matthews was
indeed schizophrenic by modern criteria.
In France, Jean Etienne Esquirol (1772–1840) may
well have seen similar patients, but he still used broad
terms like mania in ways that covered both the affective
and the cognitive psychoses. He mentioned in his great
1838 text, for example, that “maniacs are remarkable for
their false sensations, illusions, and hallucinations, and for
the improper associations of ideas, which are reported

TA B L E 1 – 2 . “Pathognomonic” symptoms of
schizophrenia, as formulated by Kurt Schneider
A. Hallucinatory
1. Patient hears hallucinatory voices speaking his thoughts
aloud.
2. Patient experiences himself as the subject about whom
hallucinatory voices are arguing or discussing.
3. Patient hears hallucinatory voices describing his activity
as it takes place.
B. Delusional
4. A normal perception is followed by a delusional interpretation of a highly personalized significance.
C. Pertaining to ego boundary
5. The patient is a passive and reluctant recipient of bodily
sensation imposed from the outside (Somatic Passivity).
6. The experience of one’s own thoughts as though they
were put in one’s mind by an external force (Thought
Insertion).
7. Patient believes his thoughts are being removed from his
mind by some external agency (Thought Withdrawal).
8. The experience of one’s thoughts being magically transmitted to others (Thought Broadcast).
9. Affects experienced as controlled externally.
10. Impulses experienced as controlled externally.
11. Motor activity experienced as controlled externally.
Source.

Schneider 1959.

with great rapidity and without order or connection” (Esquirol 1838, Vol. 2, pp. 132–133). Furthermore, mania is
distinct from monomania, in that there is a disruption
(bouleversement) of all the intellectual faculties, rather than
just of one as in the monomanias. Esquirol also spoke of
délire as primarily a disturbance of perception, as when a
person’s ideas are not in keeping with his or her perceptions—the most common cause of which is hallucinations
(Berrios and Porter 1995). This notion of a split between
different agencies of the mind is reminiscent of the split
Bleuler would later speak of between thought and affect.
Others used the term délire in a different way: for ÉtienneJean Georget (1820), it signified either a disorder of the
intellect or an illness of the brain. For permanent conditions, such as that of Haslam’s patient, Georget used
folie—a term as general and vague in outline as délire. As
Berrios and Porter point out, by the late-middle nineteenth century the notion of an Einheitspsychose (see Zeller
1844) had become popular; according to this notion there
was but one psychosis, with a variety of outward differences attributable to environmental and other factors.

History of Schizophrenia and Its Antecedents
Zeller’s position is echoed in the remarks of Heinrich
Neumann (1814–1884), a contemporary of Morel and
Griesinger, who in his unhappiness with the existing classificatory systems also insisted: “There is but one type of
mental disturbance and we call it insanity” (Neumann
1859, p. 167). This view seems like a return to the taxonomy of Aretaeus, for whom (besides melancholy) there
was only mania in its multiple forms.
What was becoming clear in the early part of midnineteenth century was that the cross-sectional view of
mental illness—the display of symptoms at a given point
in time—might not be the most reliable index of the underlying condition. We now begin to see increasing interest in the longitudinal view: the onset, course, and outcome
of the condition in question. In Haslam’s patient, for example, it was the chronic, malignant, and unvarying
course of the illness that gave it the stamp of schizophrenia rather than of mania or some other psychosis. These
are the features that Kraepelin would emphasize in his description of dementia praecox at the end of the nineteenth
century.
Kraepelin’s term, as noted above, derived from the
démence précoce of Morel, for whom mental disease represented the breakdown in the unitary, coherent functioning of the three mental compartments, “feeling, understanding, and acting” (i.e., affect, thought and
behavior). Morel saw mental illness as the result of hereditary weakness and drew attention to the “degeneration”
observable in the forebears of his démence précoce patients,
whose fathers were often addicted to alcoholic or narcotics (Morel 1860). The patients Morel described under this
heading were generally adolescents or young adults. Influenced by Darwin, Morel looked in his young patients
for physical signs of malformations and peculiarities that
might represent inherited features that were associated
with the early onset of mental deterioration.
For much of the second half of the nineteenth century,
many of the important contributors to our understanding
of schizophrenia were German. To put their ideas in perspective, it will be helpful to look at the work of their predecessor Karl Ideler (1795–1860), director of psychiatry
at Berlin’s Charité Hospital. Ideler was one of the first in
psychiatry to show a strong interest in the psychology of
his patients: the ways in which their early experience
shaped the direction of their thoughts, and their illnesses,
when they later succumbed to mental disorders. To this
end he wrote a series of lengthy biographies of mental patients (Ideler 1841). There had been an earlier collection
of such biographies during this Romantic period by a lay
author, Christian Spiess (1796), but Ideler may be the first
psychiatrist to give us such accounts. More remarkably,
Ideler also mentions in his biographies some of the trau-
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mas suffered by his patients in their childhood—including
physical abuse by a parent. His are some of the earliest
such descriptions in the psychiatric literature. Case #9 of
the Biographies, for example, concerns a woman, born in
1805, whose father was an alcoholic miller—physically
abusive both to his wife and his daughter. The daughter
leaves home at age 15 to do house-service in various
homes, and later she marries a “wild drunkard” who periodically smashes glassware and throws the pieces at her.
She has two children by him, endures his abuse for 4 years,
and then contemplates divorce. At that point she has a religious delusion in which
an angel in the form of a winged 12-year old boy enters
her house, telling her that he has come from God in order to announce to her that she should divorce her husband, that all her sins are forgiven, and that she has been
sent to all mankind to bring to them penance and conversion. Filled with joy, she is about to take the angel by
the arm to caress him, when he flies out the window.
(Ideler 1841, p. 184, my translation).

Remaining entrenched in this delusion for some 5 years,
the woman is eventually admitted to the Charité Hospital,
where she continues to have religious delusions as well as
dreams in which God commands her to preach to the people. Ideler saw as the force behind her delusion the irreconcilable conflict between her sense of holiness and her
feeling of sinfulness for having divorced, having been
raised to believe it was God’s will that a wife remain with
her husband.
Because her delusion was circumscribed, not as allencompassing as Matthews’s, it might be considered a
religious-type monomanie by Esquirol, and perhaps an
“atypical schizophrenia” or “schizoaffective disorder” under current criteria.
We do not again encounter this fine sensitivity to the
psychodynamics until Freud’s time. For Ideler’s successor
at the Charité, Griesinger, mental disease was brain
disease; psychiatry and neurology were one. He had no
patience for what could not be observed directly; his
was a psychiatry without psychology and represented a
total break with the spirit of Ideler and the Romantics.
Griesinger, a pupil of Ernst Zeller (1804–1877), at first
recognized only affective and reversible disorders as “primary.” But after hearing a lecture by Ludwig Snell in 1865
on “monomania as the primary form of mental disturbance,” Griesinger found himself in agreement, and in a
subsequent lecture of his own in 1867 he spoke of primäre
Verrücktheit (primary insanity)—the same idea as Snell’s
(Janzarik 1987). It was at this point, a year before his
death, that Griesinger gave up the traditional system of
classification in favor of the newer one, where “insanity
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could become manifest even in the absence of (previous)
melancholia or mania” (Janzarik 1987, p. 11). This new
approach paved the way for Griesinger’s pupil, Kraepelin,
to rework the idea of a primary cognitive psychosis into
his concept of dementia praecox.
The division of psychotic disorders into two broad
groups, the affective (represented by melancholy and mania)
and the cognitive (as dementia praecox or, later, schizophrenia), was hampered in Griesinger’s day and for a few
decades beyond by the way in which “mania” continued to
spill over conceptually into the cognitive area (as Wahnsinn
or madness). It took some time for psychiatry to accept
the more restricted use of the terms melancholy and mania
to refer only to affective psychoses—even though the
groundwork had been laid in the 1850s, after Jean-Pierre
Falret (with his folie circulaire) and Jules Baillarger (with
his folie à double forme) had emphasized the commonality
and interchangeability between the “up” and “down” forms
of affective illness.
What one saw instead in the years between Griesinger
and Kraepelin was the proliferation of syndromes and
conditions of a primarily cognitive nature—each with its
own designation. Among the names associated with these
conditions are persecutory delirium, folie raisonnante, folie lucide, sensitive Beziehungswahn, and paranoia. Taking a page
from Cullen, Karl Ludwig Kahlbaum (1828–1899) spoke
of vesania typica (Kahlbaum 1863).
Later, Kahlbaum (1874) described cases of catatonia—
in which mental deterioration is accompanied by muscular rigidities, peculiar attitudes and postures, and stuporous states, along with a tendency, in speech, to verbigeration (a term coined by Kahlbaum). The term catatonia was
an old one, going back to ancient times; catatonic stupor
without melancholia was earlier described by Louis
Delasiauve in France in 1851 (Berrios and Porter 1995).
Meantime, Kahlbaum’s pupil Ewald Hecker (1843–1909)
described hebephrenia (Hecker 1871), as a rapidly deteriorating form of adolescent cognitive psychosis, ending
in extreme silliness and inappropriateness of thought and
affect.

MOVING INTO
THE TWENTIETH CENTURY
It remained for Emil Kraepelin (1855–1926) to find the
red thread that ran through the myriad variants of cognitive psychosis, each with its separate label. Like his teacher,
Griesinger, Kraepelin was more interested in symptoms,
and in the biological abnormalities he assumed underlay
them, than in the minute details of the psychological lives

of the many thousands of patients and their case histories
that he encountered over the course of his long career. He
suggested the term dementia praecox (Kraepelin 1893) as
the main heading of which the many diagnostic entities
were only variants or subgroups. Now subsumed under the
new heading were Hecker’s hebephrenia, Kahlbaum’s catatonia, Snell’s monomania, Griesinger’s primary insanity,
Kretschmer’s paranoia, and others (Sass 1987).
Later, Kraepelin included also the folie raisonnante
(reasoning madness) of Sérieux and Capgras (1909)—although some contest the wisdom of considering this a
variant of dementia praecox because of the absence of the
hallucinations and other stigmata of the latter disorder. It
is worth a moment’s digression to give the reader a taste
of the symptomatology of folie raisonnante, from Sérieux
and Capgras’s book: Having fallen ill with this condition,
a certain Madame X was hospitalized by her family—for
whose action she conceived a profound bitterness that made
her convinced they were “against” her. As the authors described it:
Madame X studied minutely the letter she received
[from her family]. The punctuation marks, the orthographic mistakes, allowed for many interpretations. Her
brother wrote her “nous désirons ta guérison” [we wish
for your recovery]—to which she remarked that the period was larger than usual. This should therefore read:
“nous ne désirons point ta guérison”—that is, “we don’t
wish for your recovery at all.” (p. 21, my translation)

As for Capgras, he is of course famous for describing
the subtype of paranoia in which the patient is convinced
that the person before him or her (usually a close relative)
is not that person at all, but a “double” who is merely impersonating the original. As it turns out, there are certain
patients who, in addition to showing folie raisonnante or
Capgras’s syndrome, have additional symptoms of schizophrenia; they show more, that is, than mere delusional disorder (as described by Kendler) in the absence of other
cognitive abnormalities. Such patients would deserve inclusion in Kraepelin’s dementia praecox as he originally
described it.
Besides unifying all these conditions under his dementia praecox, Kraepelin focused on the long-term course,
rather than just on the symptoms, and expressed the view
that dementia praecox had a generally downhill progression, beginning in adolescence or early adulthood and
ending in chronic mental deterioration. Many dissenting
voices were heard: Else Pappenheim, Sergei Korsakoff,
and Ernst Meyer all objected to the gloomy conclusion to
which Kraepelin’s research had led him, even though he
himself acknowledged that only about one patient in eight
recovered without lasting defect (Zilboorg 1941).

History of Schizophrenia and Its Antecedents
Eugen Bleuler (1857–1939), whose famous monograph
was published in 1911, agreed with Kraepelin on many
points. His book was called, in deference to his colleague,
Dementia praecox, oder die Gruppe der Schizophrenieen (Bleuler
1911). This assumes a “group” of related disorders to be
placed under the new term schizophrenia, which he preferred
to dementia praecox for at least two reasons. Bleuler was more
optimistic about the long-term outcome of the condition
and wished to find a label that was less freighted with a pessimistic prognosis. Also, schizophrenia lends itself to a descriptive adjective (schizophrenic) that one can then apply to
the patient or the diagnosis; dementia praecox lacks this advantage. Bleuler is well known for regarding as primary the
“four As”: Autism, Association defect, Ambivalence, and
Affect inappropriateness. The symptoms that Kraepelin
saw as primary—delusion, hallucination, formal thought
disorder, and negativism—were relegated to secondary
signs in Bleuler’s schema. Both Kraepelin and Bleuler believed that the condition was “endogenous” (Kraepelin’s
term), stemming from as yet undiscovered brain abnormality. Kraepelin hired Alois Alzheimer (1864–1915) to examine the brains of schizophrenic individuals in search of the
elusive abnormality—a task in which he failed, although he
did discover changes in neurological architecture that underlay “Alzheimer’s senile dementia.”
Because the “four As” can be found over a wider array
of mental disorders than is the case with Kraepelin’s primary symptoms—ambivalence is particularly common, for
example—Bleuler’s schema has been criticized as too general or nonspecific. Bleuler mentioned the illness of composer Robert Schumann in the 1911 monograph as
an example of “schizophrenia.” But Schumann has been rediagnosed convincingly in recent years with manic depression (we would currently call it bipolar disorder)—ending
in his suicide by starvation in 1856 (Ostwald 1985).
Bleuler respected Freud and the psychoanalytic movement and was more “psychologically minded” than Kraepelin—one manifestation of which was that Bleuler spent
considerable time, often on a daily basis, with the schizophrenic patients under his care at Zürich’s Burghölzli
Hospital. This rapprochement, coupled with Bleuler’s
more favorable view of schizophrenia’s outcome, probably
contributed to the enthusiasm during early years of the
twentieth century for the psychoanalytic treatment of
schizophrenic patients. Although evidence was accumulating that there was a strong genetic factor operating in
schizophrenia (Rüdin 1916; Kety 1976), contrarian voices
were heard to the effect that schizophrenia was merely a
“reaction” (Meyer 1952) that an adverse environment
could make manifest in anyone (Glover 1932).
Many of the successfully treated patients turned out,
on closer examination, to be manic-depressive (Vaillant
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1963). But particularly in the United States, there was no
real impetus to look more closely at the diagnostic standards in common use—until the advent of the neuroleptic
drugs, beginning with chlorpromazine, in the 1950s, and
the antimanic drugs, beginning with lithium, a little later.
Once medications became available to treat specific conditions, it made sense to look closely at the symptom display of one’s patients to ascertain whether they were good
candidates for one or the other class of drug.
The search for the optimal diagnostic criteria for
schizophrenia did not stop with Kraepelin and Bleuler.
New models were proposed in the middle years of the
twentieth century by a number of investigators in Europe.
The so-called Heidelberg school, which Kurt Schneider
(1887–1967) directed from 1946 to 1955, was especially
important—although Schneider’s first-rank symptoms of
schizophrenia had been annunciated earlier, in 1938 in
Nervenarzt, when he was director of a psychiatric research
group in Munich. What is striking about the Schneider
criteria is that all eleven are cognitive in nature—even the
last three, which have to do with affects, impulses, and
motor activity being experienced as controlled externally.
Schneider and his colleagues viewed schizophrenia as the
prototypical form of what I have been calling “primarily
cognitive madness,” and they were convinced they were
dealing with an essentially biologically based disorder.
The criteria suggested a year earlier by the Norwegian
investigator Gabriel Langfeldt (1937) were almost as exclusively cognitive in nature: his first two items—severe
derealization and depersonalization—occur with some
regularity in the affective disorders as well. Elsewhere I
have provided a full listing of these and other criterion sets
(Stone 1980). Eventually, even American psychiatry abandoned the Bleulerian criteria (while retaining the name
schizophrenia because of its convenience), adopting a more
neo-Kraepelinian stance. For example, in the current edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR; American Psychiatric Association
2000), the main criteria are those of delusions, hallucinations, and disorganized speech (the external accompaniment of disorganized thought).
But even as we have come to rely less on his diagnostic
criteria, Bleuler deserves considerable credit for emphasizing the nonhomogeneity of the condition: the “group”
of schizophrenias. For just as earlier medical terms like
dropsy and pneumonia turned out to cover a multiplicity of
etiologies, ongoing research into the genetics, neurochemistry, and neuroimaging of schizophrenic patients is
revealing not one, but a number of varieties of primarily
cognitive psychosis—interrelated, overlapping, but in
certain parameters distinct—that, currently at least, all
seem to fit under the heading of schizophrenia.
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The epidemiology of schizophrenia has progressed, over
the course of about a century, from bare essentials of descriptive accounts, surrounded by controversy, in the first
three quarters of the twentieth century to a surge in analytic epidemiological findings over the last two decades.
In this chapter, we review that history, focusing on the period since the review by Yolles and Kramer (1969) and
concentrating on results that are most credible methodologically and consistent across studies, particularly the
most recent developments.

view for DSM-III-R (SCID; Williams et al. 1992). In this
examination modality, the interviewing clinician uses a
guide that requires a certain minimum of questions to be
asked but leaves the judgment as to the presence of a sign
or symptom up to the examiner. The examiner can interrogate freely and cross-examine if necessary and need not
follow a strict order. The examiner must necessarily have
training in medicine as well as psychopathology because
organic causes of signs and symptoms of schizophrenia
are always possible. A disadvantage of this modality is its
expense.
Since about 1980, structured psychiatric diagnostic
instruments, such as the Diagnostic Interview Schedule
(DIS; Robins et al. 1981) and the Composite International
Diagnostic Interview (CIDI; Wittchen et al. 1991), have
been developed that can be administered by individuals
without clinical training. With these survey diagnostic instruments, the respondent determines whether a sign or
symptom is present or absent by answering a carefully
worded, standardized question posed by the interviewer.
The results of this method have never been completely
credible for disorders such as schizophrenia, in which lack
of insight is common.

METHODS
CASE IDENTIFICATION
Since the classic United States–United Kingdom studies
(Kramer 1969), there has been an emphasis on careful
diagnosis according to replicable methods in epidemiological work. The closest thing to a gold standard for
diagnosis is a semistructured examination, such as the
Present State Examination (PSE; Wing et al. 1967),
Schedules for Clinical Assessment in Neuropsychiatry
(SCAN; Wing et al. 1990), or Structured Clinical Inter-
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Prevalence and incidence of schizophrenia per 1,000 population
Prevalence

Area

Date

Author

Denmark

1977

Nielsen

≥15

Lifetime

1972

Munk-Jorgensen

All

Annual

1963

Wing

All

Annual

1963

Warthen

All

Annual

1963

Wing

≥15

Annual

1971

Hailey

All

Annual

1973

Walsh

≥15

Point

1986

World Health Organization

15–54

Annual

Baltimore, Maryland
Camberwell, England
Ireland
Portogruaro, Italy

Hampstead, England

Age (y)

Type

1982–1989

de Salvia et al.

≥15

Annual

1989

de Salvia et al.

≥15

Annual

1991–1995

Jeffreys et al.

All

Point

1991–1995

McNaught et al.

All

Annual

Rate

Incidence

2.7
0.12
7.0
0.70
4.4
0.11
8.3
0.22
2.7
0.19
5.1
0.14

Source. Selected from reviews by Eaton (1985, 1991), with additions of data from studies by Jeffreys et al. (1997), McNaught et al. (1997), and de
Salvia et al. (1993).

CASE FINDING
Two common methods of finding cases in epidemiological
studies are the survey and the register. In the survey
approach, an entire population, or a sample thereof, is
listed in some manner without regard to the presence or
absence of psychiatric disorder. Each person on the roster
is interviewed individually to determine whether he or she
meets the criteria for schizophrenia. The advantage of the
survey is that its results do not depend on whether the
individual is receiving treatment for the disorder. As such,
the most credible estimates for basic statistics of the disorder, such as prevalence, are determined via surveys of
this sort. The disadvantage is that schizophrenia is rare in
the population, which means that many individuals must
be queried to locate a sufficient number of cases for the
numerator of the rate. For example, if the prevalence rate
of schizophrenia is about 5 per 1,000, as discussed later in
this chapter, then to estimate the rate in three age groups
by two gender groups, with 30 in the numerator of each
of the resulting six cells, would require that 36,000 individuals be surveyed. If the survey is to be done with a medically trained interviewer, the expense is prohibitive. An
incidence study requires that the population be monitored over time, an even more daunting task.
The register method of case finding relies on treatment
facilities to organize their psychiatric admissions or outpatient files in such a way as to eliminate duplication between facilities. For registers that cover a known geographic or administrative area, the census of population

forms the denominator for the prevalence rate. Register
systems have less difficulty following up the population
through time and are able to estimate incidence as well as
prevalence. Registers rely on the diagnoses of treating clinicians, which have less reliability and validity than a research examination such as the SCAN or PSE. Furthermore, surveys have shown that 10%–50% of the persons
with schizophrenia do not enter the system of psychiatric
treatment and thus are omitted from the numerator of the
rates (Eaton 1985). Despite these shortcomings, the most
credible data on the epidemiology of schizophrenia come
from registers including inpatient and outpatient facilities
for an entire nation, in which the diagnosis is typically
made carefully according to the standards of the International Classification of Diseases and in which treatment for
schizophrenia in particular and health conditions in general is free.

DESCRIPTIVE EPIDEMIOLOGY
PREVALENCE
The point prevalence of schizophrenia is the proportion of
the population at a point in time that has the disorder. The
point prevalence of schizophrenia is about 5 per 1,000
population. The estimate depends on the age distribution
of the population; if persons too young to be at risk are
included in the denominator, for example, the estimates
will be lower. Table 2–1 presents findings from areas in
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Buckingham
Camberwell
Dublin
Hampstead
Ireland−3 counties
Manchester
Nottingham
Nottingham
Oxfordshire
Salford
Århus
Bavaria
Cantabria
Croatia
Finland
Germany
Groningen
Helsinki
Italy
Lundby
Mannheim
Moscow
The Netherlands−Hague
Portogruaro
Sweden
Brazil
Honolulu
Saskatchewan
Surinam
Trinidad
Vancouver
Beijing
Chandigarh R
Chandigarh U
Madars
Nagasaki
New Zealand

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Annual incidence per 1,000
F I G U RE 2– 1 .

Incidence of schizophrenia in selected studies published after 1985.

Criteria: study focus is the general population of a defined geographic area; diagnosis is made by a psychiatrist; case finding includes
inpatient and outpatient services; greater than 25,000 person-years of risk in age group studies. Dark bars represent the World Health
Organization study of incidence.

which credible estimates of both prevalence and incidence
are available. The range in prevalence in Table 2–1 is from
2.7 per 1,000 to 8.3 per 1,000, and this range would not
be much affected if several dozen other studies, available
from prior reviews, were included (Eaton 1985).
The types of prevalence estimates vary from point
prevalence, which would be expected to be the smallest,
to lifetime prevalence, which is the proportion of a population at a point in time that either has the disorder or has
had it over their lifetime up to the time of the estimation—presumably yielding the largest rate for a nonfatal
disorder such as schizophrenia. Lifetime prevalence has
been estimated by surveys with examinations by medically
trained persons, with resulting prevalence rates not too
different from those shown in Table 2–1 (Eaton 1985).

INCIDENCE
The incidence of schizophrenia is about 0.20 per 1,000
per year. The incidence rates presented are all estimated
for 1 year, making the comparison somewhat tighter. The
range in annual incidence in Table 2–1 is from 0.11 per
1,000 to 0.70 per 1,000, and this range would not be much
affected if several dozen other studies, reviewed elsewhere, were included (Eaton 1991, 1999). The presentation of prevalence and incidence figures from the same
areas in juxtaposition shows that the point prevalence is
usually more than 10 times the annual incidence, indicating the chronic nature of the disorder.
Considerable variation is seen in incidence rates around
the world, as shown in Figure 2–1. The dark bars in this
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0.20

Annual rate per 1,000

0.15
Males
0.10
Females
0.05

0
0 −14

15−24

25−34

35−44

45−54

55−64

Age at admission (years)
F I G U RE 2 – 2.
1982.
Source.

Age at onset of schizophrenia (ICD-8; World Health Organization 1967), by sex: Denmark, 1970–

Adapted from Munk-Jorgensen 1987.

figure represent findings from the World Health Organization study of incidence, which show a smaller variation,
presumably a result of the standardization of method
(Sartorius et al. 1986). The conclusion of that study suggested to some that there was little or no variation in
schizophrenia around the world, which would make schizophrenia a very unusual disease indeed. Figure 2–1 shows
variation greater than one order of magnitude, from a low
estimate in Vancouver, British Columbia, of 0.04 per
1,000 per year to a high estimate in Madras, India, of 0.58
per 1,000 per year. Both the Vancouver (Beiser et al. 1993)
and the Madras (Rajkumar 1993) studies were carefully
done, and their estimates are credible.
The force of morbidity for schizophrenia, as measured
by the incidence rate, peaks in young adulthood. Figure 2–2
shows estimates of incidence by age and sex for Denmark
in 1970–1982 (Munk-Jorgensen 1987). The peak incidence for males and females is in the decade 15–24. The
peak for young adults is more marked for males, and females have a second peak at age 55–64. This age-by-sex
shape to the incidence curve is consistent in the research
literature, even for a much broader diagnostic spectrum,

as in data from locations in the United States (Babigian
1985) prior to DSM-III (American Psychiatric Association 1980), which narrowed the diagnosis and made it
closer to that used in Britain and Europe. Figure 2–2 suggests that males have higher lifetime risk of schizophrenia,
which is borne out in a meta-analysis addressing that
issue, showing that males have about 30%–40% higher
lifetime risk of developing schizophrenia (Aleman et al.
2003).

NATURAL HISTORY
ONSET
The onset of schizophrenia is varied. In the classic longterm follow-up study by Ciompi (1980), about 50% had
an acute onset, and 50% a long prodrome. The intensive
study of the prodrome by Hafner and colleagues (1999)
suggested that onset of negative symptoms tends to occur
about 5 years before the initial psychotic episode, with
onset of positive symptoms much closer to the time of first
hospitalization.
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CHILDHOOD DEVELOPMENTAL ABNORMALITIES
Many long-term follow-up studies, both retrospective
and prospective, suggest that various signs, symptoms,
conditions, and behaviors are associated with raised risk
for schizophrenia, but none has sufficient strength or
uniqueness to be useful in prediction. Work on high-risk
groups showed that offspring of schizophrenic parents
were more likely to have a lower IQ, poor attentional skills,
thought disorder–like symptoms, poor social adjustment,
and psychiatric symptoms as compared with the offspring
of control subjects (for reviews, see Niemi et al. 2003; Tarrant and Jones 1999).
Although several concerns have been raised about the
generalizability of high-risk findings to nonfamilial forms
of schizophrenia, longitudinal studies conducted in the
United Kingdom, Sweden, Finland, and New Zealand
have provided evidence that individuals with schizophrenia differ from their peers even in early childhood in a variety of developmental markers, such as the age of attaining developmental milestones (Isohanni et al. 2001; Jones
1997; Jones et al. 1994), levels of cognitive functioning
(David et al. 1997; Gunnell et al. 2002), educational
achievement (M. Cannon et al. 1999; Done et al. 1994;
Isohanni et al. 1998; Jones et al. 1994), neurological and
motor development (M. Cannon et al. 2002a; T.D. Cannon et al. 1999; Leask et al. 2002), social competence
(Done et al. 1994; Malmberg et al. 1998), and psychological disturbances (Malmberg et al. 1998). No common
causal paths appear to link these developmental markers
with schizophrenia (Jones and Tarrant 1999). Indeed, individuals who later develop schizophrenia or related disorders may have already experienced a general or pandevelopmental impairment early in their childhood. For
example, M. Cannon et al. (2002a), using prospectively
collected data from the 1972–1973 birth cohort in New
Zealand, found that schizophrenic subjects may have had
a significant deficit in neuromotor, language, and cognitive
development in the first decade of their lives. In addition,
children who later received diagnoses of schizophreniform disorders were more likely to have experienced
higher levels of emotional problems and peer rejection.
The compelling evidence linking an array of childhood
developmental abnormalities and schizophrenia is consistent with the hypothesis that schizophrenia is a neurodevelopmental disorder, with causes that may be traced to
a defect in the early brain development (Murray 1987;
Weinberger 1995).

MINOR PHYSICAL ANOMALIES
Minor physical anomalies, defined by small structural deviations observed in various parts of the body (e.g., global

head, eyes, ears, mouths, hands, and feet), are elevated in
individuals with schizophrenia and their siblings as compared with the rest of the population (Ismail et al. 1998,
2000; Lane et al. 1997; Schiffman et al. 2002). In one clinical
comparison between schizophrenic patients with patients’
siblings and nonschizophrenic subjects via the modified
Waldrop scale (Waldrop et al. 1968), Ismail and colleagues (1998) found that the highest occurrence of minor
physical anomalies tends to occur in those with schizophrenia, followed by their siblings and nonschizophrenic
subjects accordingly. The significant odds ratios of minor
physical anomalies with schizophrenia ranged from 31 for
the feature of heterochromia in eyes to 3 in those with a
curved fifth finger. Similar evidence was shown in one prospective population-based study in Denmark, which suggested that three or more minor physical anomalies in
childhood might be associated with an estimated three to
four times higher risk to develop schizophrenia spectrum
disorders in adulthood (Schiffman et al. 2002).
Although there has been argument about the measurement issues of minor physical anomalies (e.g., the content
validity of Waldrop scale) (McNeil et al. 2000), the higher
risk associated with minor physical anomalies in schizophrenia was consistently reported even after application of
other measurement instruments or a revised Waldrop scale
with additional items (Ismail et al. 1998; Lane et al. 1997;
Schiffman et al. 2002). One possible explanation for minor
physical anomalies–related excess in schizophrenia is that
minor physical anomalies may be the manifestation of prenatal developmental disruption occurring in the first or
second trimester of pregnancy, a critical period of brain
development. For example, because both minor physical
anomalies and the central nervous system have embryonic
origins from the ectoderm, it is very likely that the presence of minor physical anomalies may be an externally observed sign of abnormal brain development.

COURSE
The symptomatic course of schizophrenia is varied also.
In Ciompi’s (1980) study, about half had an undulating
course, with partial or full remissions followed by recurrences, in an unpredictable pattern. About one-third had
a relatively chronic, unremitting course with poor outcome. A small minority in that study had a steady pattern
of recovery with good outcome. Follow-up studies that
are not strictly prospective, such as the study by Ciompi,
can be deceptive because they tend to focus on a residue
of chronic cases, making the disorder appear more chronic
than it actually is.
Figure 2–3 shows data on time to rehospitalization for
a cohort of patients with schizophrenia in Denmark. The
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Community survival in schizophrenia: Denmark.

Note. 1, 5, 10, and 15 represent the number of hospital discharges.
Source. Adapted from Mortensen and Eaton 1994.

proportion remaining in the community without rehospitalization is shown on the vertical axis, and time is on the
horizontal axis. After the initial hospitalization, about
25% are not rehospitalized, even after 15 years. For that
subgroup of the cohort with 10 hospitalizations, more
than 90% are rehospitalized within 3 years following the
tenth episode. The occurrence of episodes could be reinforcing the illness (so-called schubweis [stepwise] process),
or the hospitalization itself could be damaging (Eaton
1974a), but it seems more likely that the cohort is sorting
itself into those with a tendency for more rather than less
chronicity of disorder. This process may lead clinicians
and others to overestimate the chronicity of the disorder because they see individuals in the bottom curve of
Figure 2–3 about 15 times as often as individuals in the
top curve (Cohen and Cohen 1984). For this reason, the
natural history of schizophrenia is best studied with cohorts of first-onset patients (Ram et al. 1992).

OUTCOME
Predictors of outcome for schizophrenia remain elusive
for the most part. In a review of 13 prospective studies of
course in first-onset cohorts, negative symptoms predicted poor outcome in 4 studies, and gradual onset, typical of negative symptoms (as noted earlier) also predicted
poor outcome in several studies (Ram et al. 1992). There
is variation in the course of schizophrenia around the
world, with better prognosis in so-called developing
countries. Table 2–2 shows a summary of data from the
World Health Organization (1979) study on this issue; we
extracted the data in the rightmost columns from the publication of Leff and colleagues (1992). Those in developing countries were less likely to have been chronically
psychotic over the period of follow-up and more likely to
have had no residual symptoms after 5 years than were
those in the developed countries. This result remains to
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World Health Organization follow-up of schizophrenia
Sample
size

Percentage with
no symptoms

Percentage with
chronic psychosis

Developed countries
London, England

50

6

40

Aarhus, Denmark

64

5

14

Moscow, Russia

66

17

21

Prague, Czechoslovakia

65

6

23

Washington, D.C., United States

51

3

23

Agra, India

73

42

10

Cali, Colombia

91

11

21

Ibadan, Nigeria

68

34

10

Developing countries

Source.

Leff et al. 1992.

be explained. Perhaps individuals meeting criteria for
schizophrenia in developing countries include a subset
destined for better prognosis because of the risk factor
structure in those countries—for example, more deaths of
compromised fetuses or a cause connected to good prognosis, such as a parasite that is rare in developed countries.
Another interpretation is that the environment of recovery in the developed world is more pernicious, involving
harsher economic competition, a greater degree of stigma,
and smaller family networks to share the burden of care
for the patient with schizophrenia.
The course of schizophrenia, from early prodrome to
later outcome, is related to social variables, including
socioeconomic position and marital status, as shown by a
recent study by Agerbo et al. (2004) (see Figure 2–4). Individuals who eventually receive a schizophrenia diagnosis are more likely than others to be single, even as much
as 20 years prior to diagnosis, when the relative odds are
about 4. The relative odds of being single, as compared
with those who have never received a schizophrenia diagnosis, peak at the time of admission—at more than 15—
and remain high for decades afterward. The effect is greater
for males, possibly because onset of the disorder, which
takes place, on average, earlier than in females, occurs
during the years of formation of marriages. Likewise, individuals who eventually receive a schizophrenia diagnosis are more likely than others to be unemployed, many
years before the first diagnosis of schizophrenia and many
years after (Figure 2–5). Although there is a long literature
on the relation of low socioeconomic position to risk for
schizophrenia (1854 Massachusetts Commission on Lunacy et al. 1971; Dohrenwend et al. 1992), it seems likely
that the association is a result of the effects of insidious

onset on the ability of the individual to compete in the job
market. Recent studies from Scandinavia suggest that, if
anything, the parents of schizophrenic patients are likely
to come from a higher, not lower, social position (Byrne
et al. 2004).

RISK FACTORS
A family history of schizophrenia is an important risk factor
that is dealt with elsewhere in this volume (see Chapter 5,
“Neurodevelopmental Theories”). In this section, we
present risk factors that have been found in at least several
credible studies and that were present prior to the onset
of schizophrenia.

PREGNANCY AND BIRTH
For a long time, it has been known that individuals with
schizophrenia are more likely to be born in the winter
(Figure 2–6). This risk factor is interesting in part because
it is indisputably not genetic in origin. The relative risk is
small—on the order of a 10% increase for those born in
the winter compared with the summer. But it has been
replicated many times (possibly because it is so easy to do
a study of season of birth). Methodological challenges to
the finding have been made (M.S. Lewis 1989), on the basis of the way the beginning of the calendar year interacts
with the shape of the onset curve for schizophrenia, but
subsequent studies adjusted for the methodological difficulties and still found an effect. The effect exists in the
Southern Hemisphere, with more births during the
Southern Hemisphere winter season, which does not co-
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Odds ratios of being single for individuals with schizophrenia compared with healthy control sub-

Rates are adjusted for age, gender, calendar year, and labor market affiliation.
Source. Reprinted from Agerbo E, Byrne M, Eaton W, et al.: “Marital and Labor Market Status in the Long Run in Schizophrenia.”
Archives of General Psychiatry 61:28–33, 2004. Copyright 2004, American Medical Association. Used with permission.

incide with the beginning of the calendar year. One possible explanation is that the mother is passing through the
second trimester of her pregnancy in the height of the flu
season and that infections during that period raise risk for
schizophrenia in the offspring.
The finding regarding season of birth suggests that
something about pregnancy and birth might be awry in
individuals who later develop schizophrenia. Case–
control studies have been available for decades on this issue, but the generally positive findings were clouded by
the possibility that the mother’s recall was biased. In the
last 15 years, many studies have reported a relative odds
of about 2 for those with a birth complication, and several
meta-analyses on this topic exist (Geddes and Lawrie

1995; Geddes et al. 1999; Verdoux et al. 1997). Later analyses have begun to specify the individual type of birth
complication, with the hope of elucidating the causal
mechanism. Figure 2–7 selects results from a meta-analysis of eight prospective studies, in which the 95% confidence interval (CI) has 0.85 or larger as its lower bound
(i.e., significant or nearly so), along with the number of
studies on the left side of the figure associated with each
obstetrical factor (M. Cannon et al. 2002b). This presentation facilitates assessment of consistency across studies,
as well as strength and significance. For example, the relative odds for preeclampsia is not large (1.36) and does not
meet conventional levels of statistical significance, but the
estimate is based on six studies. The complications sug-
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Archives of General Psychiatry 61:28–33, 2004. Copyright 2004, American Medical Association. Used with permission.

gest as a possible cause malnutrition (Susser and Lin
1992), extreme prematurity, and hypoxia or ischemia
(Dalman et al. 1999; Rosso et al. 2000; Zornberg et al.
2000).

PARENTAL AGE
The role of advanced parental age in relation to a higher
risk of schizophrenia was first proposed in the mid-twentieth
century and has gained extensive scientific attention in
recent years. According to the family background data of
1,000 patients in the Ontario Hospital, Canada, Gregory
(1959) reported that schizophrenic patients’ parents were,
on average, 2–3 years older than parents in the general
population. However, subsequent investigations have
shown inconsistent findings (Granville-Grossman 1966;
Hare and Moran 1979), and it also has been argued that
observed maternal age–associated higher risk in schizo-

phrenia might be largely confounded by raised paternal
age (Hare and Moran 1979; Kinnell 1983). Recently, several population-based epidemiological studies in Denmark, Israel, Sweden, and the United States have provided
stronger evidence as to the role of paternal age in schizophrenia (Brown et al. 2002; Byrne et al. 2003; Dalman and
Allebeck 2002; Malaspina et al. 2001; Zammit et al. 2003).
For example, Malaspina and colleagues (2001) used population-based birth cohort data in Israel and found that the
relative risk of schizophrenia rose monotonically in each
5-year group of paternal age, with a maximum relative risk
of 2.96 (95% CI=1.60–5.47) in the group aged 55 or older
in comparison with the group ages 20–24. Additionally,
once paternal age is statistically adjusted, maternal age no
longer is a significant predictor of schizophrenia. The evidence from one nested case–control study indicated that
the paternal age–related excess in the risk of schizophrenia
is generally greater in females (Byrne et al. 2003).
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Investigators

Year

Sample

Northern Hemisphere
Tramer
Petersen
de Sauvage Nolting
Huntington
Laestadius
de Sauvage Nolting
Norris and Chowning
Hare and Price
Dalen
Hare et al.
Odegard
Videbech et al.
Parker and Balza
Shimura et al.
Torrey et al.
O’Hare et al.
Watson et al.
Kendell and Kemp
Hafner et al.
Bourgeois et al.
Torrey et al.
Rodrigo et al.
Torrey et al.
Aschauer et al.
Kim et al.
Tam and Sewell
Chen et al.
Torrey et al.
Mortensen

1929
1934
1934
1938
1949
1951
1962
1968
1968
1974
1974
1974
1977
1977
1977
1980
1984
1985
1987
1990
1991
1992
1993
1994
1994
1995
1996
1996
1999

3,100
3,467
2,589
10,420
2,232
2,090
3,617
3,596
16,238
5,139
19,740
7,427
3,508
7,960
53,584
4,855
3,556
2,653
2,020
3,944
43,814
2,892
30,467
2,450
1,606
3,346
3,749
71,278
2,669

1975
1976
1995

2,947
2,256
8,027
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Southern Hemisphere
Dalen and Roche
Parker and Neilson
McGrath et al.
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Season of birth and schizophrenia.

Source. Drawn from Torrey et al. 1997, with additions of data from studies by Mortensen et al. 1999; only studies with sample sizes
larger than 1,500 are included.

Several hypotheses have been posited to explain the
underlying mechanisms linking advancing paternal age to
schizophrenia. Unlike females, in whom all germline cell
divisions are completed before birth, males have germline
cell divisions throughout their reproductive period. As a
result of accumulation of mutagens, reduced fidelity of
DNA replication, and inefficiency of repair mechanisms,

males with advancing age have a greater chance to produce sperm with mutations (i.e., de novo mutations; Crow
2000; Malaspina 2001; Penrose 1955). If de novo mutations explain the link between advancing paternal age and
schizophrenia, then the observed association is presumably stronger in sporadic cases than in familial ones, because de novo mutations largely involve one single-base
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Number of studies for each complication is given in parentheses.
Source. Adapted from M. Cannon et al. 2002b.

substitution (Crow 2000). Another possible explanation is
that certain schizophrenia-related vulnerabilities or risk
factors (e.g., genetic traits, personality, or lower socioeconomic status) might impair the individual’s social functions and consequently delay the age at marriage and fatherhood (Hare and Moran 1979; Kinnell 1983). A third
hypothesis is that offspring of older fathers may experience more stressful life events, such as loss of father in
early childhood, as compared with their peers with younger
fathers.

INFECTIONS AND THE IMMUNE SYSTEM
A series of ecological studies suggested that persons whose
mothers were in their second trimester of pregnancy during a flu epidemic had a higher risk for schizophrenia
(e.g., see Brown and Susser 2002; Mednick et al. 1988;
Munk-Jorgensen and Ewald 2001). Infection during pregnancy as a risk factor is consistent with the neurodevelopmental theory of schizophrenia (Murray 1987; Weinberger 1987). Later studies, which are more convincing,

include individual assessment of infection via either comparison of antibodies in adults with schizophrenia and
nonschizophrenic individuals (Yolken and Torrey 1995)
or, even more convincing, prospective studies in which
the infection can be determined to have occurred during
the pregnancy. Consistent evidence shows that individuals
with antibodies to Toxoplasma gondii have higher prevalence of schizophrenia (Torrey and Yolken 2003). One
study suggested a relative risk of 5.2 for individuals with
documented infection by the rubella virus during fetal development (Brown et al. 2000). Another prospective study
found higher risk for psychosis in individuals whose
mothers had higher levels of antibodies to herpes simplex
virus (Buka et al. 2001). A study in Brazil compared individuals who had meningitis during the 1971–1974 epidemic with their siblings who did not have meningitis.
The study found that the prevalence of psychosis, and
schizophrenia specifically, was five times higher in those
who had meningitis. The finding is intriguing because the
average age at infection with meningitis was 26 months (i.e.,
much later than prenatal infection) (Gattaz et al. 2004). If
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Author

Date

Sample

Ross et al.

1950
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Pilkington

1955
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Baldwin

1980
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Mohamed et al.

1982
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Allebeck et al.

1985
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Oken and Schulzer

1999 229,972

Oken and Schulzer

1999

1,984

Mors et al.

1999

20,495
0.05 0.1
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Arthritis and schizophrenia: odds ratios and 95% confidence intervals in eight studies.

Eaton et al. 1992; Mors et al. 1999; Oken and Schulzer 1999.

this finding is replicated, it will have important implications for the neurodevelopmental theory of schizophrenia.

AUTOIMMUNE DISEASES
A relatively small but consistent literature indicates that
persons with schizophrenia have unusual resistance or
susceptibility to autoimmune diseases. Studies have consistently shown that individuals with schizophrenia are
somehow less likely to have rheumatoid arthritis (Eaton et
al. 1992). Figure 2–8 shows eight studies with relative
odds ranging from less than 0.1 to 0.5 protective effect.
Medications for schizophrenia could be protective for
rheumatoid arthritis in some unknown way, but two of the
studies in Figure 2–8 were conducted before neuroleptic
medications became available. Other physiological consequences of schizophrenia may be protective, or a single
gene could raise risk for the one disorder and protect for
the other. A single small study suggested that mothers of
individuals with schizophrenia have lower risk for rheumatoid arthritis, but its size and quality were not convincing (McLaughlin 1977). It is intriguing, in this regard,

that case–control studies have shown that persons taking
nonsteroidal anti-inflammatory medications, which primarily treat arthritis, may be protected from dementia
(Etminan et al. 2003; in ’t Veld et al. 2002).
Other autoimmune disorders have been linked to
schizophrenia as well (Gilvarry et al. 1996; Wright et al.
1996), including thyroid disorders (DeLisi et al. 1991),
type 1 diabetes (Wright et al. 1996), and celiac disease
(Eaton et al. 2004). Currently, the evidence is strongest
for thyroid disorders and celiac disease. In a study from
the Danish population registers, persons whose parents
had celiac disease were three times more likely to receive
schizophrenia diagnoses later. Celiac disease is an immune reaction to wheat gluten. One possible explanation
is that the increased permeability of the intestine brought
about by celiac disease increases the level of antigen exposure, which increases the risk for autoimmune response.
Also, gluten proteins may be broken down into psychoactive peptides (Dohan 1980).
The results linking schizophrenia to autoimmune disease are paralleled by the clinical and laboratory study of
autoimmune processes in schizophrenia. There are apparently abnormalities of the immune system in schizophre-
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nia, but it is not clear whether these are a cause or a consequence of schizophrenia or its treatment (Ganguli et al.
1993, 1994). A single weakness in the immune system in
schizophrenic patients may explain both the data on infections and the results on autoimmune disorders, but this
remains to be proven (Rothermundt et al. 2001). Clinical
trials of anti-inflammatory (Muller et al. 2002) and antibiotic (Dickerson et al. 2003) agents for schizophrenia are
ongoing.

ETHNICITY
Ethnic status is a relatively easy-to-identify characteristic
of an individual that indicates a shared history with others.
Markers of ethnic status include race, country of origin,
and religion. Country of origin has proven to be a consistent risk factor for schizophrenia in the United Kingdom
and the Netherlands. In the United Kingdom, those
immigrating from Africa or the Caribbean, and their second-generation offspring, have rates of schizophrenia up
to 10 times higher than those in the general population

(Eaton and Harrison 2000) (Figure 2–9). Because immigrant groups who do not have black skin do not have higher
rates, and because the second generation is affected, the
stresses of immigration are unlikely to explain this finding. Rates in the countries of origin are not elevated, so
the higher rates are unlikely to reflect a genetic difference
between races. The cause appears to be the psychological
conditions associated with being black in England or
being from Surinam in Holland. Discrimination, or a more
subtle form of difficulty associated with planning one’s life
when the future is as uncertain as it is for racial groups at
the structural bottom of society, could be a factor (Eaton
and Harrison 2001).

CANNABIS
Numerous case–control studies have shown that persons
with schizophrenia are more likely to have taken, or be
using, cannabis (Hall and Degenhardt 2000). Prospective
studies done in Sweden, the Netherlands, New Zealand,
and Israel showed higher risk, ranging from 2 to 25 (Arse-
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I. Center: 102.3

II. Transition: 46.9
III. Working: 32.6

IV. Family: 20.0

F I G U RE 2 – 10 .
Source.

Urban residence and schizophrenia: rates of schizophrenia by distance from the center of the city.

Original drawing from Faris and Dunham 1939.

nault et al. 2002; van Os et al. 2002; Weiser et al. 2003;
Zammit et al. 2002). Individuals in the premorbid phase
of schizophrenia may respond to initial, mild symptoms of
schizophrenia by using drugs, even though these studies
have attempted to control for premorbid conditions. In
contrast, cannabis could precipitate, or even cause, an episode of schizophrenia.

URBAN RESIDENCE
In the 1930s, Faris and Dunham (1939) showed that
although the addresses of patients with first admissions
for manic-depressive illness were distributed more or less
randomly throughout Chicago, Illinois, admissions for

schizophrenia tended to come from the center of the city,
with decreasing rates as one moved outward into zones of
transition, working class, and family. Figure 2–10 shows
an original drawing from their study, with rates and pointers inserted by us to clarify the result. This finding and
other similar findings (Eaton 1974b) were interpreted as
a result of the selection into the city of individuals who
would develop schizophrenia. But later studies from
Europe were strictly prospective, with the cohort defined
in late adolescence, well prior to onset (G. Lewis et al.
1992), or even at birth (Marcelis et al. 1998).
The relative risk is about two to four times higher for
those born in urban areas. The difficulty is identifying the
plausible biological process associated with urban resi-
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Mad Meg (Dulle Griet) (1562), by Pieter Bruegel the Elder (ca. 1525–1569).

dence. It could include differences in the physical environment, such as the higher concentration of lead in the soil
and air in cities; differences in the cultural environment,
such as the expectation to leave the family of origin and define a new life plan (Eaton and Harrison 2001); differences
in birth practices, such as breast-feeding (McCreadie
1997); crowding, which might permit spread of infections
(Torrey and Yolken 1998); and, as discussed below, differences in the manner in which animals are, or are not,
brought into the household (Torrey and Yolken 1995).

MODERNIZATION
A body of evidence suggests that schizophrenia is a disease
of relatively recent origin. Studying this possibility
requires a more creative approach to data than is general
in epidemiology because the relevant observations must
necessarily be made before the beginnings of the disci-

pline. Hare (1988) observed that it is difficult to find a
precise clinical description of a patient with schizophrenia
prior to the beginning of the nineteenth century. Foucault
(1979)—departing perhaps most strongly from a strict epidemiological method—puts the date in the seventeenth
century, with the beginnings of the Hôpital Général in
France in 1656. Recognizable descriptions of bipolar disorder in the period of Galenic medicine were made by
Aretaus (Mora 1985), but the descriptions that might be
related to the occurrence of schizophrenia are more vague
and very rare (Roccatagliata 1991). The comparison is surprising, because schizophrenia is more common and more
dramatic, especially in its consequences for the individual.
Until Shakespeare, Western and non-Western literature
apparently was devoid of references to anyone resembling
a person with schizophrenia. Shakespeare provides a
description of Ophelia (Hamlet 4.5), which suggests he must
have been aware of psychosis:
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She speaks much of her father; says she hears there’s
tricks in the world, and hems, and beats her heart, spurns
enviously at straws, speaks things in doubt that carry but
half sense. Her speech is nothing, yet the unshaped use
of it doth move the hearers to collection. They aim at it
and botch the words up fit to their own thoughts; which,
as her winks and nods and gestures yield them, indeed
would make one think there would be thought, though
nothing sure, yet much unhappily.

During the same epoch as Shakespeare, Breughel
produced the remarkable painting entitled Mad Meg
(Figure 2–11). Although little is known about Breughel’s
personal life, his three dozen surviving paintings show
that he liked to paint unusual but realistic scenes, such as
dancing epidemics, crippled people, and blind people. It
is clear that this particular painting was important to him
because he painted it twice in its entirety. Some observers
believe that he met and interacted with a person who had
schizophrenia and attempted to paint her entire world, including her symptomatology (cacophony of voices in the
milling crowd), ambiguous sexuality (effeminate body
topped by very masculine face holding up a boat), and religious imagery (large face with gateway to hell on the left
side) (Panse and Schmidt 1967). The painting makes reference to earlier works by Bosch, which include the theme
of madness (the shape of the boat resembles Bosch’s Ship
of Fools; the upturned funnel as a hat may refer to Bosch’s
Extraction of the Stone of Madness). The figure of Meg is deliberately askew in various ways: one leg is longer than the
other; and she carries various bizarre implements such as
the chest, frying pan, and sword. If this interpretation is
true, then the painting of Mad Meg can be said to be the
first deliberate representation of schizophrenia to have
been made.
Data more typical of epidemiological research are
available beginning in the nineteenth century, with statistics from asylums. Torrey and Miller (2001) collected data
from four separate areas: England, Ireland, Atlantic Canada, and the United States. In each of these regions, the
number, and the proportion, of individuals in asylums increased—from fewer than 1 in 1,000 to more than 5 in
1,000 (incidentally, the current estimate for the prevalence of schizophrenia, discussed earlier). Most of these
individuals are presumed to be psychotic, and possibly a
majority, or at least a substantial proportion, would be
given diagnoses of schizophrenia. Figure 2–12 shows the
data for the United States, to which we have made additions. The data produced by Torrey and Miller exaggerate
the trend for the United States somewhat because the data
collection ended with the beginning of the era of neuroleptics and deinstitutionalization. We have added data
points from the National Reporting System of the National

Institute of Mental Health, and it is clear that the trend is
downward after 1960. (Although the more recent downward trend has been the subject of some discussion [see
Allardyce et al. 2000; Jablensky 1995; Oldehinkel and Giel
1995; Suvisaari et al. 1999], it seems likely to be explained
by the combination of diagnostic narrowing and deinstitionalization [Allardyce et al. 2000].) Nevertheless, even
with the new, later data points, there appears to be an upward trend over two centuries, with a doubling or quadrupling of the prevalence. Likewise, adding to the figure the
carefully collected data from the classic study of Goldhammer and Marshall (1953) suggests an upward trend as
well (contrary to the conclusion of the authors).
There is a large range of suspected causes of a rise in
the prevalence of schizophrenia in the modern era—that
is, since about 1600. For example, there has been an explosion in the number of new chemicals created during
the last 400 years, which somehow could be neurotoxic.
Many of the possible explanations for the rise in prevalence of schizophrenia with modernization parallel the explanations for the higher risk in urban areas: animals in
the household, crowding in cities, and difficulty formulating a life plan when the future is uncertain.

CONCLUSION
What has been accomplished over the last several decades,
and what are prospects for future progress? Even as late
as a quarter century ago, the epidemiology of schizophrenia was nearly a blank page. There was even argumentation about the value of the concept itself. The only risk
factors that seemed strong and consistent were the conditions of lower social class life and the family history of
schizophrenia. Since that time, there has been considerable progress delineating a more or less consistent picture
of the descriptive epidemiology and the natural history of
schizophrenia. Research in analytic epidemiology has
generated a series of heretofore unsuspected risk factors,
as described earlier. In general, the risk factors have been
considered in the context of theories of how schizophrenia might actually be developing in the psychological and
physiological life of the individual—even if the linkage is
sometimes speculative. These developments are healthy.
In the future, concerted efforts will be made to study
risk factors in combination. This process has begun already. For example, Mortensen et al. (1999) have studied
the combined effects of season of birth, urbanization of
birthplace, and family history of schizophrenia. The combination is informative in evaluating the importance of
the risk factors. Although the relative risk for urban birth
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is much smaller than the risk associated with having a parent who is schizophrenic, the importance of urban birth is
greater because a much larger proportion of the population is born in urban areas compared with the proportion
with parents who have schizophrenia—the situation of
relative versus population-attributable risk (Mortensen et
al. 1999). If the causal path connected to urban birth could
be identified, the prospects for prevention would be much
stronger.
The combination of risk factors will facilitate prospective studies of high-risk individuals, in which the high risk
is not simply the result of family history, as in earlier highrisk studies. Furthermore, combination of risk factors will
raise the positive predictive value of the risk formulation,
to the point at which it may be ethically feasible to approach the individual, identify the risk, and begin efforts

to protect him or her from the catastrophic effects of the
first episode of schizophrenia. Studies such as these have
begun, albeit very cautiously (McGorry et al. 1996; Tsuang et al. 1999; Woods et al. 2003). In general, epidemiological research has built a strong knowledge base over the
past quarter century, and this knowledge base will continue to contribute to public health efforts in prevention
of schizophrenia in the coming decades.
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In this chapter, we review current knowledge about the
genetics of schizophrenia. The diverse approaches that
fall within the rubric of genetics have been a focus of intense interest and, as with any prominent approach, are
not without controversy, false leads, and informed dissension. However, since the completion of the draft sequence
of the human genome in 2001, this rapidly evolving field
has become quite exciting, and the prospect of real progress is evident.
On a conceptual level, genetics can serve three broad
purposes in regard to schizophrenia research. First, and
most common, genetic approaches can help clinicians understand the etiology of schizophrenia. Second, pharmacogenetic approaches can assist in the quest for individualized
treatments, optimizing the chance of treatment response
and minimizing the chance of important side effects. Finally, genetic approaches can help clinicians understand the
enormous clinical heterogeneity of schizophrenia. In this
chapter, we cover the major developments in these areas.
From the perspective of a group of individuals with
schizophrenia, it is critical to view schizophrenia as a complex trait. On average, at a group level, schizophrenia results from a mixture of genetic and environmental influences. For schizophrenia, “nature versus nurture” is a false

dichotomy because it is always “nature and nurture.” Schizophrenia is likely to be complex for a second reason. At the
individual level, the pathophysiology of schizophrenia is
not uniform, and any sample of individuals with clinically
defined schizophrenia is likely to contain several different
“types” of illness. Some proportion of individuals would
have a highly genetic form of schizophrenia, some would
have a highly environmental variant, and some would have
schizophrenia that resulted from interactions between genetic and environmental influences.
These features of schizophrenia are distinct from prototypic genetic disorders. Table 3–1 compares and contrasts examples of single-gene disorders with complex
traits such as schizophrenia. Unlike single-gene disorders
such as Huntington’s disease and cystic fibrosis (OMIM—
Online Mendelian Inheritance in Man; available at: http://
www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM),
complex traits such as schizophrenia are far more common and carry enormous societal burden. A person who
carries a predisposing genotype for a single-gene disorder
has a virtually 100% risk of developing the disorder; the
link between genotype and clinical trait is essentially deterministic. For a complex trait, the link between genotype and phenotype is more subtle, and genotype risks are
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Single-gene disorders compared with complex traits
Single-gene disorder

Complex trait

Examples

Huntington’s disease
Cystic fibrosis

Schizophrenia
Types 1 and 2 diabetes mellitus

Prevalence

Rare (<0.001%)

Common (~1%–25%)

Low

Very high

Deterministic

Probabilistic

Number of genes

1

Many

Allele frequencies

Usually rare

Both common and rare

Homogeneous

Heterogeneous

Not typical

Likely

Societal burden
Gene →trait

Etiology
Interactions (gene× gene,
gene × environment)

probabilistic. For example, a relatively strong genetic risk
factor for schizophrenia might increase its lifetime risk
from 0.8% to 1.2%. Schizophrenia is thus dissimilar to
those rare medical disorders that usually are associated
with the word genetic.
Following the main themes in the field, the largest
part of this chapter is devoted to work on the etiology of
schizophrenia. First, we discuss the phenotype of schizophrenia. We then summarize the evidence that led us to
believe that genetic factors predispose to schizophrenia.
We review the evidence about the etiology of schizophrenia from genomic studies. Finally, we cover briefly the
pharmacogenetics of schizophrenia.

PHENOTYPE OF SCHIZOPHRENIA
The pathogenesis of schizophrenia is unknown, and no
compelling biological markers of sufficient sensitivity and
specificity exist. As such, a diagnosis of schizophrenia is
effectively syndromic and based on signs and symptoms
with reference to a clinically derived definition of illness.
In view of the extensive clinical heterogeneity, many
largely unsuccessful attempts have been made to delineate
etiologically distinct subgroups. Nevertheless, the use of
structured and semistructured interviews together with
explicit operational diagnostic criteria allows high degrees
of diagnostic reliability to be achieved. It is plausible that
schizophrenia as currently defined may include several heterogeneous disease processes.
Family, adoption, and twin studies have shown that
the phenotype extends beyond the core diagnosis of
schizophrenia to include a spectrum of disorders, such as
“poor outcome” or schizophrenic schizoaffective disorder
and schizotypal personality disorder (Farmer et al. 1987;

Kendler et al. 1995). The definitional boundaries of this
spectrum are uncertain. Although it is clear that individual differences in liability to schizophrenia are substantially genetic, we have no clear idea what form this “liability” actually takes. We are as yet unable conclusively to
identify endophenotypes that are intermediate between
genetic predisposition and the ultimate clinical phenotype
(Gottesman and Gould 2003).
For example, one plausible endophenotype for schizophrenia is a failure in inhibitory neuronal dysfunction
characterized by decreased inhibition of the P50 evoked
response to the second of paired auditory stimuli 0.5 seconds apart, which has been replicated by multiple investigators (Freedman et al. 2000). Diminished P50 inhibition
is found in other clinical contexts (e.g., mania, stimulant
abuse, and alcohol withdrawal) but appears to be a trait deficit in schizophrenia alone. Preliminary investigations suggest that the inheritance of this putative endophenotype
for schizophrenia may be Mendelian and substantially influenced by variation in the α7 nicotinic acetylcholine receptor subunit gene (CHRNA7) (Freedman et al. 1997;
Leonard et al. 1998). Mutation screening of CHRNA7 has
identified a series of polymorphisms in the core promoter
region of the gene, which diminish function of the promoter in vitro and are associated with both schizophrenia
and diminished P50 inhibition in nonschizophrenic subjects (Leonard et al. 2002).
However, despite the persisting uncertainties about
the definition of schizophrenia and the difficulties that
arise from this fundamental problem, schizophrenia is a
compelling candidate for studies aimed at identifying disease genes. Notwithstanding recent advances in imaging,
transcriptomics, and proteomics, the human brain remains
very difficult to study directly, and interpretation of cause
and effect is problematic.
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GENETIC EPIDEMIOLOGY OF
SCHIZOPHRENIA
The field of genetic epidemiology encompasses a diverse
set of conceptual, methodological, and analytical
approaches that have in common the attempt to understand the etiology of a behavioral trait or biomedical disorder (Kendler 1993; Plomin et al. 1997). In humans,
much of the work in this area has focused on etiology, with
one of three main types of studies.
Family studies can be conceptualized as a type of case–
control study, as described in detail elsewhere (Weissman
et al. 1986). In these studies, cases are probands with
schizophrenia, and control subjects have no history of
schizophrenia and usually are matched for confounding
variables such as age and gender. The outcome of interest
is the prevalence of schizophrenia in biological relatives
(usually first-degree relatives). These studies can detect
the familiality of schizophrenia (i.e., whether it “runs” in
families) but cannot disentangle genetic influences from
environmental influences to which members of a family
are exposed. Adoption and twin studies are the two principal approaches to delineating genetic and environmental effects in humans. Adoption studies are a social quasi
experiment in which the offspring of one set of parents is
reared from early in life by unrelated strangers. Twin studies are a biological quasi-experiment that contrasts pairs of
monozygotic twins with dizygotic twins.
These types of studies have been a focus of considerable interest in schizophrenia research. Their results need
to be interpreted in the context of two issues. First, these
studies make numerous assumptions. For example, twin
studies assume that monozygotic twins share all of their
genes and dizygotic twins share half of their genes identical by descent. This assumption is only approximately
true. The existence of congruent results across different
study designs with differing assumptions supports the
strength of the conclusions. Second, these studies provide
only broad and approximate information about the etiology of schizophrenia. They can tell us whether a trait is
familial and the approximate extent to which familial
traits aggregate for genetic or environmental reasons.
These studies—many of which date to the pregenomic
era—carry little or no information about the specific etiology of a trait. However, these studies provide critical information about the rationality of searching for genes that
underlie schizophrenia.

FAMILY STUDIES
Since 1980, 11 “modern” family studies of schizophrenia
have been published (Kendler 2000). Several dozen family

studies were published before 1980, but these “ancient”
studies lacked design features now viewed as critical (control groups, direct interviews, blinded diagnoses, and the
use of systematic diagnostic criteria). These studies yield
an odds ratio of the risk of schizophrenia in the firstdegree relatives (i.e., parents, siblings, children) of patients
with schizophrenia compared with control subjects.
Figure 3–1 shows the results of a meta-analysis conducted for this chapter on the basis of a published summary of the modern family studies of schizophrenia
(Kendler 2000). (Meta-analysis is the “analysis of analyses”
and is a means of quantitatively summarizing a literature.)
The odds ratios from these studies were homogeneous
(χ210 = 4.25, P = 0.94). The meta-analytic summation of
these 11 studies in a random-effects model yielded highly
significant evidence for increased familial risk to firstdegree relatives (χ21 =138.6, P <0.001) and an odds ratio of
9.77. This suggests that the first-degree relatives of individuals with schizophrenia are nearly 10 times more likely
to be affected with schizophrenia than are comparison
subjects. The precision of this estimate is shown by its
95% confidence interval (CI) of 6.16–15.50. Thus, this
meta-analysis of “modern” family studies provided strong
and consistent evidence of the familiality of schizophrenia. Notably, the direction and magnitude of this conclusion are remarkably similar to the results from the “ancient”
family studies of schizophrenia.

ADOPTION STUDIES
Five primary adoption studies of schizophrenia have been
done (Kendler 2000), and the number and quality of these
reports make it difficult to conduct meta-analytic procedures, and most investigated the schizophrenia spectrum.
Briefly, variants of the basic adoption design can be used
to test two key hypotheses about schizophrenia. First, by
investigating the adoptive relatives of adoptees with and
without schizophrenia, researchers can assess the contribution of postnatal environmental factors. The two relevant studies had a summary odds ratio estimate that did
not differ significantly from unity (χ21 = 0.76, P = 0.38).
Thus, environmental factors that occur after the age at
adoption are not etiologically important for schizophrenia. Second, there are two ways in which to assess the effect of genetic etiological factors. The stronger approach
is to compare the biological relatives of adoptees with and
without schizophrenia. The summary odds ratio for this
comparison was significant (χ21 =21.5, P <0.001) and was
estimated at 4.98 (95% CI=2.38–10.4). In addition, one
can compare the offspring of parents with schizophrenia
who were adopted with the adopted offspring of control
parents. This comparison was significant (χ21 =17.7, P<
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Family studies of schizophrenia.

Odds ratios refer to the risk of schizophrenia in the first-degree relatives of patients with schizophrenia compared with the risk in the
first-degree relatives of control subjects. The 11 “modern” family studies of schizophrenia are depicted on the x-axis. The y-axis shows
the odds ratios for each individual study, with the point estimate given by horizontal bars and 95% confidence intervals (CIs) given
by vertical lines. The upper bounds for 6 studies were large and are truncated at 45. The meta-analytic summary odds ratio was 9.8
(95% CI=6.2–15.5).
See Kendler 2000 for review of and citations for studies cited in this figure.

0.001), and the summary odds ratio was estimated at 3.48
(95% CI= 1.90–6.40). The adoption literature suggests
that postnatal environmental effects are not important in
the etiology of schizophrenia, whereas genetic effects are
significant. These conclusions are qualified by the relatively small sample sizes of these studies.

TWIN STUDIES
A meta-analysis of twin studies of schizophrenia was recently published (Sullivan et al. 2003). After a structured
literature review, 12 twin studies of schizophrenia that met
inclusion criteria for meta-analysis were identified, and the
results were summarized with a meta-analytic approach
(Figure 3–2).

One principal result of this meta-analysis of 12 published twin studies of schizophrenia was expected, and the
other was quite surprising. Consistent with prior summaries of the twin literature on schizophrenia, the metaanalytic summary estimate of its heritability was very high,
estimated at 81% (95% CI =73%–90%), and this result
may provide a useful summary of a diverse literature. However, we also identified small but significant common environmental effects on liability to schizophrenia (point
estimate=11%; 95% CI=3%–19%).
The high heritability of schizophrenia is consistent
with prior summaries of this literature. Critically, this estimate is quite high and supports the rationality of searching for the genetic determinants of schizophrenia. However, it was notable that there was a nonzero contribution
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Twin studies of schizophrenia.

Heritability (a2) (top) and common or shared environmental effects (c2) (bottom). The 12 twin studies meeting inclusion criteria are
on the x-axes. The y-axes show the proportion of variance (horizontal bar) and the 95% confidence intervals on the estimate (vertical
line).
See Sullivan et al. 2003 for review of and citations for studies cited in this figure.
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of environmental influences shared by members of a twin
pair. This finding is ironic because it is unusual to find a
behavioral trait or disorder with significant common environmental influences (Goldsmith et al. 1987) and because schizophrenia is usually considered one of the
“more genetic” psychiatric disorders. The magnitude of
the finding suggests that these influences have a modest
effect on liability to schizophrenia. When considering this
surprising finding further, we discovered that significant
common environmental effects for schizophrenia actually
have been reported previously (McGue et al. 1983; Rao et
al. 1981). When these prior reports were published in the
early 1980s, there was a sharp division within psychiatry
as to whether schizophrenia resulted from biological/
genetic factors or environmental factors such as an adverse
maternal–child relationship. These perspectives often
were framed as mutually exclusive (“nature or nurture”).
The stronger genetic component to schizophrenia was
the more strongly emphasized result. Our rediscovery of
subtle but nontrivial common environmental effects on
schizophrenia is likely to be interpreted differently now
than in the 1980s. It is important to note that the traditional phrases common environment and shared environment
are misnomers in that they generally evoke risk factors such
as parental rearing behavior and traumatic life events. In
the context of twin analyses, common environment refers to
any process that makes members of a twin pair similar regardless of zygosity. These processes include the classic
pre- and postnatal environmental factors noted earlier but
also encompass profoundly biological processes such as
exposure to infectious agents; macro- or micronutrient
dietary characteristics; and exposure to environmental
toxins, teratogens, and other intrauterine factors. They
can even include profoundly genomic processes such as
the establishment of DNA methylation patterns and retrotransposon activity in early stages of individual development.

SUMMARY
These quantitative summaries of the published literature
on the genetic epidemiology of schizophrenia support
several important conclusions that set the stage for the
work described in the remainder of this chapter. Schizophrenia is a highly familial disorder that is strongly affected by genetic influences. However, the small but significant importance of common environmental factors
underscores schizophrenia’s identity as a complex trait.
Nonetheless, the genetic epidemiological data suggest
that it is rational to search for genes that underlie susceptibility to schizophrenia.

GENOMIC APPROACHES TO THE
ETIOLOGY OF SCHIZOPHRENIA
MODE OF TRANSMISSION
Studies of different classes of relatives clearly indicate that
schizophrenia cannot be caused by a single-gene disorder
or a collection of single-gene disorders, even when incomplete penetrance is taken into account. Rather, the mode of
transmission is complex and non-Mendelian. Critically,
the number of susceptibility loci, the disease risk conferred by each locus, the extent of genetic heterogeneity,
and the degree of interaction among loci all remain unknown. The predicted lack of simple one-to-one relations
between genotype and phenotype makes the task of identifying susceptibility genes difficult and clearly implies the
need for large sample sizes for both initial findings and
replication (Owen et al. 2000).

CHROMOSOMAL ABNORMALITIES
Numerous investigations have attempted to identify chromosomal abnormalities in individuals with schizophrenia,
reasoning that genes predisposing to schizophrenia could
be localized to the disrupted genomic regions. Cytogenetic anomalies (e.g., translocations and deletions) may be
pathogenic through several mechanisms: direct disruption of a gene, formation of a new gene by fusing two spatially separated genes, indirect disruption of the function of
neighboring genes by a position effect, or alteration of the
copy number for a gene (deletions, duplications, and
unbalanced translocations). A single incidence of a cytogenetic abnormality is insufficient to suggest causality. Of
the many reports (Bassett et al. 2000), the evidence is
compelling for two regions.
First, a balanced reciprocal translocation between
chromosome 1q42 and 11q14.3 has been shown to cosegregate with schizophrenia in several studies. No genes appear to be disrupted by the chromosome 11 breakpoint,
whereas two genes are disrupted in the chromosome 1q42
region. These two genes have been named DISC1 and
DISC2 (disrupted in schizophrenia), and several lines of
evidence suggest their potential importance in schizophrenia (Owen et al. 2004).
Second, there is an association between a 1.5 megabase deletion on 22q11 and schizophrenia (McDermid
and Morrow 2002; Owen et al. 2004). Deletions in this
region are associated with velocardiofacial syndrome
(VCFS). VCFS occurs in about 1 in 4,000 live births
(Murphy 2002). Its phenotype is variable but includes
cleft palate, cardiac anomalies, typical facies, and learning
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Schematic of steps in conducting a genome scan for schizophrenia

Step

Description

1. Sample collection

Ascertain family pedigrees in which multi- Studying “multiplex” pedigrees
increases the chance that one
ple individuals are affected with schizoor more genes are causal.
phrenia. Diagnosis should be confident.
The minimum size is an affected relative
pair (e.g., two affected siblings), and the
maximum size could include dozens of
relatives and multiple generations.

N individuals from
K pedigrees

2. Genome scan

Genotype all individuals for many polyWhich markers are used and the
morphic genetic markers (varies across
number per study are variable
studies; range= 250–1,000). These mark- (250–1,000 markers). This is an
ers are approximately evenly scattered
essential step in attempting to
across the genome. The genomic location
find genes for schizophrenia.
of each marker is known.
Quality control is critical.

N individuals with
G genotypes per
individual, sorted
by the position of
the marker in the
genome

3. Linkage analysis

Complex computer algorithms are used to Determine the regions of the genome •
analyze the data:
that show evidence for “linkage” be• Compute the linkage evidence for
tween schizophrenia and markers at
each family at the location of each
known locations.
marker. Each element in the matrix
•
is the linkage evidence of the ith
family at the jth marker.
• Summarize the overall evidence via
a weighted sum across all families.

4. Follow-up

Which regions replicate across studies?
Which genes in these regions are likely
positional candidate genes for schizophrenia?

disabilities. A bidirectional association with schizophrenia
is seen because individuals with VCFS have an elevated
lifetime risk of a psychotic disorder reminiscent of schizophrenia (18%), and approximately 2% of individuals with
schizophrenia have a deletion in the relevant area of 22q11
(Murphy 2002). Further support is provided by schizophrenia linkage studies implicating 22q (see next subsection) and the observation that mice with an orthologous
deletion have sensorimotor gating impairments reminiscent of schizophrenia (Paylor et al. 2001).

LINKAGE STUDIES
The purpose of a linkage study for a complex trait such as
schizophrenia is to identify the genomic regions that
might harbor predisposing or protective genes. In essence, linkage is a “discovery science” tool that does not
require a priori assumptions about the nature and locations of genes involved in the etiology of schizophrenia

Reason

Output

K families×
G markers
at known
locations
1× G matrix

Numerous significance tests have
Qualitative or
been conducted. With a high chance quantitative
of type I error and (usually) limited
analytic summary
statistical power, what do we believe?

(Cardon and Bell 2001; Sham 1998). A full discussion of
the conceptual and statistical basis of linkage studies is beyond the scope of this chapter. The steps in conducting a
linkage study are shown in Table 3–2.
The general steps are sample collection, genotyping
for a “genome scan,” linkage analysis, and follow-up. For
schizophrenia, more than 20 genome scans have been
conducted whose intention was to discover genes that might
be involved in the etiology of schizophrenia. The findings
of these studies are complex and difficult to summarize
even with a qualitative “box score” approach. Moreover, a
quantitative summary is required in order to detect subtle
effects for which individual studies possess low statistical
power.
Recently, Lewis et al. (2003) completed a meta-analysis
of 20 genome scans for schizophrenia. Although this approach has several important weaknesses and caveats
(Levinson et al. 2003), it has the important advantage of
being able to summarize an unwieldy literature. This anal-
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13

14

15

Results from a meta-analysis of 20 genome scans for schizophrenia.

The human genome is depicted as a circle from the beginning of the short arm of chromosome 1 and moving counterclockwise to
the end of the short arm of chromosome 22. The major Giemsa stain bands are overlaid. The darker solid bars show the locations of
the 12 nominally significant regions from the meta-analysis. The height of the bars is proportional to the −log10 of its P value. The
light concentric circles depict significance levels of 0.05, 0.01, 0.001, and 0.000417 (the genomewide significance).
Source. Based on data from Lewis et al. 2003.

ysis is likely to be an important but imprecise tool—the
regions highlighted by this analysis may well contain
genes critical to the etiology of schizophrenia, but etiologically important genes may lie in regions not highlighted.
The results of this meta-analysis are depicted graphically in Figure 3–3. Twelve genomic regions reached
nominal statistical significance, and a region on chromosome 2 was significant even after adjustment for multiple
comparisons. In effect, this analysis suggests that the
search space for loci that are likely to contain susceptibility genes for schizophrenia has been narrowed considerably: the 12 regions highlighted by the meta-analysis contain 2,181 known genes (13.8% of all known genes) and
320 million base pairs (11.2% of the genome).
The genome scan approach can identify candidate
genes based on their position under a linkage peak and can
provide statistical support. Linkage is an imperfect tool:

some of these regions are likely false positives and some
false negatives. Other approaches are required to prove
the involvement of a given gene in schizophrenia.

ASSOCIATION STUDIES
Association studies are essentially case–control studies
that use one or more genetic markers as risk factors. The
features, strengths, and weaknesses of these studies are
described elsewhere (Sullivan et al. 2001). Findings from
more than 500 association studies of schizophrenia have
been published. As a body of work, these studies have
numerous methodological difficulties, including small
sample sizes, poorly matched control subjects, and type I
errors. These critical difficulties render interpretation of
many studies difficult. Nonetheless, these studies have
proven informative and, if done well, can provide crucial
information.
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Evidence supporting variation in specific genes in the etiology of schizophrenia
Association
Linkage
evidence, bin evidence,
box score
(of 120)
Location

Gene

Gene
product
or effect

NRG1

Neuregulin 1

8p12

55

6 of 7 samples Altered expression in dorsal lateral prefrontal cortex
in schizophrenia, known to be involved in the developing nervous system

DTNBP1

Dystrobrevin
binding
protein 1

6p22.3

10

6 of 8 samples Involved in multiple neuronal functions (e.g., synapse formation and maintenance); colocalizes
with postsynaptic γ-aminobutyric acid
receptors

13q33.2

62

G72 and G30 Produces
PLG72

1 sample

Other evidence

Protein product not yet well characterized;
expressed in brain and interacts with D-amino
acid oxidase (DAO), which is independently
associated with schizophrenia; association of
G72 and G30 with bipolar disorder replicated
in several samples

RGS4

Regulator of
G-protein
signaling 4

1q23.3

14

COMT

Catechol-Omethyltransferase

22q11.21

9

PRODH

Proline dehydrogenase

22q11.21

9

1 of 4 samples Deletion associated with schizophrenia; mouse model
suggests its importance as an endophenotype

DISC1 and
DISC2

Disrupted in
schizophrenia 1 and 2

1q42.2

38

Balanced translocation associated with schizophrenia

HTR2A

Serotonin2A
receptor

13q14.2

81

Meta-analytic Target for multiple antipsychotic drugs
support

DRD3

Dopamine3
receptor

3q13.31

68

Meta-analytic Implicated via dopaminergic theory of schizophrenia
support

2 of 3 samples Altered brain expression in schizophrenia via
microarray studies of postmortem samples
Inconsistent

BEST CURRENT CANDIDATE GENES FOR
SCHIZOPHRENIA
The literature on the molecular genetics of schizophrenia
appears to be moving rapidly, and any review of this area
is quickly outdated. At the same time, evidence is beginning to amass to suggest the potential importance of several genes in the etiology of schizophrenia. The genes that
appear to be front-runners and for which published data
are available from independent groups as of January 2004
are shown in Table 3–3.

Neuregulin 1 (NRG1)
The neuregulin 1 gene (NRG1) is in a bin that ranked 55th
of 120 in the Lewis meta-analysis (Lewis et al. 2003) but

Deletion associated with schizophrenia; functional
variant implicated in schizophrenia by neuroimaging and neuropsychological testing

is relatively close to the proximal bin that ranked 12th.
Despite the modest linkage evidence, the same haplotype
of markers in NRG1 has shown notably consistent association evidence across two Icelandic (Stefansson et al.
2002) and two United Kingdom samples (Stefansson et al.
2003; N.M. Williams et al. 2003). Positive data implicating different haplotypes have also emerged from two Chinese samples (Tang et al. 2004; Yang et al. 2003) and an
Irish sample (Corvin et al. 2004), but were not found in a
Japanese sample (Iwata et al. 2004). In addition, some evidence indicates that NRG1 isoforms are differentially
expressed in dorsolateral prefrontal cortex of individuals
with schizophrenia (Hashimoto et al. 2004).
These studies provide strong statistical evidence that
variation in NRG1 confers susceptibility to schizophrenia.
At present, the specific risk alleles and pathogenetic mech-
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anisms are unknown. However, a sizable literature supports the contention that NRG1 isoforms play critical roles
in the developing nervous system and brain as well as in
oncogenesis (Falls 2003). It has been proposed that NRG1
might influence disease susceptibility by altering the expression and activities of a broad range of neuroreceptors,
particular nicotinic acetylcholinergic and N-methyl-Daspartate (NMDA) glutamatergic receptors. NRG1 is also
an important regulator of glial cells and myelination.

Dystrobrevin Binding Protein 1 (DTNBP1)
The dystrobrevin binding protein 1 (DTNBP1) is located
in a meta-analytic bin that received substantial linkage
support as well as in multiple individual studies. Further
work on this linkage peak in an Irish sample suggested the
potential importance of DTNBP1 (Straub et al. 2002; van
den Oord et al. 2003). Significant evidence for association
was found with several single nucleotide polymorphisms
(SNPs) and haplotypes, a finding that remained after a
conservative analysis that included only a single affected
person from each nuclear family (P =0.008–0.0001 for
three-marker haplotypes). Straub and colleagues were
unable to identify the specific susceptibility variants.
Despite a modest number of studies, the evidence for
DTNBP1 as a susceptibility gene for schizophrenia is now
strong. The first replication study—in German and Israeli
families showing evidence for linkage to 6p—gave evidence of association in both samples (Schwab et al. 2003).
A DTNBP1 haplotype was also significantly associated in
a Chinese sample (Tang et al. 2003) and in a Swedish sample (particularly in subjects with a family history of schizophrenia) (Van Den Bogaert et al. 2003), but not in additional Irish (Morris et al. 2003) and German and Polish
samples (Van Den Bogaert et al. 2003). In addition, a large
United Kingdom case–control study initially failed to find
evidence of association for the markers used in other studies, but when novel SNPs (particularly one in the most 5′
promoter) were included with markers from the original
study, highly significant evidence for association was obtained (P=0.00005) ( N.M. Williams et al. 2004a). When
the same markers were examined in a previously negative
Irish sample (Morris et al. 2003), the specific risk haplotype observed was significantly more common in the patient sample.
Taken together, the data from these samples studied by
multiple independent groups provide compelling evidence that variation in DTNBP1, or a neighboring gene,
confers susceptibility for schizophrenia. Individual markers that directly increase disease susceptibility have not yet
been found. The Cardiff, United Kingdom, and Dublin,
Ireland, samples had identical risk haplotypes, but these

differed from those in the other studies. The differences
likely reflect allelic heterogeneity at the DTNBP1 locus.
The true susceptibility variants remain unidentified.

G72 and G30
The third gene was identified within a region of 13q22–
34 initially implicated in a linkage study. Evidence from
the Lewis meta-analysis was not impressive, but this region had linkage support in some studies. The Genset
group in France obtained single-point association evidence after examining a 5-million base pair region with
191 SNP markers in approximately 200 French-Canadian
schizophrenic patients and control subjects (Chumakov et
al. 2002). Examination of haplotypes showed much stronger evidence for association (P=3×10−6, even after correction for multiple comparisons). The authors identified two
possible genes (which were overlapping but located on
opposite DNA strands) in the associated region that
might account for the finding and designated them G72
and G30. No known homologs for either gene were found,
and sequence analysis did not show any likely function.
Both were expressed in brain (and other tissues), but only
G72 gave a product after in vitro translation, designated
PLG72. On this basis, G72/PLG72 was selected for further functional analysis, which showed a possible interaction with D -amino acid oxidase (DAO). By genotyping
eight SNPs across the DAO gene, Chumakov and colleagues (2002) were then able to report that four intronic
SNPs also were associated with schizophrenia (P =0.001)
in the French-Canadians. Although the function of DAO
is largely unknown, it appears to modulate the level of
D-serine in brain. D-Serine may modulate NMDA glutamatergic receptors, suggesting that the G72 and DAO
associations support the long-standing hypothesis of abnormal glutamatergic transmission in schizophrenia.
The statistical evidence for association between G72
and G30 and schizophrenia is impressive, as is the additional finding of association with the interacting gene
DAO. These findings are as-yet unreplicated. However,
polymorphisms in G72 and G30 have been associated with
bipolar disorder (Chen et al. 2004; Hattori et al. 2003).
Given the clear possibility of partial overlap between the
etiology of schizophrenia and bipolar disorder, these findings may have relevance to both disorders.

Regulator of G-Protein Signaling 4 (RGS4)
Unlike NRG1, DTNBP1, and G30 and G72, which were
identified by positional genetic approaches, the gene for
regulator of G-protein signaling 4 (RGS4) was identified
from differential expression data from postmortem brain
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tissue (Mirnics et al. 2001b). Microarray studies of global
gene expression, subsequently confirmed by single-gene
expression analysis, reported that RGS4 expression was
downregulated in the brains of patients with schizophrenia (Mirnics et al. 2001a, 2001b). In addition, RGS4 maps
to 1q21–q22, a region previously implicated by linkage in
schizophrenia.
Chowdari and colleagues (2002) investigated two proband–parent trio samples from the United States and from
India, as well as a third small sample recruited by the National Institute of Mental Health Collaborative Genetics
Initiative. Significant associations were independently obtained in each of the United States samples for haplotypes
encompassing four SNPs in the 5′ flanking sequence and
the first intron of RGS4. As for DTNBP1, different alleles
in different samples defined the risk haplotype. Significant
association was not obtained for the larger Indian sample,
but the overall evidence for association was significant
across all three samples (P=0.0027). Two other groups have
recently reported positive findings with this gene (Morris
et al. 2004; N.M. Williams et al. 2004b). Although these
findings are encouraging, RGS4 does not yet enjoy the
same depth of support as does DTNBP1 or NRG1.

Catechol-O-Methyltransferase (COMT)
The catechol-O-methyltransferase gene (COMT) is a candidate for involvement in schizophrenia because of its location in the region of 22q11 deleted in VCFS and because it encodes a key dopamine catabolic enzyme. The
COMT protein occurs as two distinct forms: a soluble
form found in the cell cytoplasm (S-COMT) and a longer,
membrane-bound form (MB-COMT). In most tissues,
the S-COMT form predominates, but the MB-COMT
form is the more prevalent species in brain. COMT contains a valine-to-methionine substitution at codon 108 of
S-COMT and codon 158 of MB-COMT. The valine variant of S-COMT is reported to have greater activity and
thermostability than the methionine variant, but the effects
on MB-COMT are unknown. The valine variant has been
associated with reduced executive frontal lobe function,
suggesting a mechanism by which COMT might act as a
susceptibility or modifying locus for schizophrenia (Egan
et al. 2001).
Despite the plausibility of this association, the accumulated evidence to date is inconsistent. Intriguingly, the
largest study to date suggested that variation in COMT
other than the valine-methionine polymorphism is strongly
associated with schizophrenia (Shifman et al. 2002). At
the time of this writing, the issue of whether variation in
COMT contributes to susceptibility to schizophrenia remains a matter of considerable controversy.

Proline Dehydrogenase (PRODH)
The proline dehydrogenase gene (PRODH), also located
in the VCFS-deleted region on 22q11, is a candidate for
involvement in schizophrenia according to linkage findings and because mice with an inactivated PRODH gene
have abnormalities of sensorimotor gating reminiscent of
those that may be a trait marker for schizophrenia (Gogos
et al. 1999). An initial study that showed a complex pattern of association with schizophrenia (Liu et al. 2002)
was not replicated in several samples.

Disrupted in Schizophrenia 1 and 2
(DISC1 and DISC2)
A reciprocal translocation between 1q42 and 11q14.3 was
found in a large Scottish family cosegregated with schizophrenia (lod score=3.6) and other psychiatric disorders
(lod score=7.1) (Blackwood et al. 2001). This translocation has been reported to disrupt two genes on chromosome 1: DISC1 and DISC2 (Millar et al. 2000). DISC2
may regulate DISC1 expression via antisense RNA (Millar
et al. 2000). The DISC1 protein may regulate cytoskeletal
function, and DISC1 truncation might contribute to
schizophrenia by affecting neuronal functions dependent
on cytoskeletal regulation (e.g., neuronal migration, neurite architecture, and intracellular transport). Some support for a general pathogenic role for at least one of these
genes was provided by a study by Hennah et al. (2003), in
which haplotypes at DISC1 were associated with schizophrenia in an isolated Finnish population. This finding, if
confirmed, suggests that the putative link between abnormal DISC1 function and schizophrenia might not be specific to the unique family segregating the translocation.
Results from other samples are required to determine
whether the latter finding gains more general support.

Serotonin2A Receptor (HTR2A)
Serotonin receptor2A (HTR2A) is a therapeutic target for
several antipsychotic drugs. Multiple association studies
of a T-to-C polymorphism in HTR2A have been published
with conflicting results. However, two meta-analytic summaries (Lohmueller et al. 2003; J. Williams et al. 1997)
found a weak but strongly significant association. Notably, the effect size of this polymorphism was quite modest—a 7%–20% increase in risk for schizophrenia—
which necessitates very large sample sizes to reliably detect its effect. These findings suggest that variation in
HTR2A confers at most a very small effect on disease susceptibility. Another possibility is that variation at this locus modifies the disease phenotype rather than conferring
disease susceptibility per se.
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Dopamine3 Receptor (DRD3)
The notion of dopaminergic hyperfunction in schizophrenia has been a historically important hypothesis. This
hypothesis has received support from studies of the
dopamine3 receptor gene (DRD3). Most association studies have focused on a serine-to-glycine polymorphism in
exon 1 of DRD3. As with HTR2A, the results of individual studies are inconsistent, but two meta-analyses (Lohmueller et al. 2003; J. Williams et al. 1998) presented evidence for a small but significant effect. The magnitude of
the effect suggested a modest 10%–20% increase in the
risk for schizophrenia.

SUMMARY
The genes discussed in this section are a snapshot taken
in January 2004 of what appear to be the major current
contenders for etiological risk factors for schizophrenia.
The accumulated evidence at the time of this writing is
variable—from strong (NRG1, DTNBP1) through intermediate (RGS4, G72/G30/DAO, HTR2A, DRD3) to weak
(COMT, PRODH). None of these genes is certain to be
involved in the etiology of schizophrenia. On the basis of
the history of psychiatric genetics, it is critical to adopt a
long view of this area of research. The key is not the
excitement generated by a single highly publicized study
but rather the weight of the evidence from multiple studies and lines of inquiry.
A second reason to be cautious in the interpretation of
these studies is that the results of linkage and association
studies—the traditional molecular genetic study designs
in humans—yield only statistical support for candidate genes
for schizophrenia. These studies alone cannot “prove” the
etiological importance of a gene. However, schizophrenia
research now has multiple attractive targets whose significance is now being investigated via an array of other techniques. The polymorphisms in most of the genes in Table
3–3 are not obvious “smoking guns”: the mechanisms underlying the functional significance of most of these polymorphisms are obscure and may involve very subtle alterations in protein production and function.

PHARMACOGENETICS
One of the most striking features of modern medicines
is how often they fail to work. Even when they do work,
they are often associated with serious adverse reactions.
(Goldstein 2003, p. 553)

Most individuals with schizophrenia benefit from
long-term pharmacotherapy. However, the benefits of
antipsychotic treatment are inconsistent, incomplete, and

often countered by significant side effects—relatively
rare, life-threatening conditions (e.g., agranulocytosis,
sudden cardiac death), side effects associated with longterm physical morbidity (e.g., tardive dyskinesia, increased body mass, impaired glucose metabolism), and
subjectively unpleasant states associated with nonadherence (e.g., akathisia). Although most individuals respond
to treatment, poor or partial response is common, and
many patients require trials of multiple medications.
Currently, our capacity to predict these phenomena—
therapeutic response and clinically significant side effects—is limited. Given the relatively poor understanding
of individual differences in the beneficial effects and side
effects of these medications, there are no effective means
by which to match individual patients with schizophrenia
to treatments that maximize the probability of favorable
treatment response and/or minimize the probability of
important side effects. The ability to use the numerous
antipsychotic medications more precisely through a scientifically based pharmacotherapy that is individualized
to specific patients is an unrealized goal.
Interindividual differences in the therapeutic benefits
and adverse drug reactions are likely influenced to a significant degree by genetic variation (Evans and McLeod
2003; Vesell 1989). Serious adverse drug reactions are
common in hospitalized patients (incidence=6.7%) (Lazarou et al. 1998) and cause substantial morbidity, mortality, and cost (Griffin 1997). Phillips et al. (2001) conducted
a systematic review and determined that 16 of 27 (59%)
drugs that are commonly associated with adverse drug reactions are metabolized by one or more enzymes that have
variant alleles associated with poor metabolism. Thus, it
is likely that adverse drug reactions are at least partly a result of individual differences in drug metabolism.
The term pharmacogenetics is often used to refer to efforts to dissect the genetic contributions to individual
variation in therapeutic drug response or liability to adverse effects. In psychiatry, attention has focused mostly
on the hepatic enzymes that metabolize antipsychotic medications (cytochrome P450 1A2 [CYP1A2], CYP2D6,
CYP3A4) or that are the known molecular targets of these
medications (DRD2, DRD3, HTR2A). As examples of the
potential explanatory power of this approach, the dosage
of warfarin and risk of bleeding complications are strongly
influenced by inactivating genetic variations in its metabolic pathway (principally CYP2C9) (Daly and King 2003),
and the risk of venous thromboembolism associated with
oral contraceptive use appears to be strongly influenced
by the factor V Leiden and factor II G20210A mutations
(Emmerich et al. 2001).
The literature on the pharmacogenetics of antipsychotic therapeutic response and side-effect liability is

Genetics
large and unwieldy and is based on relatively few studies.
However, some tenable hypotheses arise from this literature. First, a few hypothesized associations are supported
by a preponderance of evidence (e.g., DRD3 and risk of tardive dyskinesia). Second, hypothesized associations with
both positive and negative results are found in the literature (e.g., HTR2A and treatment response). Third, tenable hypothesized associations have been investigated in
only one or a few studies (e.g., DRD1 and treatment response). Fourth, tenable hypotheses based on molecular
pharmacokinetic and pharmacodynamic data are essentially
unstudied.
The best-supported current finding in the pharmacogenetic literature on antipsychotics is probably the association of a serine-to-glycine change in DRD3 with tardive dyskinesia. A recent meta-analysis supported this
association, with a pooled odds ratio of 1.52 (95%
CI= 1.08–1.68) (Lerer et al. 2002). This polymorphism
also has been associated with schizophrenia itself (Lohmueller et al. 2003; J. Williams et al. 1998), particularly in
treatment responders (Shaikh et al. 1996).

CONCLUSION
Schizophrenia has historically proven to be highly resistant to attempts to discern its etiology, and few hard facts
exist about the origins of this often-devastating neuropsychiatric illness. Application of molecular genetic strategies in schizophrenia is rational, and it was widely anticipated that these techniques would lead to very rapid
advances. It is not surprising that this proved to be an
inflated hope that led to pronouncements that “linkage
has failed,” a critique that also went too far.
As shown in Table 3–3, there are several logical candidate genes for schizophrenia, a few of which have unprecedented empirical support. It is likely that some of the
genes in Table 3–3 will prove to be false leads, and this result should be anticipated. However, it would be a monumental advance for schizophrenia research if even one of
these genes (or a gene network to which it belongs) proves
to be involved in the etiology of schizophrenia. It is essential to take a long view of this body of work and to weigh
the accumulated evidence rather than single, perhaps
highly publicized, studies.
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PRENATAL AND
PERINATAL FACTORS
JOHN H. GILMORE, M.D.
ROBIN M. MURRAY, M.D.

Strong evidence indicates that genetic factors are important in the etiology of schizophrenia (see Chapter 3, “Genetics,” this volume). However, it is clear that environmental factors also play a critical role. In this chapter, we
review what is known about the relative contribution of
early environmental factors to the etiology of schizophrenia and which early environmental factors have been implicated. We also explore the potential mechanisms
through which early environmental risk factors act on the
developing brain and increase the risk for schizophrenia.
We do not discuss environmental factors such as drug
abuse and social stress, which may operate closer to the
onset of the disorder.

The twin methodology itself has two major limitations
that may overestimate the genetic contribution and underestimate the environmental contribution to schizophrenia. First, heritability estimates assume additive effects of genes and environment and do not take into
account the possibility of gene–environment interactions;
this issue is discussed in detail by Van Os and Sham
(2004).
Second, twin methodology is based on the equal environment assumption (i.e., that MZ and DZ twins share
similar prenatal environments). However, it has become
increasingly obvious that the prenatal environment of MZ
twins is significantly different from that of DZ twins,
mainly because most MZ twins share a placenta, whereas
DZ twins have separate placentas. In extreme cases,
monochorionic placentation and twin–twin transfusion
syndrome can lead to large size differences between twins;
in general, however, MZ twins have lower birth weights,
higher rates of premature birth, and more adverse perinatal outcomes than do DZ twins (Dube et al. 2002).
These same pre-and perinatal environmental risk factors
also may increase risk for schizophrenia and could therefore lead to higher concordance rates in MZ twins that
would be falsely attributed to genetic factors. A shared
placenta also may result in concordant exposure to infec-

ROLE OF ENVIRONMENTAL FACTORS
IN ETIOLOGY OF SCHIZOPHRENIA
Twin studies estimate the heritability of schizophrenia to
be approximately 80%, with environmental factors accounting for the remaining 20% of liability (Cardno et al.
1999; Sullivan et al. 2003). Heritability estimates derived
from twin studies are based on a comparison of concordances for schizophrenia between monozygotic (MZ) and
dizygotic (DZ) twins.
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Relative contributions of environmental risk factors and genes to risk for schizophrenia
Odds ratio/
Relative risk

Obstetrical
complications

Other
environmental
factors

Genes

Study

Gestational age< 37 weeks

2.44

Geddes et al. 1999

Premature rupture of membranes

3.11

Geddes et al. 1999

Low birth weight (<2,500 g)

1.51

Geddes et al. 1999

Incubator or resuscitation

2.21

Geddes et al. 1999

Diabetes in pregnancy

7.76

M. Cannon et al. 2002

Placental abruption

4.02

M. Cannon et al. 2002

Birth weight< 2,000 g

3.89

M. Cannon et al. 2002

Birth weight< 2,500 g

1.67

M. Cannon et al. 2002

Emergency cesarean delivery

3.24

M. Cannon et al. 2002

Uterine atony

2.29

M. Cannon et al. 2002

Rhesus factor variables

2.00

M. Cannon et al. 2002

Asphyxia

1.74

M. Cannon et al. 2002

Bleeding in pregnancy

1.69

M. Cannon et al. 2002

Preeclampsia

1.36

M. Cannon et al. 2002

Hypoxia-ischemia related

4.56

Zornberg et al. 2000

Respiratory infection

2.13

Brown et al. 2000b

Influenza

3.0

Brown et al. 2004a

Malnutrition

2.0

Susser and Lin 1992

Urban birth

2.4

Mortensen et al. 1999

Season of birth

1.11

Mortensen et al. 1999

Dysbindin

1.14–1.87

Schwab et al. 2003

Neuregulin

1.25–2.20

Stefansson et al. 2002, 2003;
Williams et al. 2003

Catechol-O-methyltransferase

1.59

Egan et al. 2001; Wonodi et al. 2003

tion or placental pathology, whereas dichorionic DZ
twins would be more likely to have discordant exposures.
In a comment on the twin method, Phillips (1993) concluded that “the results of twin studies may be especially
misleading in disorders in which the prenatal environment is thought to play a part in their etiology” (p. 1009).
The latter is likely to be the case with schizophrenia. It is
not clear, however, if being a twin increases the risk of developing schizophrenia because studies addressing this
question have yielded conflicting results (Kendler et al.
1996; Klaning et al. 1996).
The overall contribution of genes for liability for
schizophrenia may be large, whereas the contribution of
individual genes appears to be small. Odds ratios (ORs)
for recently reported susceptibility genes are less than 2.0
(see Table 4–1). For example, the neuregulin “at-risk hap-

lotype” is present in only 9.5%–15.4% of patients and in
5.9%–7.5% of control subjects, giving ORs in the 1.25–
2.20 range (Stefansson et al. 2003; Williams et al. 2003).
For catechol-O-methyltransferase (COMT), the OR for
the risk genotype is 1.59 at maximum (Egan et al. 2001;
Wonodi et al. 2003); for dysbindin, the OR is 1.14–1.87
(Schwab et al. 2003). In a similar fashion, studies of the
dysbindin gene find the risk haplotype present in only 6%
of patients (van den Oord et al. 2003).
The picture emerges that genetic background is necessary but may not be sufficient to cause schizophrenia
and that the contribution of individual genes to risk for
schizophrenia is small. Perhaps the most obvious indication of the important role environmental factors play in
schizophrenia is the observation that concordance rates in
MZ twins are only in the 40%–45% range (Cardno et al.
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Premature birth
Preeclampsia/
Hypertension

Placental abruption
Hypoxia at birth

Diabetes
Malnutrition

F I G U RE 4– 1 .

Fetal growth restriction

Infection
(systemic/intrauterine)

Small for
gestational age

Interrelations between pre- and perinatal risk factors for schizophrenia.

1999; Tsuang et al. 2001). Furthermore, the ORs for several early environmental risk factors are of about the same
order as those for individual risk genes (see Table 4–1).
Therefore, it is critically important to improve our ability
to define accurately environmental risk factors and to delineate mechanisms of action, to understand not only the
etiology of schizophrenia but also the pathophysiology
that underlies clinical symptomatology.
In the following section, we review the pre- and perinatal factors associated with increased risk for schizophrenia with a focus on potential mechanisms of action and
what is known about their effect on brain development
and neurodevelopmental outcome.

PRENATAL AND
PERINATAL COMPLICATIONS
Considerable evidence shows that pre- and perinatal
obstetrical complications increase risk for schizophrenia.
Three meta-analyses have been performed. Geddes and
Lawrie (1995) found that the presence of any obstetrical
complication, broadly defined, increased risk for schizophrenia with an OR of 2.0. Subsequent studies attempted
to understand the contribution of individual complications to risk for schizophrenia. Geddes et al. (1999) analyzed a set of studies that used the same Lewis–Murray
scale for assessing obstetrical complications and found
that premature rupture of the membranes, gestational age
less than 37 weeks at birth, and the use of resuscitation or
an incubator after birth increased the risk for schizophrenia. However, many of the studies included in these two
meta-analyses were limited by methodological factors,

including selection and potential publication biases (Geddes and Lawrie 1995), nonspecific and sometimes retrospective definitions of complications, varying definitions
across studies, and a lack of severity indicators.
In response to these methodological issues, M. Cannon et al. (2002) performed a meta-analysis on more recent prospective population-based studies; they found
that several types of complications increased risk for
schizophrenia, including low birth weight (<2,500 g),
bleeding in pregnancy, diabetes in pregnancy, preeclampsia, rhesus incompatibility, asphyxia, and emergency cesarean delivery. ORs for individual complications in these
meta-analyses ranged from 1.36 for preeclampsia to 7.76
for gestational diabetes (Table 4–1). A more recent study
further suggested that maternal hypertension and treatment with a diuretic increased the risk for schizophrenia
(OR=4.9; Sorensen et al. 2003).
The variety of obstetrical complications associated
with increased risk of schizophrenia at first suggests that
there may be multiple potential mechanisms underlying
the associations. In addition, it is difficult to determine
whether a true association with each factor exists or
whether the observed association is a marker for other
factors. However, a careful review of the many prenatal
and perinatal complications that increase risk for schizophrenia, their causes, and their relations to one another
allows the identification of some likely common mechanisms (see Figure 4–1).

HYPOXIA-ISCHEMIA
Many studies have focused on “hypoxic-ischemic–related” complications and have found that these increase
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the risk for schizophrenia with an OR of up to 4.5 (Zornberg et al. 2000). Others have found that hypoxic-ischemic complications increase risk of early-onset schizophrenia but not later-onset schizophrenia (T. D. Cannon
et al. 2000; Rosso et al. 2000). What is considered a hypoxic-ischemic complication varies from study to study,
and it is open to argument whether some of the complications are actually associated with hypoxia or with ischemia. Quantitative assessments of oxygenation status
are lacking. It is also clear that a chronic hypoxia associated with hypertension during pregnancy (including preeclampsia) and acute hypoxia during delivery would likely
have very different effects on brain development and thus
should be differentiated.

FETAL GROWTH RESTRICTION
A second focus has been on abnormal growth. Many studies indicate that low birth weight is a risk factor for schizophrenia; in some studies, the association with low birth
weight is found in the context of premature birth, and in
other studies, it is not. Infants who are born small for gestational age typically have experienced fetal growth restriction. Clinically, fetal growth restriction is present in
3%–10% of pregnancies and is subtyped as symmetrical
and asymmetrical. Symmetrical growth restriction involves a proportional lag of body and head size, whereas
asymmetrical growth restriction refers to a decreased
body size with a relatively normal head size. Asymmetrical
growth restriction is due to a “brain-sparing effect” by
which nutrients and oxygen are delivered to the developing brain at the expense of the rest of the body (Leveno et
al. 2003). Some evidence suggests that this brain-sparing
effect may be relevant to schizophrenia; Wahlbeck et al.
(2001) found that birth weight and birth length were significantly smaller but head circumference was not in children
who went on to develop schizophrenia. Future studies
should distinguish fetal growth restriction as symmetrical
or asymmetrical.
About 20% of fetal growth restriction is due to chromosomal disorders and other congenital malformation
(Resnik 2002). Maternal vascular disease, especially earlyonset severe preeclampsia and chronic hypertension, accounts for another 20%–30%. Other causes include disorders that cause thrombosis in the placenta, malnutrition,
infection, smoking and other substance use, and multiple
gestations. Fetal growth restriction is associated with fetal
demise, premature birth, meconium aspiration, hypoxia,
hypoglycemia, and acidosis during delivery. However, it is
important to note that many cases of fetal growth restriction may actually represent a constitutionally small but
otherwise normal fetus (Lin and Santolaya-Forgas 1998a).

Thus, fetal growth restriction represents a wide range
of pathology (and, indeed, nonpathology) that includes
abnormal blood flow and subsequent hypoxia, as well as
hypoglycemia and acidosis in a subset of cases. Currently,
blood flow can be measured in the umbilical artery and
even in the fetal cerebral circulation, allowing a better determination of whether blood flow and oxygenation abnormalities actually exist in a specific fetus with fetal
growth restriction (Lin and Santolaya-Forgas 1998b; Pardi
et al. 2002).
Fetal growth restriction has a significant effect on
brain development and ultimate neurodevelopmental
outcome. Infants with fetal growth restriction and abnormal umbilical artery blood flow are more likely to be born
prematurely and to have impaired intellectual development, mental retardation, and severe motor impairment
(Vossbeck et al. 2001; Wienerroither et al. 2001). Term infants with fetal growth restriction have small but significant decreases in IQ when studied in adolescence (Paz et
al. 2001).

PREMATURE BIRTH
Birth before 37 weeks’ gestation is relatively common and
occurs in 11% of the population. About 50% of preterm
births are considered idiopathic, and 30%–40% are
caused by an infection of some kind, especially intrauterine infection, which is often chronic and clinically unrecognized prior to delivery (Haram et al. 2003). Other
causes of preterm birth include immunological disorders;
cervical incompetence; uterine abnormalities; and maternal factors, such as preeclampsia, drug use, cigarette smoking, and poor nutrition (Leveno et al. 2003). Depending on
its magnitude and cause, prematurity can be associated with
postnatal complications, including infection, hypoxia, and
cerebral damage in the form of intraventricular hemorrhage and periventricular leukomalacia.
Children born prematurely or with very low birth
weight have poor neurodevelopmental outcomes, including mental retardation, learning disorders, and behavior
problems (Saigal 2000; Wolke 1998). Studies suggest that
these abnormalities persist into adolescence and adult life
(Stewart et al. 1999). Individuals born very preterm are less
likely than their full-term counterparts to take risks or
drugs in adolescence or to be involved in criminal behavior
(Hack et al. 2002). It is not clear whether these individuals’
conventional behavior is a result of their recognition of
their own limitations or whether it is a consequence of
their parents having kept a particularly close eye on them.
Structural brain abnormalities, consistent with structural
abnormalities found in patients with schizophrenia, including reduced cortical gray matter and hippocampal vol-
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umes and enlarged lateral ventricle volumes, are observed
in childhood and adolescence in children born very preterm or of low very birth weight (Allin et al. 2004; Isaacs
et al. 2000; Nosarti et al. 2002, 2003; Peterson et al. 2000).
Other outcomes common both to such individuals and to
people with schizophrenia are an excess of neurological
soft signs and abnormalities of language lateralization
(Rushe et al. 2004).

PREMATURE RUPTURE OF MEMBRANES
Premature rupture of membranes is a major cause of preterm birth and is itself associated with amniotic fluid
infection, multiple fetuses, abruptio placentae, and a previous preterm birth (Leveno et al. 2003).

PREECLAMPSIA AND HYPERTENSION
Hypertension complicates about 3.7% of pregnancies and
is the most common medical complication of pregnancy.
Preeclampsia, one of the hypertensive disorders of pregnancy, is characterized by reduced organ perfusion due to
vasospasm (Leveno et al. 2003). Other hypertensive disorders include eclampsia, gestational hypertension, chronic
hypertension, and preeclampsia superimposed on chronic
hypertension.
The cause of preeclampsia is unknown, but preeclampsia is thought to be primarily a disorder of endothelial cell injury resulting from an excessive maternal inflammatory response to pregnancy (Redman et al. 1999).
Preeclampsia is associated with abnormalities of the spiral
arteries of the placenta that result in decreased placental
blood flow and ischemia. Vasospasm can lead to infarction
and reperfusion, resulting in hypoxia and the activation of
inflammatory cytokines within the placenta (Henriksen
1998). Preeclampsia is associated with low birth weight,
preterm birth, and fetal growth restriction in severe cases.
Maternal hypertension does not appear to cause poorer
neurodevelopmental outcome apart from those associated
with complications of prematurity (Gray et al. 1998), although a recent study did find mild developmental delay
at age 2 years, independent of associated complications
(Cheng et al. 2004).

PLACENTAL ABRUPTION AND BLEEDING
Premature separation of the placenta occurs in 1 in 200 pregnancies (Leveno et al. 2003). Placental abruption has an
infant mortality rate of approximately 20%–25% and is
associated with preterm birth and fetal growth restriction
(Ananth et al. 1999). Approximately 14% of infant survivors have significant neurological deficits (Abdella et al.

1984). Placental abruption is associated with increased
maternal age and parity, preeclampsia and chronic hypertension, and preterm rupture of the membranes.

DIABETES IN PREGNANCY
In the meta-analysis by M. Cannon et al. (2002), diabetes
in pregnancy was associated with increased risk for schizophrenia, although it is not clear from the studies reviewed
whether this was gestational diabetes or diabetes that was
present before pregnancy. Diabetes of either type is present in 2.6% of pregnancies that result in a live birth. Diabetes is associated with macrosomia, which can be associated
with delivery complications resulting from cephalopelvic
disproportion (Leveno et al. 2003). Preexisting diabetes is
associated with fetal demise, congenital abnormalities such
as central nervous system abnormalities, preeclampsia, and
preterm birth. Mothers with diabetes are also at high risk
for infections, with 80% developing at least one infection
during pregnancy compared with 25% of nondiabetic
mothers (Leveno et al. 2003). Evidence indicates that the
offspring of mothers with diabetes have normal IQ; however, those children who experienced neonatal hypoglycemia have abnormalities of attention, motor control, and
perception (Stenninger et al. 1998).
Little is known about the mechanisms through which
maternal diabetes acts on the developing fetal brain.
Mature rats born to diabetic mothers have significant
decreases in synaptic length and dendritic spines of cerebellar Purkinje’s neurons (Yamano et al. 1986). The developing fetal brain also has an enhanced inflammatory response to teratogens in diabetic mice (Lian et al. 2004).
Diabetes in pregnancy also causes an increase in reactive
oxygen species and peroxide production in the neonatal
brain (Raza and John 2004). These studies suggest that
maternal diabetes may make the developing brain more
sensitive to additional insults.

UTERINE ATONY
Uterine atony is a common cause of postpartum hemorrhage that, by itself, would not be expected to have an
effect on brain development. However, uterine atony is
associated with prolonged labor and chorioamnionitis
(Leveno et al. 2003), which would have an effect on the
developing brain.

RHESUS FACTOR INCOMPATIBILITY
Rhesus (Rh) factor incompatibility as a risk factor for
schizophrenia was first described by Hollister et al. (1996)
and confirmed in studies that were part of the M. Cannon
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et al. (2002) meta-analysis. Recently, genetic approaches
also have found that maternal–fetal genotype incompatibility at the RHD locus increases risk of schizophrenia
(OR=1.7 and 2.6) (Kraft et al. 2004; C. G. S. Palmer et al.
2002). Rh factor incompatibility can lead to hypoxia as
well as high levels of bilirubin, which could have a deleterious effect on the developing brain, including apoptosis
of neurons and astrocytes (Shapiro 2003). In addition,
inflammatory cytokines are increased in the setting of Rh
factor incompatibility, which would have an adverse effect
on the developing brain (Davenport 1994).

PRENATAL EXPOSURE TO MATERNAL INFECTION
Most research on prenatal exposure to infection and schizophrenia has focused on a specific viral infection—that of
influenza. The findings are inconsistent, but most published studies indicate that maternal influenza infection
during pregnancy is associated with a higher incidence
of schizophrenia in offspring (Bagalkote et al. 2000;
McGrath et al. 1995); whether this reflects reality or publication bias remains to be seen. Some have implicated
infections other than influenza, including pneumonia and
diphtheria (Watson et al. 1984), measles, varicella-zoster,
polio (Torrey et al. 1988), bronchopneumonia (O’Callaghan et al. 1994), and poliovirus (Suvisaari et al. 1999).
Recent studies have moved beyond ecological association to studies that link infections in an individual
mother with schizophrenia in her child. Respiratory infections, broadly defined, in the second trimester have
been found to increase risk for schizophrenia (relative
risk=2.13; Brown et al. 2000b). In this same cohort, serological evidence of maternal exposure to influenza in the
first half of pregnancy increased risk for schizophrenia
(OR=3.0; Brown et al. 2004b). Rubella infections during
pregnancy also have been linked to increased risk for
schizophrenia (relative risk=5.2; Brown et al. 2000a). Finally, the offspring of mothers with elevated levels of immunoglobulin G (IgG) and IgM, as well as antibodies to
herpes simplex virus type 2, during pregnancy have an increased risk for schizophrenia (Buka et al. 2001b).

SEASON OF BIRTH AND PLACE OF BIRTH
The excess of late winter to early spring births is one of
the more consistent epidemiological findings in schizophrenia (Torrey et al. 1997). In a large population-based
study, season of birth had an OR of 1.11 and accounted for
10.5% of the population attributable risk (Mortensen et

al. 1999). Curiously, one report suggested an excess of
summer births in patients with the deficit subtype of
schizophrenia, should the latter exist as a distinct entity
(Kirkpatrick et al. 2002). Many factors have been postulated to underlie the excess of late winter to early spring
births in schizophrenia, including infections, nutritional
deficiency, toxic exposures, and meteorological factors
such as light and temperature (Tochigi et al. 2004; Torrey
et al. 1997).
Urban birth also increases risk for schizophrenia, with
an OR of 1.4–2.4 and a population attributable fraction in
Holland and Denmark of approximately 30% (Marcelis et
al. 1998; Mortensen et al. 1999). It is not clear at what
stage of life urban birth produces its effect, but possible
underlying factors include infection, diet, toxic exposures,
and stress.

NUTRITION
Maternal malnutrition has been reported to increase the
risk of schizophrenia in offspring. Children born to mothers with severe food deprivation in the Dutch Hunger
Winter had higher rates of schizophrenia (relative risk=
2.0; Susser and Lin 1992; Susser et al. 1996). This exposure also was reported to be associated with increased risk
of schizoid personality disorder (Hoek et al. 1996) and affective disorder (Brown et al. 2000c). Patients with schizophrenia exposed to the prenatal famine were found to have
decreased intracranial volumes and more white matter hyperintensities compared with patients without exposure
(Hulshoff Pol et al. 2000). For obvious reasons, it has been
difficult to find a sample on which to replicate the findings
of the Dutch Hunger Winter.

STRESS
Some reports indicate that maternal stress during pregnancy and in the first year of life can increase the risk for
schizophrenic offspring. For example, children whose fathers died during the mother’s pregnancy were more
likely to develop schizophrenia than were control subjects
(Huttunen and Niskanen 1978). Mothers with an unwanted pregnancy also were more likely to have a child
who went on to develop schizophrenia (Myhrman et al.
1996). However, other studies failed to find increased risk
after prenatal exposure to a Dutch flood disaster (Selten
et al. 1999) or a war in Israel (Selten et al. 2003). Although
maternal stress can influence fetal brain development, the
case for a specific link to risk for schizophrenia is weak.
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MECHANISMS OF ENVIRONMENTAL
RISK FACTORS
Various obstetrical and other prenatal environmental risk
factors appear to contribute to risk for schizophrenia. The
different pre- and perinatal risk factors are often associated with one another, and one type of complication can
cause another. In addition, one kind of complication, such
as diabetes, malnutrition, or infection, may make the
developing brain more vulnerable to a subsequent insult,
such as hypoxia. Furthermore, early risk factors for
schizophrenia that might initially be considered environmental for the fetus, such as preeclampsia and gestational
hypertension, have genetic components (Nilsson et al.
2004).
Progress in understanding how these environmental
factors increase risk for schizophrenia requires a better
understanding of the mechanisms of action—how they affect early brain development. At first glance, the long list
of seemingly diverse pre- and perinatal factors that increase risk for schizophrenia makes this appear to be a
daunting task. However, review of the risk factors, their
causes, and their effects on the developing brain, as well
as their relation to one another, allows us to focus on potential mechanisms.
We propose that four major mechanisms of action—
hypoxia-ischemia, inflammation and infection (inflammatory cytokines), malnutrition, and stress responses—
underlie these early risk factors for schizophrenia. As
outlined in the following subsections, the four major
mechanisms of action we propose can each alter brain development in a manner consistent with the neuropathology of schizophrenia (see Chapter 9, “Neuropathology
and Neural Circuits Implicated in Schizophrenia,” this
volume). An improved understanding of the basic mechanisms that underlie early risk factors for schizophrenia
will make it possible to focus future research, both in the
laboratory and in the clinic, by making the assessment of
these risk factors more precise and quantitative.

HYPOXIA-ISCHEMIA
Chronic ischemia during fetal development can occur in
some cases of fetal growth restriction, as well as in preeclampsia and chronic hypertension. Acute hypoxia may
be present in, or caused by, many birth complications
linked to risk for schizophrenia, including fetal growth
restriction, placental abruption, intrauterine infection,
emergency cesarean delivery, asphyxia, and resuscitation.
Hypoxia is also often present during the postnatal period
after preterm birth.

Hypoxia-ischemia can cause a wide variety of abnormalities in the developing brain related to excitotoxic injury and cell death (Johnston et al. 2001). Relevant to the
more subtle neuropathology that underlies schizophrenia,
moderate postnatal hypoxia in rats can cause abnormal development of synapses in the hippocampus and cortex, as
well as abnormal myelination of the corpus callosum and
other pathways (Curristin et al. 2002). Neonatal hypoxiaischemia also causes premature death of subplate neurons,
which would affect the activity-dependent refinement of
cortical connections (McQuillen et al. 2003). Indeed,
cesarean birth and anoxia have been reported to cause
long-lasting abnormalities in dopamine functioning and
abnormal prepulse inhibition in guinea pigs and rats (Vaillancourt and Boska 2000) and dopamine hypofunction in
the medial prefrontal cortex of rats (Brake et al. 2000).
As we noted earlier, fetal growth restriction likely is the
result of multiple mechanisms, including hypoxia, malnutrition, and inflammation. A few studies have attempted to
understand the effect of fetal growth restriction on the developing brain. Fetal growth restriction due to placental
embolization in sheep is associated with cerebral white
matter damage (Duncan et al. 2000). Fetal growth restriction resulting from unilateral uterine artery ligation in
guinea pigs causes delayed myelination (Nitsos and Rees
1990), ventriculomegaly and reduced hippocampal volume (E. C. Mallard et al. 1999), and decreased neuron
number in the hippocampus and cerebellum (C. Mallard et
al. 2000) and altered dendritic morphology in the hippocampus (Dieni and Rees 2003). These models indicate that
fetal growth restriction caused by compromised placental
blood flow has a significant long-term effect on brain development consistent with the known neuropathology of
schizophrenia. The range of neuropathological effects observed in these models, from subtle alterations of dendritic
morphology to gross white matter damage, is consistent
with the range of outcomes described clinically, from subtle decreases in IQ to cerebral palsy.

INFECTION AND INFLAMMATION
Many of the perinatal complications associated with
schizophrenia can be caused by infection (Bergstrom
2003). As reviewed earlier, 30%–40% of preterm births
are due to infection (Goldenberg et al. 2000; Haram et al.
2003). Infection, either intrauterine or systemic, is also a
risk factor for fetal growth restriction (Beckmann et al.
1993), preeclampsia (Hsu and Witter 1995), and premature rupture of the membranes (Leveno et al. 2003). In
addition, the signs of birth asphyxia such as low Apgar
scores and neonatal seizures are often secondary to maternal infection (Grether and Nelson 1997). Finally, mater-
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nal diabetes significantly increases the incidence of infections during pregnancy (Leveno et al. 2003).
Several animal models indicate that prenatal exposure
to maternal infection can cause long-lasting behavior
changes consistent with those found in schizophrenia.
Maternal infection with human influenza virus in mice results in abnormalities in prepulse inhibition (Shi et al.
2003). Maternal exposure to poly I:C, a synthetic doublestranded RNA that stimulates a cytokine response, causes
prepulse inhibition abnormalities (Shi et al. 2003) and disrupted latent inhibition (Zuckerman and Weiner 2003;
Zuckerman et al. 2003). Maternal exposure to Escherichia
coli lipopolysaccaride, a cell wall endotoxin, also disrupts
sensorimotor gating in the offspring (Borrell et al. 2002).
Maternal exposure to influenza can cause defective corticogenesis (Fatemi et al. 1999) and increased cortical pyramidal cell density (Fatemi et al. 2002).
Hypotheses about the role of infection in the etiology
of schizophrenia have focused on direct infection of the
developing fetus (Yolken and Torrey 1995) or the generation of antibodies that cross-react with neuronal antigens
(Wright et al. 1993). Because various infections are associated with increased risk of schizophrenia, a feature common to all infections would be a likely candidate mechanism. Such a common mechanism may be that cytokines,
generated in response to maternal infection, alter early
brain development and increase risk for schizophrenia
(Gilmore and Jarskog 1997). Interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor–α (TNF-α)
are elevated in the maternal–fetal unit after maternal infection in human pregnancies (Hillier et al. 1993; Yoon et al.
1996) and in animal models (Fidel et al. 1994; Urakubo et
al. 2001). Cytokines decrease survival of serotoninergic
and dopaminergic neurons (Jarskog et al. 1997), hippocampal neurons (Araujo and Cotman 1995), and cortical
neurons (Marx et al. 2001). Prenatal exposure to maternal
infection alters neurotrophic factor expression in the fetal
and neonatal brain (Gilmore et al. 2003). Finally, IL-1β,
IL-6, and TNF-α also can decrease the dendritic complexity of developing cortical neurons (Gilmore et al. 2004).
Recent studies give some support to this hypothesis by
reporting increased blood levels of TNF-α (Buka et al.
2001a) and IL-8 (Brown et al. 2004a) in pregnant mothers
whose children went on to develop schizophrenia. In addition, associations between schizophrenia and polymorphisms of cytokine genes increase cytokine production,
including TNF-α (Boin et al. 2001; Jun et al. 2003;
Meira-Lima et al. 2003) and IL-1β (Katila et al. 1999).
Furthermore, associations are found between polymorphisms for IL-1β (Meisenzahl et al. 2001) and the TNF
receptor–II (Wassink et al. 2000) and abnormal brain
morphology in patients with schizophrenia, including lat-

eral ventricle enlargement and cortical gray matter and
white matter reductions. Genes that increase the inflammatory response to perinatal infection or hypoxia would
increase risk for schizophrenia through cytokine actions
on the developing brain, an example of a possible gene–
environment interaction.
Inflammatory cytokines also have been implicated in
hypoxic-ischemic injury to the developing brain. IL-6 and
TNF-α are elevated in the cerebrospinal fluid and cord
blood of infants with hypoxic-ischemic encephalopathy
and asphyxia (Chiesa et al. 2003; Silveira and Procianoy
2003). Hypoxia-ischemia increases the expression of cytokines in the brain, and mounting evidence indicates that
these inflammatory cytokines play a critical role in neuronal injury after hypoxia and other perinatal insults (Saliba and Henrot 2001; Silverstein et al. 1997). Cytokines
play a major role in the pathophysiology of both infectious and hypoxic-ischemic complications and offer a unifying mechanism of action for these risk factors for
schizophrenia.

MALNUTRITION
Poor nutrition can result in fetal growth restriction and
preterm delivery, each of which can have an adverse effect
on brain development. In addition, evidence shows that
prenatal nutritional deprivation alone can cause long-lasting
changes in aspects of brain development that are relevant
to schizophrenia (Brown et al. 1996; Butler et al. 1994).
Prenatal protein restriction causes abnormal synaptic
function in the corpus callosum (Soto-Moyano et al.
1998), decreased mossy fiber plexus in the hippocampus
(Fiacco et al. 2003), and abnormal prepulse inhibition
(A.A. Palmer et al. 2004). Prenatal vitamin B6 restriction
decreases dendrite complexity and synaptic density in the
cortex (Groziak and Kirksey 1990). Malnutrition also
makes the developing brain more susceptible to subsequent excitotoxic injury (Guo-Ross et al. 2002). Finally,
increasing evidence indicates that prenatal diet plays an
important role in epigenetic gene regulation, including
DNA methylation (Poirier 2002; Waterland and Jirtle
2003). Environmental factors such as diet can increase or
decrease the methylation of DNA in the promoter regions
of specific genes, causing permanent changes in the rate
at which these genes are expressed.

STRESS HORMONES
Even though the evidence that maternal psychological
stress can increase risk for schizophrenia is weak, the
stress response to hypoxia, infection, and other pre- and
perinatal complications must be considered as a potential
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mechanism (Koenig et al. 2002). Prenatal maternal stress,
acting through corticosteroids, results in a variety of abnormalities in the developing brain (Edwards and Burnham 2001; Matthews 2000). Of particular relevance to
schizophrenia, prenatal stress results in decreased synaptophysin immunoreactivity in the cortex and hippocampus of adult animals (Hayashi et al. 1998; Koo et al.
2003) and alterations in pre- and postsynaptic gene expression in frontal cortex (Kinnunen et al. 2003). Neurogenesis in the hippocampus is also inhibited by prenatal
stress (Coe et al. 2003; Lemaire et al. 2000). Finally, prenatal corticosterone exposure also alters hippocampal
γ-aminobutyric acid systems (Stone et al. 2001), and prenatal exposure to stress causes long-lasting changes in the
neuroendocrine response to stress in animals, which also
could contribute to ongoing central nervous system damage (Edwards and Burnham 2001; Matthews 2000).

CONCLUSION
Studies of early environmental risk factors often have relied on imprecise methods of identifying ill-defined factors though epidemiological studies. By comparison, molecular genetic studies offer the advantage of precision.
However, our improving understanding of the mechanisms that underlie early environmental risk factors now
also allows the use of more precise, quantitative measures
of such risk factors in individual pregnancies. Examples of
such measures are prenatal ultrasound measures of brain
growth and structure, placental size, and umbilical artery
and even middle cerebral artery blood flow in the developing fetus. Also, inflammatory and stress mediators can
be measured in maternal and fetal cord blood, placental
pathology can be assessed objectively, and oxygenation at
the time of birth can be assessed quantitatively. As the assessment of individual environmental risk factors becomes
more precise, we will be better able to identify pathological mechanisms that contribute to risk for schizophrenia.
Indeed, our understanding of the etiopathophysiology
of schizophrenia will remain incomplete without a better
knowledge of the mechanisms through which early environmental risk factors act. Multiple genes in the population likely each convey a small risk for schizophrenia,
acting in combination with one another and with environmental factors. These susceptibility genes cannot be altered. However, environmental factors, which also play a
critical role in ultimate development of schizophrenia, offer our best hope for the prevention of the illness. Psychiatric research has embraced the complex methodology
and the large, expensive studies that are needed to delin-

eate the small contributions of individual genes to overall
risk for schizophrenia. In a similar way, new methodologies will be needed to determine the early environmental
factors that increase risk for schizophrenia. This will require building collaborations with obstetricians, maternal-fetal medicine specialists, neonatologists, and pediatricians. It also will require the development of animal
models that will allow a more precise determination of the
effect of these early environmental risk factors on relevant
neurodevelopmental processes.
Perhaps just as important, it is critical to develop and
apply methodologies to study gene–environment interactions, both in the clinic and in the laboratory. This would
include clinical studies that combine genetic and epidemiological approaches (e.g., Caspi et al. 2003; Clayton and
McKeigue 2001) aimed at ascertaining whether the action
of certain genes is to render the individual particularly
vulnerable to certain early environmental hazards such as
hypoxia and infection. It also would include the development of animal models that allow the study of interactions
between genes of risk and environmental risk factors and
their effect on brain development. We are optimistic that
such approaches will provide important advances in understanding the causes of schizophrenia.
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The dominant model of schizophrenia during the past
century has been the Kraepelinian concept of a degenerative disease, captured in the term dementia praecox. However, the view that abnormal neurodevelopment may
underlie schizophrenia has been gaining acceptance in recent years. This idea is not new and dates to the earliest
modern conceptions of the illness. For example, deficits in
social interaction as well as premorbid signs in childhood
were noted by both Bleuler and Kraepelin (see Malmberg
et al. 1998; Marenco and Weinberger 2001). During the
late nineteenth century, Thomas Clouston (1891) observed developmental dysmorphic abnormalities, such as
high arched palate, in patients he considered as having
“adolescent insanity.” Early twentieth-century neuropathologists such as Southard observed brain changes in
schizophrenia that were attributed to developmental deviations (Casanova 1995). Bender (1953) and subsequently Fish and Hagin (1972) argued that schizophrenia
might reflect a developmental “encephalopathy.”

Over the past two decades, at least three developmental formulations have been proposed: those that posit altered pre- or perinatal brain development, those proposing peri-adolescent developmental abnormalities, and
those that argue for progressive neuroregressive processes
after illness onset. In this chapter, we review and attempt
to integrate these models. We first examine whether the
clinical manifestations of schizophrenia reflect a neurodevelopmental diathesis. Second, we examine where in the
brain—in other words, which neuronal structures or networks may explain the developmental manifestations of
the illness. Third, we address what the microscopic and
neurochemical underpinnings of the developmental brain
changes are. Fourth, we examine when during development the disease related processes might begin. Fifth, we
review the question of why they occur—in other words,
the etiology of brain developmental alterations, with reference to the genetic and environmental determinants of
the illness and their interaction. Finally, we develop a po-
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tential integrative model of this illness and outline future
directions of research.

DOES DISORDERED BRAIN
DEVELOPMENT MEDIATE
SCHIZOPHRENIA?
Although a large literature has accumulated pertaining to
abnormalities in brain development in schizophrenia, the
evidence thus far has remained circumstantial. The strongest, albeit indirect, evidence of disordered neurodevelopment stems from observations of premorbid behavioral, neurocognitive, and minor physical anomalies as
well as evidence of risk factors leading to brain adversity
before the clinical manifestations of the illness. These factors include subtle impairments in general intellectual
ability as well as selective deficits in a variety of cognitive
functions known to characterize schizophrenia (i.e., attention and executive functions, psychomotor abilities,
language, and memory). Minor physical anomalies, indicating disordered early development, are also seen. These
data have emerged from prospective general population
cohort studies, studies of persons with increased risk for
schizophrenia (“high-risk” studies) (Keshavan 2004), and
studies of previously collected data on individuals with
already manifest illness (archival-observational studies)
(Walker et al. 1994).
Working memory—the ability to maintain memories
temporarily online to permit further cognitive processing
(Goldman-Rakic 1999)—is thought to rely on the tonic
activity of neurons in the prefrontal cortex (Leung et al.
2002). Schizophrenia is marked by impaired spatial and
verbal working memory (Goldman-Rakic 1999), suggesting that this cognitive domain may be compromised in individuals early in the illness as well as in those at risk for
the illness. Several studies have demonstrated that firstepisode schizophrenia patients show impairments in spatial and verbal working memory (maintaining spatial or
verbal information online) compared with healthy control
subjects (Elvevag and Goldberg 2000).
Impairments in attentional processing and executive
function have also been observed in high-risk offspring of
schizophrenia patients (Cornblatt et al. 1999). Firstdegree relatives have decreased speed of performance on
the Stroop color-naming task and the Wisconsin Card
Sorting Test, which are measures of executive function; the
performance of relatives is in general intermediate between that of healthy control subjects and schizophrenia
patients. Deficits in performance have also been observed
in tasks in which decisions must be based on contextual

information. In such continuous performance tasks (e.g.,
the “AX” version of the Continuous Performance Test
[AX-CPT]), subjects must respond to targets in a sequence
only if they are preceded by particular items (e.g., A followed by an X) but not others. As with first-episode and
chronic schizophrenia patients, first-degree relatives show
processing deficits in such tasks (MacDonald et al. 2003).
Attentional impairment is trait related, stable over time,
and related to genetic vulnerability (Michie et al. 2000).
Archival observational studies (Walker et al. 1994), as
well as population cohort studies (Rosso et al. 2000a),
point to an association between motor coordination problems and/or delayed motor milestones and later schizophrenia. Fish (1984) originally observed neuromotor deviations in about a half of the offspring subjects in her infant
and children study, a pattern she termed pandysmaturation.
Similar neuromotor dysfunctions have been observed in
other studies (Erlenmeyer-Kimling 2000) and may predict
affective flattening in adolescence (Dworkin et al. 1993).
Other premorbid impairments involve memory and
language difficulties. Short-term verbal memory was impaired in 83% of offspring who later developed schizophrenia in the New York High-Risk Project (NYHRP) study
(Erlenmeyer-Kimling 2000), showing a high sensitivity but
with relatively high false-positive rates (28%). By contrast,
attentional impairments had lower sensitivity (58%) and
lower false-positive rates (18%). Premorbid language impairments, including decreased speech intelligibility, have
been observed in population cohort studies (Bearden et al.
2000). The presence of receptive language difficulties appears to be associated with a significant increase in risk for
later schizophrenia (M. Cannon et al. 2002).
Minor physical anomalies (MPAs), such as malformations of the ear and palate and facial dysmorphology, may
provide important clues to understanding schizophrenia
spectrum disorders from a neurodevelopmental perspective. Such anomalies reflect possible irregularities in the development of the ectoderm and may give clues to the timing of the pathology. Offspring of schizophrenia parents
with a high number of minor physical anomalies have been
found to develop schizophrenia spectrum disorders more
often than other psychopathology (Dworkin et al. 1993). In
the Edinburgh High-Risk Study, MPAs were elevated in
the high-risk subjects compared with control subjects but
did not predict psychotic symptoms (Lawrie et al. 2001).
In summary, premorbid clinical and neurobehavioral
data point to developmental brain pathology in schizophrenia. However, such data do not tell where in the brain
such pathology might emerge. Answers to such questions
need to be derived from careful in vivo imaging and electrophysiological and neuropathological studies, as is discussed in the following sections.
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WHERE IN THE BRAIN ARE THE
DEVELOPMENTAL ABNORMALITIES
THAT UNDERLIE SCHIZOPHRENIA?
The generalized nature of the premorbid alterations,
which is reviewed in the preceding section, has suggested
that schizophrenia may not be characterized by a focal
“lesion” but could more likely be associated with widespread corticocortical disconnection. The neurocognitive
deficits, such as working memory, language, and executive
processing deficits, identified in patients may reflect disordered connectivity in the heteromodal association cortices. However, critical regions of the brain such as the
prefrontal cortex may be particularly vulnerable to abnormal neurodevelopment in schizophrenia (Lewis 1997;
Weinberger et al. 2001). Over the past two decades neuroimaging techniques have been valuable in characterizing the structural and functional neuroanatomy of these
neuronal network abnormalities.
The development and application of in vivo neuroimaging techniques have helped identify regions of morphometric changes in schizophrenia that are consistent with
the pathophysiological alterations mentioned previously.
Studies of first-episode schizophrenia patients compared
with age-matched healthy control subjects have reported
significant reductions in gray matter volume in the heteromodal association cortex, thalamus, cerebellum, and basal
ganglia (McCarley et al. 1999; Shenton et al. 2001). These
findings suggest that brain structural alterations are present early in the illness and potentially may precede its
clinical manifestations.
Assessing volumetric abnormalities in individuals at
risk for schizophrenia assumes particular importance,
given that magnetic resonance imaging (MRI) measurements of brain volume are sensitive to normal development (Giedd et al. 1999). Several studies have assessed
first-degree relative samples in an attempt to identify premorbid structural alterations in brain morphometry. These
studies have uncovered gray matter reductions in structures such as the prefrontal cortex, temporal cortex (e.g.,
amygdala and hippocampi), and thalamus. Other findings
include ventricular enlargement, lack of cerebral asymmetry, and reductions in whole-brain white matter
volume (Lawrie 2004). These anatomic alterations are
generally located in brain areas that subserve cognitive
domains such as spatial and verbal working memory, executive function, and language (Mesulam 1998); these are
the domains in which relatives appear to show cognitive
impairment. Clearly, structural neuroimaging studies
converge to suggest that risk for and abnormalities in

schizophrenia may partly result from prolonged abnormal
neurodevelopmental processes that precede the onset of
psychosis (Keshavan 1997).
Functional MRI (fMRI) studies allow us to glean insights into the functional neuroanatomy of developmental
brain changes underlying schizophrenia. fMRI studies in
first-episode patients suggest significant impairments in
prefrontal function, termed hypofrontality (Andreasen et al.
1977; Barch et al. 2001). Few fMRI studies exist in the child
and adolescent high-risk population, and therefore the
functional correlates of these cognitive abnormalities have
not been well identified. Preliminary studies have indicated
differences in fMRI-measured activation in the prefrontal
cortex during spatial working memory (Keshavan et al.
2002). Similar functional alterations are also seen in adult
nonpsychotic relatives (Callicott et al. 2003). However,
demonstrations of hypo- or hyperactivation in schizophrenia remain difficult to interpret (Manoach 2003).
In summary, available evidence indicates that premorbid abnormalities in brain development might lead to anatomical and physiological alterations in widely distributed cortical and subcortical networks. An understanding
of the microstructural and neurochemical underpinnings
of such deficits is critical for our efforts to determine the
causative factors that determine their emergence.

WHAT NEURODEVELOPMENTAL
ALTERATIONS OCCUR AT THE
MICROSCOPIC AND MOLECULAR
LEVELS?
As discussed previously, studies of first-episode schizophrenia patients and of young at-risk relatives have revealed significant abnormalities in brain structure and
function before illness onset and thus may reflect a primary disease process. Such brain changes in schizophrenia may reflect several neuropathological processes, including neuronal and glial cell abnormalities, synaptic
dysfunction, and cellular disarray (Cho et al. 2003), and may
lead to neurochemical alterations underlying the emergence of psychopathology.

NEUROPATHOLOGY
Postmortem studies have reported a 5%–10% reduction
in cortical thickness in the dorsal prefrontal cortex of subjects with schizophrenia (Harrison and Lewis 2001). Interestingly, the “cortical thinning” in schizophrenia corresponds with an increase in cell packing density but no
change in total neuron number. The increase in cell pack-
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ing density may reflect a decrease in the number of axon
terminals, distal dendrites, and dendritic spines that represent the principal components of cortical synapses. A
reduction in neuronal size may also contribute to the findings of reduced cortical thickness (Pierri et al. 2001; Rajkowska et al. 1998).
Abnormalities in specific neuronal subtypes, such as
the reduction in pyramidal neuron size in the cortex of
patients with schizophrenia, may result from aberrant
thalamocortical projections that arise during development. The reduction in somal size, as well as the decreased dendritic spine density reported in several studies
of schizophrenic brains (Pierri et al. 2001; Rajkowska et al.
1998), may be explained by a loss of afferent inputs to the
cortex. Abnormalities in cortical inhibitory neurons in
schizophrenia may contribute to aberrant thalamocortical
connectivity in individuals with schizophrenia (Harrison
and Lewis 2001).
Recently, glial cells have been recognized as essential
components of information processing and synaptic integration. Historically, the absence of gliosis in schizophrenia was considered supportive of an early neurodevelopmental origin of the illness and as evidence against a
neurodegenerative process. However, the developmental
onset of the glial response remains to be understood and
therefore cannot be used to estimate the timing of brain
alterations in schizophrenia (Lewis and Levitt 2002). Furthermore, because neuronal injury and apoptosis do not
always result in gliosis, the absence of gliosis does not rule
out a neurodegenerative process (Cho et al. 2003). Interestingly, evidence of reduced numbers of glial cells in the
orbitofrontal cortex, anterior cingulate, and primary motor cortices may reflect regionally specific glial cell abnormalities in schizophrenia (Benes et al. 1986, 1991; Cotter
et al. 2001; Rajkowska et al. 1999). Continued studies of
glial cell function and the role of these cells during development may reveal a more pivotal role in schizophrenia
and neurodevelopmental theories of schizophrenia.
Studies reporting disordered arrangements of neurons
in schizophrenia brains suggest that neuronal disarray
may be associated with the development of this illness.
Normal neuronal arrangement and cortical development
require several processes, including subplate formation,
neuronal migration toward cortical layer formation, and
neuronal orientation. Disordered subplate neurons in
cortical and temporal lobes in schizophrenic patients and
in a subset of schizophrenic patients have been reported
(Akbarian et al. 1993, 1996). Other reports of abnormal
neuronal distribution in entorhinal regions of schizophrenic patients may suggest that a process of aberrant
neuronal migration occurs during development in schizophrenia (Falkai et al. 2000).

Evidence suggestive of neurobiological abnormalities
in schizophrenia may reflect insults and disturbances that
occur throughout early and late neurodevelopment. Although there are clear cortical disturbances in patients
with schizophrenia, evident on both a macroscopic and
microscopic level, their influence on phenotypic features
of the illness, and the timing of these insults remain to be
clearly elucidated.

NEUROTRANSMITTER MECHANISMS
Although the classical dopaminergic theory has long held
center stage in neurochemical theories of schizophrenia,
considerable evidence of dysfunctional glutamatergic and
γ-aminobutyric acid (GABA) systems in this illness has
emerged over the past two decades. These neurotransmitters play vital roles in early brain development, postnatal
plasticity, and brain degeneration. Attempts at effective
treatments for schizophrenia frequently target these specific systems. Therefore, these neurotransmitters are
good candidates to be considered in neurodevelopmental
theories of schizophrenia.
Accumulating evidence over the past decade has challenged prior hypotheses of dopaminergic system hyperfunction in schizophrenia (Lewis and Lieberman 2000). A
greater understanding of more complex interactions of
the dopaminergic system with other neurotransmitter
systems, variable dopamine (DA) regulation in different
brain regions, and multiple DA receptor types has led to
a more complex and broader understanding of DA’s role
in schizophrenia. In his 1987 landmark paper, Weinberger proposed that schizophrenia may be related to deficits in the mesocortical dopaminergic system, leading to
mesolimbic dopaminergic system overactivity (Weinberger 1987). Grace (1991) proposed a deficit in tonic DA
drive and an exaggeration of the phasic DA release in
response to stress. Several studies have revealed neurobiological alterations related to dopaminergic neurotransmission that support its dysregulation underlying
disordered development of schizophrenia. For example,
positron emission tomography studies of patients with
schizophrenia have revealed aberrant presynaptic storage,
release, reuptake, and metabolic mechanisms in dopaminergic mesolimbic systems (Laruelle 2000). Recent reports
of reduced density of cortical DA axons and specific DA
regulatory proteins, as well as cortical dopamine D1 receptor upregulation may both reflect and contribute to
working memory deficits, a common feature of schizophrenia (Abi-Dargham et al. 2002; Akil et al. 1999; Albert
et al. 2002; Goldman-Rakic 1994).
Glutamate, the predominant excitatory neurotransmitter in the mammalian brain, is critical for neuronal mi-

73

Neurodevelopmental Theories
gration and neuronal survival during early development,
for neuronal plasticity during adolescence, and for neuronal excitability and viability throughout life. Glutamate
is therefore well positioned as a potential candidate for a
pathophysiological role in a disorder such as schizophrenia
in which processes of development, neuronal regulation,
and neurotoxicity may all be involved. The glutamatergic
hypothesis of schizophrenia arose from observations of
similarities between the clinical manifestations of schizophrenia and psychosis caused by phencyclidine, an Nmethyl-D-asparate (NMDA) receptor antagonist (Coyle
1996; Javitt and Zukin 1991; Tamminga 1998), and reductions in cerebrospinal fluid glutamate levels (Kim et al.
1980). This model has been supported by observations of
altered glutamate metabolism in schizophrenia (Tsai and
Coyle 1995) and altered gene expression for NMDA receptor subunits (Akbarian et al. 1996).
The observations of psychotic symptoms resulting
from drugs affecting serotonergic systems, such as lysergic acid diethylamide (LSD) and psilocybin, suggest involvement of this neurotransmitter in schizophrenia. Alterations in binding properties of serotonin (5-HT) and
mutations in 5-HT–related genes have been variably reported. Though on balance there is relatively little direct
evidence for the serotonergic hypothesis, the therapeutic
role of 5-HT–DA antagonists in the past decade has rekindled a possible etiopathogenic role for 5-HT.
GABA, the major inhibitory neurotransmitter in the
central nervous system, has also been implicated in
schizophrenia. Postmortem observations of decreased expression of glutamic acid decarboxylase (an enzyme involved in GABA synthesis) in cortical brain regions (Volk
et al. 2000) suggest involvement of this neurotransmitter
in the pathophysiology of schizophrenia. These findings
are consistent with the findings of GABA A receptor upregulation in frontolimbic regions (Benes et al. 1996).
GABAergic neurons, which are largely interneurons, are
thought to be critical for regulating pyramidal cell activity
and may play an important role in cognitive operations.
The role of GABA in schizophrenia has also been of interest in relation to expression of reelin, an extracellular
matrix protein. Reelin-deficient animals have been used as
an animal model for schizophrenia (Costa et al. 2001). Abnormalities in cortical GABA and pyramidal neurons have
been described in both schizophrenic brains as well as in
reelin-deficient rodent brains (Liu et al. 2001).

transduction. Several in vivo imaging techniques, such as
magnetic resonance spectroscopy (MRS), allow for the investigation of abnormal membrane physiology and neurochemistry in psychiatric illness and in at-risk populations. Physiological events in neurodevelopment, such as
neuritic sprouting and neuronal membrane loss, are expressed by changes in concentration of MRS-measurable
metabolites, such as phosphomonoesters (PMEs) and phosphodiesters (PDE), among others (Pettegrew et al. 1993;
Stanley 2002). Higher free-PME levels are observed at
the time and site of neuritic sprouting, and higher freePDE levels are observed at the site and time of neuronal
membrane breakdown. Reported reductions in PME levels in the prefrontal cortex of young relatives of schizophrenia patients (Keshavan et al. 2003) reflect a possible
reduction in neuritic sprouting. A reduction in the ratio of
PME to PDE in the same population may reflect an alteration in the membrane phospholipid turnover (Keshavan
et al. 2003; Klemm et al. 2001); increases in PDE levels
have also been observed (Rzanny et al. 2003).
Proton MRS studies can quantify levels of N-acetyl aspartate (NAA), which is considered to be a general marker
of neuronal integrity. Alterations in the estimated concentrations of these metabolites in patient or at-risk populations are suggestive of premorbid physiologic abnormalities. Emerging studies have documented reductions in
this metabolite in young relatives of patients, and the directions of these alterations are consistent with those observed in individuals with schizophrenia. Reductions in
NAA (expressed as NAA:choline ratios) in the anterior
cingulate have been observed in offspring of patients
(Keshavan et al. 1997). NAA:creatine ratio reductions in
the hippocampus have also been observed in adult relatives (Callicott et al. 1998).
Taken together, in vivo and postmortem neuropathological studies suggest microstuctural and neurochemical
alterations that may predate illness onset and may reflect
aberrant brain maturational processes. Alterations in the
glutamatergic, GABAergic, and dopaminergic systems
may be developmentally mediated and precede illness
onset. Given the typical onset of illness during adolescence
or early adulthood, the questions of when such abnormalities begin and how they evolve over time assume importance.

MEMBRANE AND NEURONAL INTEGRITY

WHEN MIGHT ABNORMAL BRAIN
DEVELOPMENT BEGIN?

The integrity of neuronal cell membranes, largely comprising phospholipids, is critical for optimum functioning
of neurotransmitter receptors, ion channels, and signal

An understanding of the clinical facts of schizophrenia can
help us identify potential “windows” into the timing of
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developmental pathophysiology in this illness (Wyatt et
al. 1988). Certain clinical observations consistently characterize the course of schizophrenia: 1) premorbid deficits, discussed previously that date back to early development in many cases (Done et al. 1994; Jones and Cannon
1998); 2) characteristic onset in adolescence (Hafner et al.
1993); 3) deterioration during the early course of schizophrenia, at least in a subgroup of patients (McGlashan and
Fenton 1993). These observations have led to three proposed models for the timing of pathophysiological processes in schizophrenia.

THE EARLY DEVELOPMENTAL MODEL
The observed premorbid brain abnormalities in schizophrenia primarily point to one or several causal factors
intra- or perinatally, perhaps during the second half of gestation. In these “early” neurodevelopmental models (Murray and Lewis 1987; Weinberger 1987), a fixed lesion from
early life interacts with normal brain maturation occurring
later. This view is supported by neuropathological observations suggesting altered cytoarchitecture indicative of
possible errors in the early developmental phenomena of
neural genesis or migration in schizophrenia, and epidemiological data suggesting associations between early neurobehavioral deficits and subsequent emergence of schizophrenia, as discussed earlier.
If such an early developmental derailment occurs, it is
unlikely to involve the earliest steps of neurogenesis; defects of neural tube formation (i.e., midline cysts, spina bifida) are not associated with increased incidence of schizophrenia. Cell death by necrosis is also unlikely, because
necrosis is typically followed by glial proliferation, and reactive gliosis is not seen in schizophrenia (Kotrla et al.
1997). However, as discussed earlier, this issue is by no
means resolved. The processes of programmed cell death,
neural migration, and/or synaptic proliferation that begin
during the second trimester of pregnancy are more likely
to be involved. Regardless of the process involved, these
abnormalities can explain premorbid behavioral precursors of schizophrenia (Fish 1987; Watt 1978). However,
the “early” theory falls short of providing a complete explanation for the fact that the characteristic signs and
symptoms of schizophrenia do not begin till adolescence
or early adulthood.

brain biology during adolescence, Feinberg initially proposed that schizophrenia may result from an abnormality
in peri-adolescent synaptic pruning (Feinberg 1982–
1983, 1990). This model, however, did not clarify whether
too much, too little, or the wrong synapses were being
pruned.
Adolescence is characterized by substantive changes in
several in vivo neurobiological measures that may indirectly reflect changes in synapse density. Delta sleep,
which represents the summed postsynaptic potentials in
large assemblies of cortical and subcortical axons and dendrites, dramatically decreases during adolescence (Feinberg 1982–1983). Peri-adolescent reductions are also
seen in the synthesis of membrane phospholipids, as measured by phosphorus MRS studies (Pettegrew et al. 1991),
as well as in cortical gray matter volumes, as measured by
structural MRI (Jernigan and Tallal 1990). Furthermore,
regional prefrontal metabolism also decreases during
peri-adolescence (Chugani et al. 1987). In patients with
schizophrenia, relative to healthy control subjects, similar
but more pronounced decrements are seen in delta sleep
(Keshavan et al. 1998b), membrane synthesis (Pettegrew
et al. 1991), gray matter volume (Zipursky 1992), and prefrontal metabolism (Andreasen et al. 1992). These observations suggest indirectly the possibility of an exaggeration of the normative process of synaptic pruning in
certain brain regions such as prefrontal cortex in schizophrenia (Keshavan et al. 1994; Pettegrew et al. 1997).
Neural network modeling studies also support the view
that schizophrenia may be associated with synaptic or axonal pruning but not neuronal cell death (Hoffman and
McGlashan 1997; McGlashan and Hoffman 2000). Neuropathological studies show reduction in the synapse-rich
neuropil and a consequent increase in cortical neuron
density (Selemon et al. 1995); reductions have also been
reported in the expression of synaptophysin, a synaptic
marker (Eastwood and Harrison 1995; Glantz and Lewis
1997), and in the density of dendritic spines (Garey et al.
1994). These observations suggest an overall reduction of
cortical synapse-rich neuropil in schizophrenia, leading
to reduced neuronal plasticity. The net effect of these reductions may ultimately be manifested by a reduction of
neuronal modulatory capacity to handle the normative
academic, familial, and interpersonal demands of adolescence. When a critical threshold of such neuropil loss is exceeded, symptoms and signs of schizophrenia may appear.

THE LATE DEVELOPMENTAL MODEL
On the basis of the typical adolescent onset of schizophrenic illness, it has been proposed, alternatively, that
the pathophysiology of this disorder has its onset in postnatal life. From data indicating substantial changes in

THE POST-ILLNESS PROGRESSION MODEL
The “early” and “late” developmental models discussed
previously do not satisfactorily account for the observations that some, though not all, schizophrenia patients
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may have a deteriorating rather than static course, at least
during the first few years of their illness (Loebel et al.
1992; McGlashan and Fenton 1993). Patients appear to
take longer to recover and show less complete recovery
over successive episodes of this illness (Lieberman et al.
1996). Prolonged untreated illness predicts a poorer outcome, suggesting a possible “neurotoxic” effect of psychosis (Lieberman 1993). Progressive structural alterations
may be seen in the brains of schizophrenia patients in some
(DeLisi 1995; Keshavan et al. 1998a; Thompson et al.
2001), although some studies show no change (Jaskiw et al.
1994). Alterations in neurophysiological indices, such as
evoked-response potentials (P300), are also consistent
with ongoing cerebral degeneration in a significant subgroup of schizophrenia patients (Mathalon et al. 2000).
A potential mechanism for such progressive change is
that of neurochemical sensitization, which may result from
repeated exposure to neurochemical stressors (Lieberman
et al. 1997). Stimulants such as amphetamine and cocaine
only rarely produce psychosis in healthy humans during
acute administration, but intermittent administration appears to lead to paranoid forms of psychosis. Psychostimulants also display cross-sensitization (i.e., repeated administration leading to increased sensitivity to other drugs
or environmental stressors). Such sensitization is associated with increased stimulant-induced dopamine release
and appears to be a glutamate-dependent process with the
involvement of both NMDA and non-NMDA glutamate
receptors (Kalivas and Duffy 1995). There is also some evidence that genetic factors may influence the susceptibility
to stimulant sensitization. Furthermore, the view that
schizophrenia patients may have an enhanced dopaminergic sensitivity is supported by neuroimaging studies, reporting increased striatal amphetamine-induced dopamine release in patients (Laruelle et al. 1996). Glutamatergic
and GABAergic systems in cortico-thalamo-striatal circuits are integrated, with GABA providing the inhibitory
input and glutamate providing the excitory inputs; dopamine exerts an important modulatory effect on both of these
systems (Krystal et al. 1999). Thus, disturbances in any one
of the neurochemical systems may impart effects on all of
the systems under consideration.
The three views of the timing of schizophrenia pathogenesis, although they may seem conflicting, may not
necessarily be mutually exclusive. It may be that an early
brain maturational derailment predisposes the individual
to a later developmental aberrance and perhaps to postillness neurotoxic processes. Accordingly, a “three-hit”
model has been proposed (Keshavan 1999). The precise
etiological mechanisms that might lead to the emergence
(or otherwise) of such a cascade of pathogenesis remain to
be determined and will be discussed in the next section.

WHY MIGHT BRAIN DEVELOPMENT
BE DERAILED?
As is the case with other common disorders in medicine,
such as coronary artery disease and diabetes, schizophrenia is best viewed as a complex disorder with multiple, interactive etiological factors. It is likely that several genetic
susceptibility loci and a variety of environmental factors
are involved.

GENETIC FACTORS
Although the specific mechanisms of genetic susceptibility in schizophrenia remain to be elucidated, inheritance
clearly contributes to the etiopathogenesis of the disorder.
Risk for schizophrenia increases with the percentage of
shared genes (Gottesman 1991). Schizophrenia occurs in
approximately 2% of third-degree relatives, in 2%–6% of
second-degree relatives, and in 6%–17% of the firstdegree relatives of an affected individual. Twin studies
estimate that if one twin is affected, the risk of schizophrenia in the unaffected twin is approximately 17% for dizygotic twins and approaches 50% for monozygotic twins
(Cardno and Gottesman 2000). Interestingly, adoption
studies have demonstrated that shared environmental factors do not account for the familial features of schizophrenia (Lewis and Levitt 2002). Thus, neither genetic liability nor nongenetic factors alone can account for the
clinical manifestations of the disorder.
Despite overwhelming evidence of a genetic etiological component, specific susceptibility genes remain to be
identified in schizophrenia. Several chromosomal loci
have been found to be associated with schizophrenia; the
genetic liability appears to be transmitted in a polygenic,
non-Mendelian pattern. These potential “candidate genes,”
interacting with environmental stressors, may play important roles in the development of schizophrenia. Genes involved in normal development as well as in other neurodevelopmental disorders have been of particular interest.
The phenotype of all neurons is controlled by a specific
set of genes expressed within the cell, contributing to
functional specialization. The influence of individual
transcription factors may be carried through multiple cell
divisions and persist beyond the growth of a specific cell
lineage. The coordinated boundaries of expression of
these factors may dictate morphological boundaries and
impart organization to the adult brain. Gene expression
contributes to several domains of neural development, including cellular segmentation, adhesion, and survival. Recent studies have focused attention on the genes that coordinate these specific biological activities, contributing
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to neuronal connectivity and advanced cognitive function.
A better understanding of their function and impact on
neurodevelopment has allowed for their consideration in
the development of neuropsychiatric disorders such as
schizophrenia.
Several functional areas of neurodevelopment have
emerged as important sites in the search for schizophrenia
candidate genes. Transcriptional regulatory proteins influence cell migration and differentiation and have become
an important area of research in schizophrenia. Cell adhesion molecules (CAMs) play an important role in morphogenesis, differentiation, and migration of neurons as well
as the regulation of axonal growth in the developing brain
(Klempan et al. 2004). Further, studies suggest that CAMs
may influence learning and memory and brain development in response to environmental stimuli (Fields and Itoh
1996). Neurotrophins, important molecular regulators of
neuronal survival and differentiation (Thoenen 1995), are
of great interest both in expression studies and in molecular association and linkage studies. Alterations in brainderived neurotrophic factor (BDNF) have been reported
in postmortem studies of patients with schizophrenia;
these findings, as well as recent evidence of a relationship
between a BDNF polymorphism and episodic memory
deficits, support BDNF as a putative schizophrenia susceptibility factor (Egan et al. 2003; Muglia et al. 2003) .
There is accumulating evidence of a relationship between schizophrenia susceptibility and allelic variations in
genes whose protein products may contribute to the regulation of neurotransmission and synaptic activity (see
Chapter 3, “Genetics”). A number of convincing susceptibility genes have recently been identified in schizophrenia. Several lines of evidence suggest that allelic variations
in catechol-O-methyltransferase (COMT), a major enzyme involved in dopamine degradation, may contribute
to the liability to schizophrenia (Riley and McGuffin
2000). Genetic association and microarray studies have
reported that the gene for RGS4 (regulator of G-protein
signaling 4), a member of the family of regulators of
G-protein signaling proteins, is another strong schizophrenia susceptibility candidate, particularly in light of
its importance in neurotransmission and cellular signaling (Lewis and Levitt 2002). RGS4 negatively regulates G-protein signaling, in particular the mGlu5
(metabotropic glutamate receptor 5) receptor, which is
colocalized with and stimulates NMDA receptor function. Significant associations between variations in the
gene for DTNBP1 (dystrobrevin-binding protein 1, or
dysbindin) and schizophrenia and related phenotypes recently have been reported (Straub et al. 2002). Dysbindin
regulates nitric oxide synthase, which in turn affects
NMDA receptor function (Moghaddam 2002). Dysbin-

din’s role in both synaptic activity and GABA receptor
modulation makes it a strong candidate as a susceptibility
locus that may influence the risk of schizophrenia. Another gene associated with neurotransmission (in this
case, glutamate receptor activity), NRG1 (neuregulin 1), has
also been identified as a strong candidate gene for schizophrenia (Stefansson et al. 2002).
Although these genes may subserve some other functions as well, they share in common their effects on neurotransmitter function, notably glutamate, GABA, and
dopamine. It has also been suggested that impaired cortical glutamate neurotransmission can predispose to pathologically enhanced, stress-activated, monoaminergic neurotransmission leading to psychosis (Billingslea et al.
2003; Moghaddam 2002). Thus, diverse genetic factors
might interact with environmental factors to result in a
common phenotypic manifestation of schizophrenia. It is
possible that together these candidate genes may induce
schizophrenia susceptibility through common neurochemical pathways or that a combination of allelic variations in each of these genes contributes liability for different phenotypic features of the illness. The altered
patterns of gene expression may be influenced by environmental events occurring during sensitive periods of neurodevelopment, such as the prenatal, perinatal, and adolescence time frames (Lewis and Levitt 2002).

ENVIRONMENTAL RISK FACTORS
Studies of monozygotic twins showing phenotypic discordance have generally been interpreted as supporting the
role of environmental factors. Longitudinal studies of
general population samples have revealed a wealth of information on developmental risk factors for early brain
adversity in schizophrenia. Case–control and large-scale
epidemiological data point to an increased frequency of
obstetric and perinatal complications (Cannon et al. 2000;
Dalman et al. 1999; Rosso et al. 2000b). Population-based
cohort studies have also revealed valuable information
about other potential etiological variables. The north Finland birth cohort (Rantakallio et al. 1997) and the U.K.
National Child Development Study (Leask et al. 2002) revealed associations between childhood infections and
later schizophrenia. Risk for schizophrenia has been associated in birth cohort studies with urban place of birth
(Harrison and Owen 2003), migration (Cantor-Graae et
al. 2003), paternal age (Brown et al. 2002), birth order
(Kemppainen et al. 2001), exposure to prenatal rubella
(Brown et al. 2001), and low maternal and birth weights
(Wahlbeck et al. 2001). It has been suggested that risk factors occurring during the second or third trimester of
pregnancy may be particularly associated with the suscep-
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tibility to schizophrenia. Later, biological environmental
factors such as substance abuse have been implicated in
contributing to schizophrenia risk. Although the role of
psychosocial stress is still entertained, little evidence now
exists for a causative role by psychodynamic factors.

EPIGENETIC FACTORS
The sequential emergence of biological and psychopathological manifestations of schizophrenia during the protracted period of postnatal development suggests that
genetic as well as epigenetic factors must be considered.
Genetic research in psychiatry has been dominated by a
preoccupation with finding DNA sequence variation among
causes of schizophrenia. However, recent interest has
focused on the role of variation in DNA expression (epigenetics) during development (Petronis 2001). The differentiation of ectoderm into neurons and keratocytes
involves epigenetic factors influencing pluripotent and
undifferentiated embryonic cells to become highly specialized (Holliday 1994; Slack 2002). During embryonic
development, the genome is subjected to major changes in
epigenetic regulation (Reik et al. 2001). Studies using
gene knockout mice have revealed that alterations in genes
encoding epigenetic regulators may result in developmental defects. In human studies, mutations of MECP2,
a methyl CpG-binding protein involved in DNA and
chromatin modification, have been found to contribute
to Rett’s syndrome, a neurodevelopmental disorder (Van
den Veyver and Zoghbi 2001). Epigenetic inactivation of
FMR1 (fragile X mental retardation-1) has been described
as an important etiopathogenic factor in the development
of fragile X syndrome, with evidence of abnormal synaptic
plasticity in both human studies and FMR1 knockout
mice studies (El-Osta 2002).
Evidence of a relationship between epigenetic dysregulation and teratogenic effects during embryogenesis may
better inform our understanding of gene-environment
effects on neurodevelopment. For example, the teratogen
valproic acid likely induces developmental defects
through its epigenetic effects on histones (Phiel et al.
2001). An epigenetic role in the development of schizophrenia may explain the 50% discordance rates of
monozygotic twins. Although the twins contain the same
DNA sequence in the majority of somatic cells, epigenetic
differences may accumulate over cell divisions throughout
development. Potential differences in epigenetic regulation of candidate genes could result in the phenotypic expression of the disorder in only one twin (Torrey et al.
1999).
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TOWARD AN INTEGRATION: A
UNITARY GENETIC-DEVELOPMENTAL
PERSPECTIVE
It is clear from the previous discussion that any one deterministic model is unlikely to explain the complex syndrome of schizophrenia. The schizophrenia syndrome is
better understood as resulting from the cumulative effects
of genetic and environmental factors unfolding during
critical periods of development (Figure 5–1). The premorbid vulnerability to schizophrenia may be caused by
multiple genetic and environmental factors interacting to
affect early brain development. The adolescent onset of
the disorder may be determined by late brain maturational processes as well as the stressors unique to adolescence. The interaction between genetic and environmental influences in determining the onset of schizophrenia
was conceptualized by Waddington (1957) in the “canalization” model. In this model, normal development over
time is represented by a ball traveling on a groove or valley
initially specified by the genome on a model surface. Multiple causative factors, including genetic influences and
environmental factors, may lead development to progress
(or “canalize”) along trajectories that cross thresholds for
expression of psychopathology. Genetic and environmental risk factors early in life may influence the direction of
the developmental trajectory. The slopes of the valley may
be shallow early in life so that the trajectory can be pushed
beyond the threshold for psychopathology even with mild
degrees of adverse risk factors. The valley might get
steeper later as development continues and plasticity
diminishes, leading either to resilience and normalcy or to
persistent psychopathology (Grossman et al. 2003; Woolf
1997).
The canals in which development proceeds are also
determined by the complex epigenetic “landscape” as discussed previously. Epigenetic effects on the developing
brain may be inherited through the germline, secondary
to environmental factors, and may also be random events.
Epigenetic effects may result in varying degrees of morphological and functional brain changes during development. The temporal delay of schizophrenia onset may result from a combination of inherited and acquired
epimutations. The impact of epigenetic effects may remain below the threshold of phenotypic expression until
1) the effects are unmasked via completion of normal or
accelerated neurodevelopmental processes such as synaptic pruning, and/or 2) an inflation of environmental stressors triggers a “break.”
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An integrative model of schizophrenia.

The iterative interactions between the genome and the
“envirome” have cellular and molecular consequences. It is
likely that early brain developmental defects (e.g., neuromigrational errors or defective neuronal proliferation)
predispose to excessive postnatal synaptic pruning and/or
neuronal apoptosis leading to the schizophrenic endophenotype. Excitotoxic neuronal loss interacting with genetic
factors may result from early brain adversity (viruses, malnutrition, perinatal trauma), leading to selective loss of
NMDA receptor–bearing glutamatergic neurons in cortical and subcortical structures. This would account for the
premorbid neurocognitive abnormalities seen among children and adolescents at risk for schizophrenia. The normative synaptic pruning process that sets in around late
childhood and adolescence may interact with the state of
reduced tonic glutamatergic neurotransmission, perhaps
acting via NMDA receptors, to result in a net excess of
synapse elimination in the cortical and subcortical structures. The glutamatergic and possibly GABAergic dysfunctions might lead to dysregulation of the dopaminergic
system—a system that matures later, closer to adolescence.
This dysregulation could underlie the typical adolescent
onset of psychotic symptoms. The development of a defi-

cit state and of persistent psychopathology after illness onset may be determined by the possible neurotoxic effect of
continuing psychotic illness, perhaps as a result of progressive neurochemical sensitization.

CONCLUSION
From a unitary genetic-neurodevelopmental perspective,
schizophrenia likely results from genetically mediated
alterations in early and late maturational processes of
brain development, interacting with environmental factors and downstream epigenetic effects on molecular systems. Continued studies investigating gene–environment
and gene–gene interactions should significantly improve
our understanding of the complex genetic factors that
contribute to schizophrenia development. The creation
of unitary models, integrating genetic, environmental,
and developmental factors and exploring common themes
such as glutamatergic dysfunction, should prove useful in
elucidating the etiopathogenesis of this disorder. We need
models to simplify and analyze problems that are otherwise intractable. Neurodevelopmental models offer con-
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siderable explanatory power and point to several lines of
future research.
First, the strength of any explanatory model lies in its
ability to generate testable hypotheses, which can then be
examined using appropriate animal models. The developmental origins of schizophrenia can be examined by three
types of heuristic animal models (Lipska et al. 2003). The
first, the disrupted neurogenesis model, is exemplified by
the neonatal ventral hippocampal lesion model, which
was derived from early developmental lesion theories.
The second approach is to use pharmacological models in
a developmental perspective. Well-known pharmacological models, such as the NMDA receptor blockade in adult
animals (Moghaddam 2003), have only rarely used a developmental perspective. Early lesions in the glutamatergic system may inform investigation of the integrative
neurochemical models proposed in this chapter. A third
strategy involves conditional transgenic models that seek
to selectively reduce or enhance expression of genes involved in critical periods of development. An example of
such models is the heterozygous reeler mouse, which expresses 50% of the brain reeler content of the wild-type
mouse. This animal model expresses many neurobiological characteristics of the schizophrenia phenotype (Liu et
al. 2001). Other molecular targets for manipulation studies in animal models include genes involved in glutamatergic and dopaminergic neurotransmission that have
been recently identified as associated with schizophrenia.
The apparent multifactorial (multiple genes and environmental factors) etiology of schizophrenia makes such efforts extremely challenging.
Second, individuals at risk for schizophrenia, such as
young relatives of schizophrenia patients, offer an important opportunity to study the etiopathogenesis of the illness. The nature, timing, and causative factors underlying
neurodevelopmental deviations predisposing to schizophrenia may be related in prospective studies of this atrisk population. Noninvasive in vivo neuroimaging techniques such as proton MRS (Stanley et al. 2000) may be
able to address these questions. Using high-field magnets
(i.e., 3 Tesla or higher), it may be possible to reliably delineate the GABA, glutamate, and glutamine signals with
proton MRS. These approaches will also allow neurobiological prediction of the emergence of psychopathology
during the critical development phases of adolescence and
early adulthood as well as help us examine the neurobiology of transition from the premorbid to the prodrome and
then the psychotic phases of the schizophrenic illness.
Finally, an important test of the value of neurodevelopmental models is whether they can generate hypotheses
about novel preventive and therapeutic interventions. It is

clear from the above discussion that although schizophrenia begins in late adolescence or early adulthood, its seeds
are planted early. A long-term neurodevelopmental process occurs, eventually leading to deviant brain functioning. It is also evident that multiple and sequential etiological factors may interact and additively contribute to the
emergence of the illness. This view suggests that preventive treatments may be tailored to the evolutionary stage
of the disease process in individuals predisposed to the
disorder. An improved understanding and definition of
this target population is essential. The identification of
risk factors is critical for accurate selection of those individuals at risk who are most appropriate for preventive
treatment. Considerable ongoing research is currently
devoted to the identification and validation of such risk
factors.
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other systems, such as the γ-aminobutyric acid (GABA)–
ergic, serotonergic, cholinergic, and opioidergic systems,
also have been implicated.
The putative role of dopaminergic systems in the
pathophysiology and treatment of schizophrenia has been
the subject of intense research efforts over the last 50 years.
The first formulation of the DA hypothesis of schizophrenia proposed that hyperactivity of DA transmission was responsible for the positive symptoms observed in the disorder (Carlsson and Lindqvist 1963; van Rossum 1966). This
hypothesis was based on the recognition that antipsychotic
drugs were dopamine2 (D2) receptor antagonists (Carlsson
and Lindqvist 1963; Creese et al. 1976; Seeman and Lee
1975) and that DA-enhancing drugs were psychotogenic
(for review, see Angrist and van Kammen 1984; Lieberman
et al. 1987a). Because D2 receptors are expressed mainly in
the striatum, several investigators proposed that hyperactivity of dopaminergic systems in the limbic striatum was
associated with the emergence of psychosis (Matthysse

Schizophrenia is a severe and chronic mental illness (or
group of illnesses) with high prevalence (occurring in
about 0.5%–1% of the population). Symptoms of schizophrenia usually emerge during adolescence or early adulthood. Psychotic symptoms include hallucinations, typically auditory, and delusions, which frequently involve
persecution and/or megalomania. Psychotic symptoms
and severe thought disorganization are often grouped under the term positive symptoms. Deficit symptoms, also
commonly referred to as negative symptoms, manifest themselves in many dimensions, such as affect (affect flattening),
volition (apathy), speech (poverty), pleasure (anhedonia),
and social life (withdrawal).
The etiology and fundamental pathology of schizophrenia remain unclear, but a large body of evidence suggests that alterations in several neurotransmitter systems
are involved in the pathophysiological processes of the illness. Among these transmitters, dopamine (DA) and glutamate (GLU) have received the most attention, although
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1974; Snyder 1973; Stevens 1973). Because D2 receptor antagonists are most effective in treating positive symptoms,
the classical DA hypothesis of schizophrenia provided a putative base for the positive symptoms but failed to account
for the persistent negative and cognitive symptoms.
More recently, an increasing awareness of the importance of negative and cognitive symptoms in schizophrenia
and their resistance to D2 receptor antagonism has led to a
reformulation of the classical DA hypothesis. Functional
brain imaging studies suggested that these symptoms
might arise from altered function in the prefrontal cortex
(PFC) (for review, see Knable and Weinberger 1997). A
wealth of preclinical studies emerged documenting the importance of the prefrontal DA transmission at dopamine1
(D1) receptors (the main DA receptor in the neocortex) for
optimal cognitive functions subserved by the PFC (for review, see Goldman-Rakic et al. 2000). These observations
led to the hypothesis that a deficit in DA transmission at
the D1 receptors in the PFC might be implicated in the
cognitive impairments of schizophrenia (Davis et al. 1991;
Weinberger 1987). The coexistence of an imbalance between an excess of subcortical DA and a deficit of prefrontal DA in schizophrenia has emerged as the “revised” DA
hypothesis of schizophrenia (Davis et al. 1991).
Other than the DA theory, several lines of evidence
support the hypothesis that schizophrenia might be associated with a persistent dysfunction of GLU transmission
involving N-methyl-D-aspartate (NMDA) receptors (for
reviews, see Goff and Coyle 2001; Javitt and Zukin 1991;
Jentsch and Roth 1999; Olney and Farber 1995; Tamminga et al. 1995). This hypothesis stems essentially from
the recognition that exposure to drugs that impair NMDA
transmission induces, in healthy subjects, a constellation of
clinical and cognitive symptoms that mirrors the full spectrum of signs and systems of schizophrenia. Thus, as opposed to the classical DA hypothesis that accounts mostly
for positive symptoms, the NMDA hypothesis claims to
explain positive, negative, and cognitive symptoms.
Both the NMDA hypofunction and the DA imbalance
theories of schizophrenia have evolved for years as competing models, but more recent data suggest that both sets
of alterations might be intimately related. Preclinical and
clinical imaging data now show that an alteration in
NMDA transmission induces the DA endophenotype potentially associated with schizophrenia (excess stimulation
of subcortical D 2 receptors, insufficient stimulation of
cortical D1 receptors). Conversely, an increased understanding of the modulatory role of DA on GLU transmission has suggested a mechanism that might explain how
alterations of DA function in schizophrenia affect NMDA
transmission. Thus, the NMDA and DA models are evolving from competing to complementary theories.

In this chapter, we review the evidence supporting
both DA and GLU models of schizophrenia. Following
this review is a presentation of the salient features of the
interactions between these neurotransmitter systems that
provide avenues to bridge both DA and GLU theories
into one disease model.

DOPAMINE RECEPTORS
OVERVIEW OF DOPAMINE TRANSMISSION
Dopaminergic projections are divided among nigrostriatal, mesolimbic, and mesocortical systems (Lindvall and
Björklund 1983). The nigrostriatal system projects from
the substantia nigra to the dorsal striatum and is involved
in cognitive integration, habituation, sensorimotor coordination, and initiation of movement. The mesolimbic
system projects from the ventral tegmental area (VTA) to
limbic structures such as the ventral striatum, hippocampus, and amygdala. The mesocortical system projects
from the VTA to cortical regions. The mesolimbic and
the mesocortical systems are involved in the regulation of
motivation, attention, and reward (Mogenson et al. 1980).
DA receptors were originally classified into two types:
D1 receptors, which stimulate adenylate cyclase, and D2
receptors, which are neither coupled to nor inhibit this effector (Kebabian and Calne 1979). The advent of molecular biology techniques in the late 1980s enabled the cloning of these two receptors (Bunzow et al. 1988; Dearry et
al. 1990; Monsma et al. 1990; Zhou et al. 1990), as well as
three newer DA receptors—D3, D4, and D5 (Sokoloff et
al. 1990; Sunahara et al. 1991; Tiberi et al. 1991; Van Tol
et al. 1991). The pharmacological characterization of
these receptors indicated that D1 and D5 share similar
properties, whereas the pharmacological profiles of D3
and D4 are similar to that of D2. Therefore, the D1–D2
classification of the DA receptors has been elaborated on
to consist of a D1-like family (D1 and D5 receptors) and a
D2-like family (D2, D3, and D4 receptors) (for review, see
Missale et al. 1998; Palermo-Neto 1997).
DA receptors differ in their regional localization in
the human brain (for reviews, see Joyce and MeadorWoodruff 1997; Meador-Woodruff et al. 1996; Seeman
1992). D1 receptors show a widespread neocortical distribution, including the PFC, and are also present in high
concentration in the striatum. D5 receptors are concentrated in the hippocampus and the entorhinal cortex. D2
receptors are concentrated in the striatum, with low concentration in the medial temporal structures (hippocampus, entorhinal cortex, amygdala) and the thalamus. The
concentration of D2 receptors in the PFC is extremely
low. D3 receptors are present in the striatum, with a par-
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ticularly high concentration in the ventral striatum. D 4
receptors are present in the PFC and the hippocampus
but are undetected in the striatum.
Unlike the classically understood definition of the
“fast” transmitters such as GLU, DA does not directly
gate ion channels; rather, the stimulation of a G protein
linked to the DA receptor induces a cascade of intracellular signaling events that modify the response of the cell to
other transmitters. DA is neither “inhibitory” nor “excitatory.” DA action depends on the state of the neurons at the
time of the stimulation and the type of receptor involved
(Yang et al. 1999). In the striatum, DA modulates the response of the GABAergic medium spiny neurons to the
glutamatergic drive. In this structure, it has been proposed that DA is “reinforcing” (i.e., it augments the inhibition of neurons that are unstimulated and the excitatory
response of neurons that are excited) (Wickens 2000). In
this manner, DA acts to gate glutamatergic inputs by increasing their signal-to-noise ratio. In the PFC, DA modulates pyramidal cell excitability, both directly and through
GABAergic interneurons (Mrzljak et al. 1996; Smiley et
al. 1994; Yang et al. 1999). Here again, it has been proposed that DA increases the signal-to-noise ratio of glutamatergic afferents (i.e., augmenting the response of neurons stimulated by GLU and silencing the neurons not
stimulated by GLU) (Seamans et al. 2001b).

EVIDENCE SUPPORTING INCREASED DOPAMINE
ACTIVITY AT STRIATAL D2 RECEPTORS
Pharmacological Evidence
The psychotogenic
effect of amphetamine and other DA-enhancing drugs
such as methylphenidate and L-dopa is a cornerstone of
the classical DA hypothesis of schizophrenia. Two sets of
observations are relevant to this issue. First, repeated
exposure to high doses of psychostimulants in nonschizophrenic subjects might gradually induce paranoid psychosis. This well-documented observation shows that sustained increase in DA activity is psychotogenic. Second,
low doses of psychostimulants that are not psychotogenic
in healthy subjects might induce or worsen psychotic
symptoms in patients with schizophrenia. This observation indicates that patients with schizophrenia have an
increased vulnerability to the psychotogenic effects of
DA-enhancing drugs.

Aversive pharmacological effects.

Amphetamine-induced psychosis in nonschizophrenic subjects. Although mentioned in 1938 (Young
and Scoville 1938), amphetamine-induced psychosis was
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not clearly recognized as a possible consequence of chronic
amphetamine use until 1958, when a 42-case monograph
by Connell (1958) was published. In this monograph,
Connell provided the “classical” definition of amphetamine
psychosis as “a paranoid psychosis with ideas of references, delusions of persecution, auditory and visual hallucinations in the setting of a clear sensorium” and concluded
that “the mental picture may be indistinguishable from
acute or chronic paranoid schizophrenia.”
In the early 1970s, several studies experimentally induced amphetamine psychosis in nonschizophrenic amphetamine abusers to better document the clinical pattern
of this syndrome (Angrist and Gershon 1970; Bell 1973;
Griffith et al. 1968). These experiments formally established that sustained psychostimulant exposure can produce paranoid psychosis in nonschizophrenic individuals.
This reaction does not occur in the context of a delirium
because subjects maintain a clear sensorium during the
episode and are able to recollect the episode after its resolution. Because these studies were performed before the
conceptualization of the symptoms of schizophrenia into
positive and negative (Crow 1980), they did not formally
assess negative symptoms. These articles included only
anecdotal reports of emotional blunting, withdrawal, or
alogia, thereby suggesting that sustained and excessive
stimulation of DA systems does not consistently induce
what are now defined as the “negative” symptoms of schizophrenia.
Ellinwood (1967; Ellinwood et al. 1973) provided one
of the most insightful descriptions of amphetamineinduced psychosis by conceptualizing the condition as a
continuum that evolves from the gradual onset of paranoid tendencies to delusional paranoia. The first step is
characterized by stimulation of interpretative mental activities (great attention to details, intense feeling of curiosity, repetitive searching and sorting behavior). Ellinwood saw in Sherlock Holmes, a regular cocaine user, a
prototypical example of the endless search for meanings
(“my mind rebels at stagnation”). With increased exposure,
these paranoid tendencies and interests for the minutiae
develop into an intermediate stage, which is characterized
by marked enhancement of perceptual acuity, sustained
“pleasurable” suspiciousness, and compulsive probing behavior. Finally, this inquisitive behavior is reversed and
projected to others (persecution), leading to paranoia and
ideas of references. The “enhancement of sensitive acuity” develops into hallucinations, initially auditory and
then visual and tactile. The sensorium remains clear until
toxic delirium is reached. Thought disorders might manifest toward the end of the continuum near the toxic stage.
Kapur (2003) recently reformulated and modernized the
Ellinwood “Sherlock Holmes” theory by defining schizo-
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phrenia psychosis as a state of “aberrant salience,” in which
abnormal importance and meaning are assigned to elements of an individual’s experience.
Another important property of psychostimulants is
their ability to induce reverse tolerance or “sensitization”
(Kalivas et al. 1993; Robinson and Becker 1986). Longterm sensitization to psychostimulants is a process whereby
repeated exposure to these drugs results in an enhanced response after subsequent exposures. The relevance of this
process for the pathophysiology of schizophrenia has been
reviewed elsewhere (Laruelle 2000b; Lieberman et al.
1997). Subjects who abused psychostimulants and experienced stimulant-induced psychotic episodes were reported
to remain vulnerable to low doses of psychostimulants
(Connell 1958; Ellinwood et al. 1973; Sato et al. 1983). In
these subjects, exposure to psychostimulants at doses that
do not normally produce psychotic symptoms can trigger
a recurrence of these symptoms. The similarity between
these patients and the patients with schizophrenia in terms
of vulnerability to the psychotogenic effects of psychostimulants has led to the theorization that schizophrenia
might be associated with an “endogenous” sensitization
process (Glenthoj and Hemmingsen 1997; Laruelle 2000b;
Lieberman et al. 1990).
Considerable research efforts have been devoted to
the identification of neuronal substrates involved in sensitization. Several studies have shown that sensitization is
associated with increased stimulant-induced DA release
in the axonal terminal fields (for references, see Laruelle
2000b). A recent brain imaging study confirmed that in
humans, sensitization to the effects of amphetamine involves increased amphetamine-induced DA release (Boileau et al. 2003). The imaging studies reviewed later in
this section show that patients with schizophrenia have an
enhanced amphetamine-induced DA release, supporting
the notion of an endogenous sensitization process of the
subcortical DA system in schizophrenia.
Psychotogenic effects of amphetamine in schizophrenic patients. Several studies reviewed by Lieberman et al. (1987b) provided evidence that patients with
schizophrenia, as a group, have increased sensitivity to the
psychotogenic effects of acute psychostimulant administration. In other words, some, but not all, patients with
schizophrenia present with emergence or worsening of
psychotic symptoms after acute exposure to psychostimulants at doses that do not induce psychosis in healthy subjects. The psychotic response appears to be state dependent. First, patients who responded with a psychotic
reaction to a psychostimulant challenge during an acute
episode failed to show such a response when they were in
remission. Second, the propensity to present a psychotic

reaction to a psychostimulant challenge is predictive of
relapse on antipsychotic discontinuation. Thus, the clinical response to stimulants might “expose” an active phase
of the illness that is not readily identifiable by the clinical
symptomatology in the absence of a psychostimulant
administration.
Since the recognition in 1952 of the antipsychotic properties of chlorpromazine (Delay et al. 1952), antipsychotic medications
have fundamentally altered the course and the prognosis
of schizophrenia. They have proven effective in reducing
the severity of symptoms and preventing episodes of illness exacerbation. To date, D2 receptor antagonism is the
only pharmacological property shared by all antipsychotic
drugs. The clinical dose of these drugs is related to their
affinity for D2 receptors. D2 receptor antagonism appears
both necessary and sufficient for antipsychotic action (as
shown by the effect of selective D2 receptor antagonist
amisulpride). The fact that patients with schizophrenia
improve following administration of D2 receptor antagonists is one of the few irrefutable pieces of evidence in
schizophrenia (Weinberger 1987).
D2 receptor blockade by antipsychotic drugs has been
confirmed by numerous imaging studies (reviewed in Talbot and Laruelle 2002). In general, these studies failed to
observe a relation between the degree of D2 receptor occupancy and the quality of the clinical response. However,
most studies reported doses achieving more than 50% occupancy. The minimum occupancy required for a therapeutic response remains somewhat uncertain. Two studies
performed with low doses of relatively selective D2 receptor antagonists (haloperidol and raclopride) suggest that a
minimum of 50% occupancy is required to observe a rapid
clinical response (Kapur et al. 2000; Nordstrom et al.
1993). Imaging studies have repeatedly confirmed the existence of a striatal D 2 receptor occupancy threshold
(about 80%) above which extrapyramidal symptoms (EPS)
are likely to occur (Farde et al. 1992). Thus, these data suggest the existence of a therapeutic window between 50%
and 80% striatal D2 receptor occupancy. Within this window, the relation between occupancy and response is unclear, presumably because of the variability in endogenous
DA (Frankle et al. 2004). Furthermore, the occupancy
threshold required for therapeutic effects may differ
among drugs.
The introduction of second-generation antipsychotic
drugs since the early 1990s has not fundamentally altered
the prominence of D2 receptor antagonism in the current
treatment of schizophrenia. Most second-generation antipsychotic drugs also potently interact with other receptors, such as the serotonin2A (5-HT2A) receptors, but the
Therapeutic pharmacological effects.
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possibility to achieve an “atypical” profile with a pure D2
receptor antagonist such as amisulpride indicates that serotonin pharmacological effects are not absolutely required to produce this effect.
However, imaging studies generally have reported lower
occupancies of striatal D2 receptors at therapeutic doses
of second-generation antipsychotic drugs compared with
first-generation antipsychotic drugs. This seems to be especially true for amisulpride, clozapine, and quetiapine,
which provide 50%–60% D2 receptor occupancy at clinically effective doses (for review and references, see AbiDargham and Laruelle 2005). In contrast, studies with
first-generation antipsychotic drugs often report occupancies exceeding 75%. Thus, a parsimonious hypothesis
to account for possible second-generation antipsychotic
advantages is that, in general, clinical results obtained after moderate occupancies (50%–75%) are better than
those obtained after high occupancies (75%–100%) and
that, for a variety of reasons, second-generation antipsychotic drugs tend to maintain lower occupancies than do
first-generation antipsychotic drugs. The alternative hypothesis is that the D2 receptor occupancy required for
therapeutic effects is lower in second-generation antipsychotic drugs than in first-generation antipsychotic
drugs. Should the alternative hypothesis be true, the mechanisms responsible for the gain in the occupancy–efficacy
relation of second-generation antipsychotic drugs remain
to be fully elucidated.
A potentially important synergistic effect of 5-HT2A
and D2 receptor antagonism is to increase prefrontal DA,
an effect not observed with selective D2 or 5-HT2A receptor antagonists administered alone (Gessa et al. 2000;
Ichikawa et al. 2001; Melis et al. 1999; Pehek and Yamamoto 1994; Youngren et al. 1999). This effect might be
mediated by the stimulation of 5-HT 1A receptors: it is
blocked by 5-HT1A antagonists and is also observed following the combination of 5-HT1A receptor agonism and
D2 receptor antagonism (Ichikawa et al. 2001; Rollema et
al. 2000). Aripiprazole, clozapine, quetiapine, and ziprasidone are also 5-HT1A partial agonists, and this additional
property also might contribute to their ability to increase
prefrontal DA. As discussed later, a decreased prefrontal
DA function might contribute to the cognitive deficits
present in patients with schizophrenia, and an increase in
prefrontal DA induced by second-generation antipsychotics might mediate some of the modest cognitive improvements induced by these drugs (Keefe et al. 1999).
Yet it is unclear whether this increase in prefrontal DA,
documented as an acute response in animal studies, is sustained during the course of treatment in patients with
schizophrenia.

Postmortem Evidence
The discovery of the antipsychotic effect of D2 receptor
blockade inspired decades of postmortem research seeking to determine whether schizophrenia was associated
with alterations of DA transmission parameters. This large
body of research has so far failed to provide definitive
answers, in part, because of the confounding effect of
antemortem antipsychotic treatment.
Direct measures of
the tissue content of DA and its metabolites failed to
detect consistent and reproducible abnormalities (for
review, see Cross et al. 1981; Davis et al. 1991; Reynolds
1989). Note, however, that some studies reported higher
DA tissue levels in the samples from patients with schizophrenia compared with the samples from control subjects
in the subcortical regions such as the caudate (Owen et al.
1978), the accumbens (Mackay et al. 1982), and the amygdala (Reynolds 1983) and that no studies reported lower
DA content in these regions in the patients compared
with the control subjects.

Tissue DA and homovanillic acid.

D1 receptors. Several studies have reported that striatal
D1 receptors are unaltered in schizophrenia (Joyce et al.
1988; Pimoule et al. 1985; Reynolds and Czudek 1988;
Seeman et al. 1987), although one study reported decreased density (Hess et al. 1987).

Increased density of striatal D2 receptors
in patients with schizophrenia measured with tritium
spiperone and other tritium neuroleptic drugs has been a
consistent finding in many postmortem studies (Cross et
al. 1983; Hess et al. 1987; Joyce et al. 1988; Lee et al. 1978;
Mackay et al. 1982; Mita et al. 1986; Owen et al. 1978;
Reynolds et al. 1987; Seeman et al. 1984, 1987). However,
chronic neuroleptic administration upregulates D2 receptor density (Burt et al. 1977), making it unclear if these
postmortem findings are related to prior neuroleptic
exposure or to the disease process per se.

D2 receptors.

D3 receptors. Gurevich et al. (1997) reported a significant increase (almost twofold) in the D3 receptor number
in postmortem samples of ventral striatum from patients
with schizophrenia who were not taking neuroleptics at
the time of death. In contrast, the D3 receptor binding was
normal in patients taking neuroleptics at the time of
death, suggesting that treatment might normalize these
receptors. However, these interesting findings have not
yet been replicated, and D3 receptor messenger ribonucleic acid (mRNA) levels were reported to be normal in
the accumbens (Meador-Woodruff et al. 1997).
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D4 receptors. Several studies that used ligand subtraction techniques reported an increase in striatal D4-like
receptors in schizophrenia (Marzella et al. 1997; Murray
et al. 1995; Seeman et al. 1993; Sumiyoshi et al. 1995).
These findings, combined with the higher affinity of clozapine for D4 relative to other DA receptors, prompted
the hypothesis that D4 receptors might play a critical role
in the pathophysiology of the illness (Seeman et al. 1995).
Yet the elevation of D4-like receptors in the striatum in
patients with schizophrenia was neither confirmed by
other studies that used the same subtraction technique
(Lahti et al. 1996b; Reynolds and Mason 1994) nor found
in one study that used the selective D 4 ligand tritium
NGD 94-1 (Lahti et al. 1996a).

Many postmortem studies report
unaltered DA transporter density in the striatum of patients with schizophrenia (Chinaglia et al. 1992; Czudek
and Reynolds 1989; Hirai et al. 1988; Joyce et al. 1988;
Knable et al. 1994; Pearce et al. 1990).
DA transporters.

In conclusion, postmortem measurements of the indices of DA transmission generated two consistent observations:
1. The binding of the radioligand to D2-like receptors in
the striatum of patients with schizophrenia is increased, but it has been difficult to exclude the contribution of the premortem antipsychotic exposure in
this set of findings.
2. Striatal DA transporter and D1 receptor densities are
unaffected in schizophrenia.

NMSP is not. It follows that if endogenous DA levels are
elevated in schizophrenia, then D2 receptor density measured in vivo with [11C]-raclopride and [123I]-IBZM would
be “underestimated” to a greater extent in patients with
schizophrenia than in control subjects.
Several PET studies reported no alteration in D1 transporters in the striatum of patients with schizophrenia, a
finding consistent with postmortem studies (AbiDargham et al. 2002; Karlsson et al. 2002; Okubo et al.
1997). Also consistent with postmortem findings are the
results of imaging studies reporting unaltered levels of
DA transporter and of the vesicular transporters in
schizophrenia (Laakso et al. 2000; Laruelle et al. 2000;
Lavalaye et al. 2001; Taylor et al. 2000), although one
study reported decreased levels of DA transporter in
chronically ill patients (Laakso et al. 2001).
Striatal dopa decarboxylase activity. Seven studies
have reported dopa accumulation in patients with schizophrenia via 18F-labeled dopa (Dao-Castellana et al. 1997;
Hietala et al. 1995, 1999; McGowan et al. 2004; MeyerLindenberg et al. 2002; Reith et al. 1994) or 11C-labeled
dopa (Lindstrom et al. 1999). Six of seven studies reported
an increased accumulation of dopa in the striatum of patients with schizophrenia. Several studies reported high
dopa accumulation in psychotic paranoid patients. Although the relation between dopa decarboxylase and the
rate of DA synthesis is unclear (dopa decarboxylase is not
the rate-limiting step of DA synthesis), these observations
are compatible with findings of higher DA synthesis activity in patients experiencing psychotic symptoms.

The decrease in [ C]raclopride and [ I]-IBZM in vivo binding
following acute amphetamine challenge has been well validated as a measure of the change in D2 receptor stimulation by DA due to amphetamine-induced DA release
(Breier et al. 1997; Laruelle 2000a; Laruelle et al. 1997b;
Piccini et al. 2003; Villemagne et al. 1999). Of three studies
examining amphetamine-induced decreases in [11C]raclopride or [123I]-IBZM binding in untreated patients with
schizophrenia compared with well-matched control subjects (Abi-Dargham et al. 1998; Breier et al. 1997; Laruelle
et al. 1996), all three reported that the decrease was larger
in the untreated patients with schizophrenia (Figure 6–1).
A significant relation was observed between magnitude of
DA release and the transient induction or worsening of
positive symptoms (Figure 6–2). The increased amphetamine-induced DA release was observed in both first-episode/drug-naive patients and patients who had previously
taken antipsychotic drugs and were scanned during an episode of illness exacerbation but not in patients who were
Striatal amphetamine-induced DA release.
11

Imaging Evidence
DA receptors and transporters. Striatal D 2 receptor
density in schizophrenia has been extensively studied with
positron emission tomography (PET) and single photon
emission computed tomography (SPECT) imaging, and
these studies have been reviewed elsewhere (Laruelle 1998,
2003). The vast majority of these studies have had negative
findings, but a meta-analysis of the results found a nonrandom distribution of the results consistent with a modest
elevation of D2 receptors in schizophrenia. Interestingly,
studies performed with radiolabeled spiperone ( 11 Clabeled NMSP; N=7) reported elevated D2 receptor binding in the striatum of patients with schizophrenia, whereas
studies performed with radiolabeled benzamides (such as
[11C]raclopride and 123I-labeled IBZM did not. To explain
this discrepancy, Seeman (1988; Seeman et al. 1989) noted
that the in vivo binding of benzamide is affected by competition with endogenous DA, but the binding of [11C]-

123
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Schizophrenia
patients

[123I]−IBZM displacement by amphetamine
(% baseline)

Control
subjects

50%

40%

30%

20%

10%

0%

F I G U RE 6– 1 . Effect of amphetamine (0.3 mg/kg) on
untreated patients with schizophrenia.

123

I-labeled IBZM binding in healthy control subjects and

The y-axis shows the percentage decrease in [123I]-IBZM binding potential induced by amphetamine, which is a measure of the
increased occupancy of dopamine2 (D2) receptors by dopamine following the challenge.

scanned during a remission phase (Laruelle et al. 1999).
Thus, just like the enhanced vulnerability to the psychotogenic effects of stimulants (Lieberman et al. 1987b), the
enhanced DA response to stimulants in schizophrenia appears to be state-dependent.
The increase in amphetamine-induced DA release was
larger in patients experiencing an episode of illness exacerbation compared with patients in remission at the time
of the scan (Laruelle et al. 1999). This exaggerated response of the dopaminergic system to amphetamine exposure did not appear to be a nonspecific effect of stress because elevated anxiety before the experiment was not
associated with a larger amphetamine effect. Furthermore, nonpsychotic subjects with unipolar depression,
who reported levels of anxiety similar to those of the
schizophrenic patients at the time of the scan, showed
normal amphetamine-induced displacement of [ 123I]IBZM (Parsey et al. 2001).

These findings generally were interpreted as reflecting
a larger DA release following amphetamine in the schizophrenic group. Another interpretation of these observations would be that schizophrenia is associated with increased affinity of D2 receptors for DA. The development
of D 2 receptor imaging with radiolabeled agonists is
needed to settle this issue (Hwang et al. 2000; Narendran
et al. 2004). Another limitation of this paradigm is that it
measures change in synaptic DA transmission following a
nonphysiological challenge (i.e., amphetamine) and does
not provide any information about synaptic DA levels at
baseline (i.e., in the unchallenged state).
Baseline occupancy of striatal D2 receptors by DA.

In rodents, acute depletion of synaptic DA is associated
with an acute increase in the in vivo binding of [11C]raclopride or [123I]-IBZM to D 2 receptors (for review, see
Laruelle 2000a). The increased binding is observed in vivo
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r2 = 0.29, P = 0.001
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Change in positive symptoms
(difference from baseline)
F I G U R E 6 – 2 . Relation between striatal amphetamine-induced dopamine release (y-axis) and amphetamineinduced changes in positive symptoms measured with the positive subscale of the Positive and Negative Syndrome Scale
for Schizophrenia (PANSS) in patients with schizophrenia.
Stimulation of dopamine2 (D 2) receptors was associated with emergence or worsening of positive symptoms and accounted for about
30% of the variance in this behavioral response.

but not in vitro, indicating that it is not due to receptor
upregulation but to the removal of endogenous DA and
the unmasking of D2 receptors previously occupied by
DA. The acute DA depletion technique was developed in
humans by using α-methyl-p-tyrosine to assess the degree
of occupancy of D2 receptors by DA (Fujita et al. 2000;
Laruelle et al. 1997a; Verhoeff et al. 2001, 2002). Using
this technique, investigators reported a higher occupancy
of D 2 receptors by DA in patients with schizophrenia
experiencing an episode of illness exacerbation compared
with healthy control subjects (Abi-Dargham et al. 2000b).
Again, assuming normal affinity of D2 receptors for DA,
the data are consistent with higher DA synaptic levels in
patients with schizophrenia. A higher occupancy of D2
receptors by DA in patients with schizophrenia was pre-

dictive of a good therapeutic response of these symptoms
following 6 weeks of treatment with atypical antipsychotic
medications. The fact that high levels of synaptic DA at
baseline predicted a better or faster response to atypical
antipsychotic drugs suggested that the D2 receptor blockade induced by these drugs remains a key component in
their initial mode of action.

Conclusion
Of the three alleged alterations of neurotransmission
associated with schizophrenia discussed in this chapter
(increased subcortical DA activity at D 2 receptors,
decreased cortical DA activity at D1 receptor, decreased
GLU transmission at NMDA receptors), the first is by far
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TA BL E 6 – 1 .
schizophrenia

Weight of evidence for the three putative imbalances in neurotransmission associated with
Increase in
subcortical DA

Type of evidence
Preclinical evidence
(animal models)
Clinical evidence

Indirect
(pharmacological)

Direct

Decrease in
cortical DA

NMDA deficit

+++

+++

+++

Adverse

+++a

+b

+++c

Therapeutic

+++

—

+

Postmortem

+

+

+

+++

++

—

Imaging

Note. DA=dopamine; NMDA=N-methyl-D-aspartate; +++= strong evidence; ++=moderate evidence; +=emerging or ambiguous evidence; —=no
evidence.
a
Positive symptoms.
b
Cognitive deficits (Parkinson’s disease).
c
Positive, negative, and cognitive symptoms.

the best established (Table 6–1). The hypothesis of
increased subcortical DA activity at D2 receptors rests
both on solid pharmacological ground (repeated exposure
to DA-enhancing drugs induces psychosis, blocking D 2
receptors alleviates psychosis) and on a growing body of
direct imaging evidence that documented that, at least
during an episode of illness exacerbation, schizophrenia is
associated with increases in activity of DA neurons projecting to the striatum. The main limitation of this
hypothesis is that it accounts for only one component of
the clinical presentation (positive symptoms).

EVIDENCE SUPPORTING DECREASED DOPAMINE
ACTIVITY AT CORTICAL D1 RECEPTORS

paired prefrontal DA function (Cai and Arnsten 1997;
Castner et al. 2000; Schneider et al. 1994). In humans, the
importance of DA for cognitive function is supported by
cognitive impairment presented by patients with Parkinson’s disease (Bowen et al. 1975; Stern and Langston
1985). Recent studies of the functional consequences of a
polymorphism of the catechol-O-methyltransferase
(COMT) gene also strongly support the involvement of
cortical DA in working memory tasks in healthy humans
(Egan et al. 2001). Together, these data generated the hypothesis that alterations in working memory and executive tasks presented by patients with schizophrenia might
be the result of a deficiency in prefrontal dopaminergic
systems.

Preclinical Evidence

Postmortem Evidence

A large body of evidence indicates that prefrontal DA activity is intimately involved in cognitive processes subserved by the dorsolateral PFC and its connections, such
as tasks involving working memory. In 1979, Brozowski et
al. reported, in a seminal paper, that selective DA depletion in the dorsolateral PFC in monkeys markedly
impaired spatial working memory performance. The impairment was restored after treatment with DA agonists.
These observations prompted numerous pharmacological
studies of the role of prefrontal D1 receptors in cognition.
These studies documented that local intracerebral and
systemic injections of selective D1 receptor antagonists
impaired working memory performance (Arnsten et al.
1994; Sawaguchi and Goldman-Rakic 1991, 1994; Seamans et al. 1998). Conversely, D1 receptor agonists have
beneficial effects on working memory in animals with im-

Relatively few postmortem studies have assessed the integrity of DA markers in the dorsolateral PFC of patients
with schizophrenia. With regard to the D1 receptors, the
predominant form of DA receptors in the cortex, one
study reported no change (Laruelle et al. 1990), and one
study reported a nonsignificant increase (Knable et al.
1996). D 1 receptor mRNA levels were reported unchanged in the PFC (Meador-Woodruff et al. 1997).
Decreased tyrosine hydroxylase–labeled axons have
been reported in layer III and VI of the entorhinal cortex
and in layer VI of the PFC in patients with schizophrenia—a finding that suggests that schizophrenia might be
associated with a deficit in DA transmission in the entorhinal cortex and the PFC (Akil et al. 1999, 2000). This
finding was clearly unrelated to premortem neuroleptic
exposure. In contrast, Benes et al. (1997) observed no sig-
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F I G U RE 6 – 3 . Distribution of 11C-labeled NNC-112 binding potential (BP) in dorsolateral prefrontal cortex of
healthy control subjects (n =16) and patients with schizophrenia (n= 16).
Patients with schizophrenia had increased dopamine1 (D1) receptor availability compared with control subjects (P=0.02). This significant upregulation was detected in the dorsolateral prefrontal cortex but not in other regions investigated.

nificant changes in tyrosine hydroxylase–positive varicosities in the dorsolateral PFC.

Imaging Evidence
The only index of DA transmission that is currently quantifiable with noninvasive in vivo imaging is D1 receptor
availability. The first PET radiotracer for the D1 receptor
to be introduced was [11C]-SCH 23390 (Halldin et al.
1986). Despite the lower density of D1 receptors in the
PFC compared with the striatum (Hall et al. 1994), a test/
retest study recently reported appropriate reproducibility
of the measurement of [11C]-SCH 23390 binding potential in the human PFC (Hirvonen et al. 2001). More
recently, [ 11C]-NNC-112 was developed as a superior
PET D1 receptor radiotracer (Andersen et al. 1992; Halldin et al. 1998). In humans, [11C]-NNC-112 provides
higher specific-to-nonspecific ratios compared with
[11C]-SCH 23390 (Abi-Dargham et al. 1999; Halldin et
al. 1998) and exquisite visualization of D1 receptors, even

in the neocortex. The reproducibility of measurement of
[11C]-NNC-112 binding potential in the human PFC has
been established (Abi-Dargham et al. 2000a).
Three PET studies of prefrontal D1 receptor availability in patients with schizophrenia have been published. Two studies were performed with [11 C]-SCH
23390. The first reported decreased [11C]-SCH 23390
binding potential in the PFC (Okubo et al. 1997), and the
other reported no change (Karlsson et al. 2002). One study
was performed with [11C]-NNC-112 (Abi-Dargham et al.
2002) and reported increased [11C]-NNC-112 binding potential in the dorsolateral PFC (Figure 6–3). Upregulated
D1 receptor binding in the dorsolateral PFC of patients
with schizophrenia was associated with impaired performance on the n-back test, a test relying on working memory (Figure 6–4).
Many factors, including patient heterogeneity and differences in the boundaries of the sampled regions, might
potentially account for the discrepancies between the
three imaging studies. However, the severity of deficits in
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F I G U RE 6– 4 . Relation between upregulation of dopamine 1 (D1) receptors in the dorsolateral prefrontal cortex
(DLPFC) of untreated patients with schizophrenia and performance on working memory task (3-back adjusted hit rate
[AHR], lower values represent poorer performance).
tasks involving working memory was reported to be associated with both decreased PFC [ 11 C]-SCH 23390
binding potential (Okubo et al. 1997) and increased PFC
[11C]-NNC-112 binding potential (Abi-Dargham et al.
2002), suggesting that both alterations might reflect a
common underlying deficit.
Because of the prevalent view that schizophrenia is associated with a deficit in prefrontal DA activity, the effect
of chronic DA depletion on the in vivo binding of [11C]SCH 23390 and [11C]-NNC-112 was investigated (Guo
et al. 2001). Chronic DA depletion is associated with an
increase in in vivo [11C]-NNC-112 binding, presumably
reflecting a compensatory upregulation of D1 receptors,
but no change in [11C]-SCH 23390 in vivo binding. The
reason that [11C]-SCH 23390 binding is unaltered following chronic DA depletion remains to be elucidated, but
the underlying process, when determined, might explain
part of the discrepancies between the imaging studies.

Conclusion
Decreased cortical DA activity at D1 receptors remains an
intriguing but as yet unproven mechanism for the cognitive deficits presented by patients with schizophrenia (Ta-

ble 6–1). Although the role of prefrontal DA in cognition
is well established in both animals and humans, definitive
evidence that cognitive deficits in patients with schizophrenia result from deficient prefrontal DA function is
lacking. This hypothesis is supported by one postmortem
study that still awaits replication and extension and a few
imaging studies that remain to be fully conciliated and interpreted. As discussed earlier, the modest improvement in
cognition associated with second-generation antipsychotics that increase prefrontal DA supports a role for DA in
these symptoms. However, it is unclear whether this prefrontal DA response is sustained over the course of treatment. The absence of adequate D 1 receptor agonists
available for human use has precluded a more definitive
clinical testing of this hypothesis. Some of these agents
are currently under development, and proof of concepts
studies should be available in the near future.

GLUTAMATE AND NMDA RECEPTORS
Although dopaminergic theories continue to command
the greatest scientific attention, glutamatergic theories
have become increasingly popular over recent years. The
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Behavioral effects of the dissociative anesthetic phencyclidine (PCP) in monkeys.

At lower doses (left), PCP induces a syndrome characterized by behavioral withdrawal and apathy (“dissociation”), reminiscent of
negative symptoms of schizophrenia. At higher doses, PCP induces a catatonic-like syndrome (right), including features such as waxy
flexibility typically seen in catatonic schizophrenia, especially in the preneuroleptic era.
Source. Reprinted from Chen GM, Weston JK: “The Analgesic and Anesthetic Effects of 1-(1-Phenylcyclohexyl)-Piperidine HCl
on the Monkey.” Anesthesia and Analgesia 39:132–137, 1960. Used with permission.

origins of glutamatergic theories date to the late 1950s
with the discovery of the novel anesthetic agents phencyclidine (PCP) and ketamine. Initial primate testing (Chen
and Weston 1960) showed that these agents produce a
unique profile of activity, in which animals were awake but
seemingly dissociated from the environment (Figure 6–5),
leading them to be designated dissociative anesthetics. At
higher doses, these agents produced rigid catatonia, similar to that observed in schizophrenia. Furthermore, in
initial clinical trials, individuals exposed to these agents
often developed schizophrenia-like symptoms on emerging from the anesthesia. The similarity of these emerging
symptoms to the symptoms of schizophrenia led to the
proposal that these agents might produce a heuristically
valuable neurochemical model of schizophrenia.
Although studies with PCP and ketamine were conducted throughout the 1960s and 1970s, the primary
binding site for PCP and ketamine was not discovered until 1979. Subsequent research in the early 1980s estab-

lished that the “PCP receptor” was, in fact, a binding site
located within the ion channel belonging to the newly described NMDA-type GLU receptor. At that time, the role
of GLU as a neurotransmitter within the mammalian nervous system had only recently been established. This confluence of findings, in the late 1980s, led to the first proposals that dysfunction of NMDA receptors, or of
NMDA’s modulatory circuitry, might underlie key symptoms in schizophrenia (reviewed in Javitt and Zukin 1991).
As opposed to DA agents such as amphetamine, NMDA
antagonists induce a syndrome that includes negative and
positive symptoms and reproduce many of the neuropsychological deficits associated with schizophrenia.
The basic hypotheses underlying glutamatergic models have not changed since they were first proposed in the
late 1980s. However, research since then has provided a
fuller understanding of the roles of GLU and NMDA
receptors in normal cognition and of the mechanisms
whereby NMDA dysfunction may occur in schizophrenia.
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GLUTAMATERGIC TRANSMISSION
Glutamate as a Neurotransmitter
GLU is the primary excitatory neurotransmitter in mammalian brain; aspartate and GLU make up the class of
excitatory amino acid neurotransmitters. Approximately
60% of the neurons in the brain, including all cortical
pyramidal neurons and thalamic relay neurons, use GLU
as their primary neurotransmitter. Furthermore, glutamatergic terminals account for approximately 40% of all
brain synapses (reviewed in Javitt 2004). GLU concentrations in the brain are more than 1,000-fold higher than
concentrations of DA, serotonin, or any other monoaminergic neurotransmitters.
The high concentration of GLU in the brain and its
participation in multiple metabolic pathways formed the
initial basis of an argument against its potential role as a
physiologically relevant neurotransmitter. This argument
was resolved by the subsequent demonstration that the
neurotransmitter pool of GLU is segregated from the
metabolic pool and regulated independently. GLU is released from presynaptic terminals in response to neuronal
depolarization and is recycled by excitatory amino acid
transporters located on both neurons and glia. Within
glia, GLU is converted to glutamine and released into extracellular fluid, where it is reabsorbed into presynaptic
terminals and converted back to GLU via action of neuronal glutaminase.

Glutamate Receptors
The receptors for GLU are divided into two broad families: ionotropic and metabotropic. Ionotropic receptors
are differentiated on the basis of sensitivity to the synthetic GLU derivatives NMDA, α-amino-3-hydroxy-5methyl-4-isoxazolepropionic acid (AMPA), and kainate.
Metabotropic receptors, which are G protein coupled and
mediate longer-term neuromodulatory effects of GLU,
are divided into groups on the basis of effector coupling
and ligand sensitivity. Despite the differential sensitivity
of these receptors to specific synthetic ligands, the endogenous neurotransmitter for all receptors is GLU and, to a
lesser extent, the closely related amino acid aspartate.
NMDA receptors are the most complex of the ionotropic receptors and a primary therapeutic
target for psychiatric disorders. NMDA receptors contain
not only the recognition site for GLU but also an allosteric modulatory site that binds the endogenous brain
amino acids glycine and D-serine. This glycine binding
site, like the benzodiazepine site of the GABAA receptor,
regulates the channel open time and the desensitization
NMDA receptors.

rate in the presence of the agonist (GLU) but does not, in
itself, induce channel opening. Like the benzodiazepine
site, this site may be an ideal target for drug development.
Both glycine and D-serine are present in high concentration in the brain. However, NMDA receptors appear
to be protected from high glycine and D-serine levels by
the presence of amino acid transporters that are colocalized with NMDA receptors. Glycine type-1 transporters
(GLYT1) may play a key role, although other small neutral amino acid transporters also may contribute (Javitt et
al. 2005). As with the glycine site itself, these transporters
have become a prominent target for drug development.
In addition, the NMDA receptor complex contains
regulatory sites that are sensitive to polyamines, zinc
(Zn2+), protons, and oxidation-reduction agents such as
glutathione. The multiple influences that converge on
NMDA receptors speak to its critical role played in a multitude of brain processes.
NMDA receptors are blocked in a voltage-sensitive
fashion by magnesium (Mg2+), which binds to a site within
the NMDA ion channel. As a result, NMDA receptors
have a unique voltage, as well as being ligand (GLU) sensitive. This property permits NMDA receptors to play a
unique role in the regulation of the connection strength
between neurons through a process known as long-term
potentiation. In addition, because NMDA receptors can
be turned “on” or “off” simply by varying the membrane
voltage, they serve as a key element in circuits related to
attention, gating, and feedback regulation.
NMDA receptors are composed of multiple subunits,
including at least one NR1 subunit and one or more modulatory subunits from the NR2 (NR2A–NR2D) and NR3
(NR3A, NR3B) families. These subunits significantly alter the functional properties of native NMDA receptors,
including their voltage sensitivity and peak conductance
and the degree to which they are influenced by the endogenous modulators glycine and D-serine. Interestingly, the
modulatory agents glycine and D-serine have similar, excitatory effects on NMDA receptors containing NR2 subunits, but they have the opposite effects on receptors containing NR3 subunits, with glycine serving to activate
NR3-containing receptors and D-serine serving to inhibit
them (Chatterton et al. 2002).
PCP, ketamine, and other dissociative
anesthetics bind to a site located within the ion channel
formed by the NMDA complex. Note, however, that
these agents also bind to a host of other receptors with
varying affinities, leading to historical debate as to which
receptors mediate the psychotomimetic effects of these
agents. For example, PCP binds to a class of receptor
termed the sigma opiate receptors, as well as to transporter

PCP receptors.
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Molecular targets of phencyclidine (PCP).

PCP induces symptoms that resemble those of schizophrenia when administered at doses of 0.1 mg/kg intravenously (IV). These
doses produce plasma levels in the range of approximately 70 nM (0.07 µM). Although PCP has been reported to interact with a wide
variety of molecular targets in brain, at doses associated with psychosis, PCP interacts primarily with the N-methyl-D-aspartate
(NMDA)–associated “PCP receptor.” Other psychotomimetic drugs, such as ketamine, also induce psychosis by blocking NMDA receptors.
ACh = acetylcholine; BDZ= benzodiazepine; DA = dopamine; GABA = γ-aminobutyric acid; 5-HT = serotonin; K+ = potassium;
Na+ =sodium; NE=norepinephrine.

sites for monoaminergic neurotransmitters such as DA
and serotonin (Figure 6–6). Furthermore, these agents
may interact at high concentration with D2 or 5-HT2A receptors. These cross-reactivities have led, over the years,
to suggestions that other receptors, besides the NMDA
receptor, may mediate the psychotomimetic effects of PCP
and ketamine.
A critical issue is not only the absolute potency with
which PCP and ketamine induce their psychotomimetic
effects but also the relative potency. In both animal models and clinical challenge studies, PCP is about 10-fold
more potent than ketamine. Moreover, a variety of developed “designer drugs” (e.g., TCP [thienylcyclohexylpiperidine]) and pharmaceuticals (e.g., MK-801) show an
even higher affinity for the PCP receptor than does PCP
itself. These agents are similarly more effective than PCP
in producing dissociative anesthetic-like symptoms in
both animal models and clinical studies, strongly implicating NMDA receptors in the etiology of PCP-induced
psychosis. Finally, the difference between the behavioral

profile induced by NMDA antagonists such as PCP and
ketamine and the pattern induced by dopaminergic agents
such as amphetamine and methylphenidate makes it difficult to attribute their effects to dopaminergic dysfunction
alone.
The other main class of the ionotropic neurotransmitters that may be involved in schizophrenia is the AMPA receptor. AMPA receptors are composed of the combinations of GluR1–4 subunits and work
heavily in concert with NMDA receptors. Mature AMPA
receptors containing the GluR2 subunit are calcium impermeant (Tanaka et al. 2000) and thus do not directly
trigger long-term potentiation. Nevertheless, AMPA receptors provide the primary depolarization necessary to
unblock NMDA receptors and to permit calcium entry
into the cell.
Synergistically, calcium entry through unblocked
NMDA receptors triggers AMPA insertion into the postsynaptic density and synaptic strengthening. AMPA reAMPA receptors.
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ceptors, however, are continuously recycled, leading to
gradual synaptic weakening. If AMPA density falls below
a critical threshold, levels of depolarization are insufficient to unblock NMDA channels, preventing subsequent
AMPA activation. Such synapses, despite containing histologically identifiable NMDA, are functionally silent and
cannot be recovered by electrical stimulation alone (Isaac
et al. 1999). To the extent that silencing of synapses occurs
in schizophrenia, it may limit the degree of recovery to be
expected even if normal glutamatergic functioning could
be restored.
At present, two main theories exist concerning the potential role of AMPA receptors in schizophrenia. One theory holds that cognitive dysfunction in schizophrenia is
not directly related to NMDA dysfunction, but instead
represents rebound glutamatergic hyperactivity operating
through non-NMDA receptors. This theory predicts that
blocking AMPA receptors should be therapeutically beneficial (Moghaddam et al. 1997). Other theories propose
that schizophrenia may be associated with a global reduction in GLU release, which would affect AMPA and
NMDA receptors. These theories predict that AMPAstimulating agents should be beneficial (e.g., Tsai et al.
1998a). AMPA receptors desensitize quickly following direct stimulation. However, indirect modulators, termed
AMPAkines, may be able to stimulate AMPA receptors
without causing desensitization. Such compounds have
been tested in schizophrenia only to a limited degree (Goff
et al. 2001) and without conclusive evidence for or against
efficacy.
Unlike ionotropic receptors,
which are linked directly to ion channels, metabotropic
receptors are linked to second-messenger systems. A particular role of glutamatergic metabotropic receptors is the
regulation of presynaptic GLU release and postsynaptic
sensitivity. Metabotropic receptors are divided into three
groups according to functional activity. Group I receptors
function predominantly to potentiate both presynaptic
GLU release and postsynaptic NMDA neurotransmission. In contrast, group II and group III receptors serve to
limit GLU release, particularly during conditions of
GLU spillover from the synaptic cleft. Thus, group I agonists would be expected to stimulate neurotransmission
mediated by ionotropic GLU receptors, whereas agonists for groups II and III receptors would be expected
to have the opposite effect. At present, metabotropic agonists and antagonists are under development for clinical
use by various pharmaceutical companies for treatment
of schizophrenia. One agent in particular—LY354740, a
group II agonist—has been found to reverse the acute effects of NMDA antagonists in both rodents and humans
Metabotropic receptors.

(Krystal et al. 2005; Moghaddam and Adams 1998). Despite these intriguing results, clinical data with metabotropic agonists or antagonists have not yet been reported.

EVIDENCE SUPPORTING GLUTAMATERGIC
MODELS OF SCHIZOPHRENIA
Pharmacological Evidence
The first studies
detailing neurocognitive effects of PCP were performed
in the 1960s before the development of modern rating
scales and neuropsychological instruments. More recent
studies with ketamine, however, have confirmed and extended the original findings.
One consistent finding was the close similarity of PCPand ketamine-induced symptoms to those observed in
schizophrenia. When formal rating scales are used, such
as the Brief Psychiatric Rating Scale or the Positive and
Negative Syndrome Scale for Schizophrenia, highly significant increases are observed not only in positive symptoms but also in negative symptoms and in disorganization (Krystal et al. 1994; Lahti et al. 2001; Malhotra et al.
1996). Auditory hallucinations are rare, whereas perceptual distortions are common. When patients with schizophrenia are exposed to ketamine, they also show increases
in positive symptoms, as well as negative symptoms, and
in particular show an increase in hallucinatory activity
(Lahti et al. 2001; Malhotra et al. 1997). For most individuals with schizophrenia, the reactivated symptoms closely
resemble their initial presenting symptoms, further validating glutamatergic theories of the disorder.
In addition to reproducing the severity and the type of
symptoms observed in schizophrenia, ketamine induces a
pattern of cognitive dysfunction strikingly similar to that
observed in schizophrenia. The most disturbed function
in schizophrenia is typically verbal declarative memory, a
task that localizes strongly to the hippocampus (Bilder et
al. 2000). This task is also strongly affected by PCP and
ketamine, with amnesia being one of the hallmarks of dissociative anesthesia. The pattern of learning and memory
deficits in schizophrenia, moreover, differs from that of
Alzheimer’s disease or other dementing illnesses in that
patients have a delayed ability to learn new information
but an intact ability to retain information once it is
learned (Bilder et al. 2000). This type of deficit is not seen
following structural lesions of hippocampus but is seen
following selective NMDA receptor blockade (Newcomer et al. 1999). Thus, NMDA antagonists induce not
only the domains of deficit similar to those seen in schizophrenia but also similar patterns within a domain.

Aversive pharmacological effects.
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Schizophrenia is also associated with disturbances in
many prefrontal functions, such as executive functioning
and working memory. These deficits are operationalized
with tests such as the Wisconsin Card Sorting Test or
“AX”-type Continuous Performance Test. In both of these
tasks, ketamine is found to induce a pattern of deficit
closely resembling that seen in schizophrenia (Krystal et
al. 1994; Umbricht et al. 2000).
Ketamine infusion also reproduces both the severity
and the type of thought disorder seen in schizophrenia;
both types of thought disorder are associated with high
levels of poverty of speech, circumstantiality, and loss of
goal and relatively low levels of distractive, stilted speech
or paraphasias (Adler et al. 1999). Conversely, processes
that are relatively unimpaired in schizophrenia, such as
implicit memory and priming, also appear unaffected by
ketamine infusion. Furthermore, as observed in schizophrenia, specific neurocognitive changes are not accompanied by global impairments, as measured by instruments such as the Mini-Mental State Examination, so that
the specificity of the effects is preserved.
Even the potent anesthetic abilities of ketamine are of
interest given the well-documented but currently unexplained findings of increased sensation and pain thresholds in individuals with schizophrenia (Kudoh et al. 2000).
Thereby, NMDA dysfunction may serve as a unifying
model to explain the otherwise complex and idiosyncratic
pattern of neurocognitive dysfunction in schizophrenia.
A second line
of evidence supporting the NMDA model comes from
clinical studies of drugs that stimulate NMDA receptor–
mediated neurotransmission. At present, the glycine binding site has proven most amenable to pharmacological
intervention. The primary agents available for clinical
study, to date, include the endogenous brain compounds
glycine and D-serine, as well as the synthetic compound
D-cycloserine, which fortuitously cross-reacts with the
glycine binding site. As opposed to glycine and D-serine,
which are full NMDA agonists, D-cycloserine functions as
a partial agonist, leading to 40%–60% of the activation
seen with glycine or D-serine.
Because of poor permeation into the brain and extensive peripheral metabolism, therapeutic dosages of glycine are in the range of 30–60 g/day. D-Serine, which is
less extensively metabolized peripherally, appears to be
effective at dosages as low as 2 g/day, although doseresponse studies with this agent have not yet been conducted. D-Cycloserine appears most effective when given
at a dosage of 50 mg/day. At higher doses, antagonist effects of D-cycloserine predominate, and clinical worsening of psychosis is observed.
Therapeutic pharmacological effects.

When given at the previously mentioned dosages, results of clinical trials conducted with NMDA receptor agonists have been consistent across studies (Table 6–2).
Studies with full agonists have reported highly significant,
large effect size (0.9–2.1 SD units) improvements in negative and cognitive symptoms when these agents were added
to typical antipsychotics or newer atypical antipsychotics,
such as risperidone and olanzapine. The percentage of improvement in the negative symptoms ranged from 16% to
39% (weighted mean =30%) for trials between 6 and 12
weeks. The level of cognitive and positive symptom improvement, across studies, was about 15%. Studies with Dcycloserine also had significant results, although the level
of improvement was more modest. Because of the modest
effects, some studies with D-cycloserine reported significant improvement, whereas others did not.
In some studies with glycine, D-serine, and D-cycloserine, the degree of negative symptom improvement correlates significantly with baseline glycine levels, suggesting that patients with the lowest pretreatment levels
respond best to NMDA agonist treatment. In general, improvement has been less pronounced in patients receiving
clozapine, raising the possibility that the atypical effects of
clozapine may already reflect significant glutamatergic
potentiation. The combination of D-cycloserine and clozapine has been found in some studies to worsen symptoms, suggesting that in such a combination, the NMDA
antagonist effects of D-cycloserine may predominate (Goff
et al. 1999a).
In addition to those studies with glycine site agonists,
one recent clinical trial used the GLYT1 inhibitor Nmethylglycine (sarcosine). This agent produced a highly
significant, approximately 15% reduction in negative
symptoms, along with a significant reduction in positive
and cognitive symptoms and in the total Positive and
Negative Syndrome Scale for Schizophrenia score (Tsai et
al. 2004a), further supporting NMDA models.

Genetic Evidence
Genetic studies, over recent years, have begun to shed
light on possible causes of NMDA dysfunction. As with
postmortem studies, primary deficits may involve NMDA
receptors themselves, including either the NR1 or the associated NR2 subunits, or proteins that regulate NMDA
function indirectly.
To date, limited evidence implicates NMDA receptors
directly in the genetics of schizophrenia. One positive
study linking NMDA and genetics was reported in an African Bantu population but has not been replicated (Riley
et al. 1997). More recent studies also have reported some
linkages between NR2 subunits and schizophrenia itself
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TA BL E 6 – 2. Summary of clinical findings with the full N-methyl-D-aspartate receptor glycine-site agonists glycine
(GLY) and D-serine (DSER) and the partial agonist D-cycloserine (DCS) in combination with typical, atypical, or mixed
antipsychotics in schizophrenia
Negative
Study

Agonist AP

N

Cognitive

Positive

% Change

P

% Change

P

% Change

P

Heresco-Levy et al. GLY
1999

Mixed

22

−39

<0.001

−24

0.01

−20

NS

Javitt et al. 2001

Mixed

12a

−34

<0.05

−12

0.1

−11

0.08

0.02

−11

0.006

GLY

a

Heresco-Levy et al. GLY
2004

OLZ/RISP

17

−23

<0.0001

−9

Evins et al. 2000

GLY

Clozapine

27

−4

NS

—

—

−7

Tsai et al. 1998b

DSER

Mixed

29

−20

<0.001

−18

0.004

−22

0.004

<0.001

−12

0.001

−13

0.001

a

Heresco-Levy et al. DSER
2005

OLZ/RISP

39

−16

Tsai et al. 1999

Clozapine

20

−3

Conventional

47

−23

Heresco-Levy et al. DCS
2002

Mixed

21a

Goff et al. 1999a

Clozapine

17a

Goff et al. 1999b

DSER
DCS

DCS

a

NS

−1

NS

−4

NS

<0.022

—

—

—

NS

−14

<0.05

—

—

—

NS

+133c

<0.005

—

—

—

NS

NS
b

Note. AP=antipsychotic; NS=not significant; —=not determined; OLZ =olanzapine; RISP=risperidone.
a
Crossover study.
b
Significant difference with Scale for the Assessment of Negative Symptoms only; Positive and Negative Syndrome Scale for Schizophrenia difference
was not significant.
c
Positive value represents significant worsening of symptoms.

(Di Maria et al. 2004) or clinical features of the disorder
(Chiu et al. 2003; Itokawa et al. 2003). Nevertheless, this
remains an area of active investigation.
Confirmed results have been reported for genes that
regulate NMDA functioning indirectly. For example,
D -amino acid oxidase (DAAO) is the primary enzyme
responsible for degrading D-serine in the brain. D-Serine,
in turn, is a primary regulator of NMDA functioning.
Links have been reported between schizophrenia and
both DAAO and G72, a novel protein that regulates
DAAO functioning in primates (Chumakov et al. 2002;
Korostishevsky et al. 2004), with the most active combinations of DAAO and G72 leading to the greatest susceptibility to schizophrenia.
Other confirmed links to schizophrenia, such as neuregulin, dysbindin, RGS4, or GRM3, also affect glutamatergic function and converge on NMDA receptors
(Moghaddam 2003), primarily to produce a hypoglutamatergic state.
We should add that environmental factors that contribute to the development of schizophrenia also may
converge on NMDA receptors. For example, it has been

hypothesized that perinatal hypoxia, an important risk
factor for schizophrenia, leads to neurotoxic degeneration
of NMDA-bearing cells, an effect that may produce only
behavioral symptoms later in development (Olney et al.
1999). Similarly, schizophrenia recently has been associated with decreased plasma levels of the NMDA agonists
glycine (Sumiyoshi et al. 2004) and D-serine (Hashimoto
et al. 2003) and increased levels of homocysteine ( J. Levine et al. 2002; Susser et al. 1998), an agent that may act
as a functional NMDA antagonist. Kynurenic acid levels
also may be high in schizophrenia, whereas glutathione
levels are low (Erhardt et al. 2001; Schwarcz et al. 2001),
potentially affecting NMDA receptor neurotransmission.
To the extent that these abnormalities are confirmed, they
suggest that normalization of metabolic deficits may be
a critical first step in the treatment and prevention of
schizophrenia.

Preclinical Evidence
A final line of evidence supporting glutamatergic theories
of schizophrenia comes from effects of NMDA alterations
in animals. For example, mice with “knockdown” of the
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NR1 subunit (knockouts are lethal) show several behaviors reminiscent of schizophrenia, including hyperactivity
and decreased social affiliation (Miyamoto et al. 2001;
Mohn et al. 1999; Tang et al. 1999). Similar findings are
observed in animals with knockout of only the mice equivalent of the NR2A subunit (Ballard et al. 2002). In contrast, mice with increased NMDA expression or reduced
GLYT1 expression (which presumably increases brain glycine levels) show increased learning ability, which may be
viewed as a protective characteristic against the development of schizophrenia (Tsai et al. 2004b).

Postmortem Evidence
Although postmortem studies cannot, in themselves, provide an etiological basis for glutamatergic dysfunction in
schizophrenia, they can help evaluate potential mechanisms whereby glutamatergic functioning might be impaired. First, it is easy to suspect that NMDA receptors
themselves might be reduced in schizophrenia. Some evidence certainly supports this theory. Decreased expression of NMDA receptors has been reported in both the
hippocampus (Gao et al. 2000), a region implicated in the
memory disturbances associated with schizophrenia, and
the thalamus, particularly in the nuclei with reciprocal
connections to the limbic cortex (Ibrahim et al. 2000).
AMPA receptors also have been reported to be decreased
in these same regions (Eastwood et al. 1997; MeadorWoodruff and Healy 2000), suggesting that both deficits
may operate in parallel.
An intriguing study evaluated patients antemortem
until demise. The findings of the study showed that
NMDA receptors in the temporal cortex were reduced
only in patients who were found to have antemortem cognitive deficits (Humphries et al. 1996), suggesting a direct
link between NMDA dysfunction and cognition. Nevertheless, findings of reduced NMDA expression have not
been completely consistent across studies, and it remains
unclear whether receptor expression alone is enough to
account for the severity of deficit seen in schizophrenia.
An alternative possibility is that the receptors themselves function relatively normally but are dysregulated
because of other factors. For example, in microarray studies of schizophrenia, many of the genes implicated code
for presynaptic proteins, such as RGS4, which would be
expected to affect glutamatergic neurotransmission primarily (Mirnics et al. 2001).
NMDA receptors must “dock” to the protein scaffolding through proteins such as PSD95, which also may be
downregulated in schizophrenia. Similarly, dysfunction of
other systems, such as nicotinic, serotonergic, or dopaminergic, may lead to secondary alterations in NMDA

functioning that may in some patients produce or exacerbate a basic flaw in glutamatergic functioning (see below).

Conclusion
Of the three alleged alterations of neurotransmission associated with schizophrenia discussed in this chapter (increased subcortical DA activity at D2 receptors, decreased
cortical DA activity at D 1 receptors, decreased GLU
transmission at NMDA receptors), the second and third
theories still lack unambiguous direct evidence (Table 6–1).
Direct proof of decreased NMDA function in schizophrenia is lacking because postmortem studies failed to generate a consistent picture, and no method is currently available to study NMDA receptors in vivo in the human
brain. However, a considerable amount of clinical and
preclinical evidence supports the heuristic value of this
model because it potentially accounts for the full spectrum of the illness (positive, negative, and cognitive domains). The significant effects of treatment support this
hypothesis, especially given the fact that current treatments are all natural substances that may potentiate
NMDA responsivity in brain to only a limited extent.

GLUTAMATE–DOPAMINE
INTERACTIONS
A growing body of preclinical and imaging evidence suggests that the DA endophenotype associated with schizophrenia might emerge as a consequence of disconnectivity
of the PFC and its connection involving alterations in
NMDA transmission.

NEURONAL CIRCUITRY MODEL OF GLUTAMATE–
DOPAMINE INTERACTIONS
The activity of DA neurons is modulated by projections
involving GLU transmission from the PFC and other
areas, such as the amygdala and subthalamic nuclei. A
general model for GLU modulation of DA neurons in the
substantia nigra/ventral tegmental area (VTA) is presented in Figure 6–7 (Carlsson et al. 1999; Kegeles et al.
2000; Laruelle et al. 2003). This model provides an anatomical framework relating the three fundamental putative neurochemical dysregulations involved in schizophrenia: 1) a deficit in GLU transmission, 2) a deficit in
cortical DA transmission, and 3) a dysregulation of striatal
DA transmission.
According to this model, the PFC modulates activity
of midbrain DA neurons via an activating pathway (the
“accelerator”) and an inhibitory pathway (the “brake”),

Altered regulation in schizophrenia

Brake system

Activating system

+

A

G
L
U

G
L
U

VST

+

+
+
PPT

F I G U RE 6– 7 .

-

VTA

MC DA

+

PFC

B

G
L
U

VST

+

GABA

ML DA

G
L
U

GLU

+

GABA

+
+
PPT

-

VTA

MC DA

GLU

GABA

ML DA

+

GABA

+

+
GLU

PFC

Neurochemical Theories

Normal modulation

GLU

Neuronal circuitry models of glutamate–dopamine Interactions.

(A) Model of modulation of dopamine (DA) cell activity by cortical projections. This model, adapted from Carlsson et al. (1999), proposes a bimodal modulation of DA activity in
the ventral tegmental area (VTA) by glutamatergic (GLU) projections originating in the frontal cortex. Stimulation of VTA DA neurons by GLU projections is represented on the
left (“activating system”). These neurons exert a tonic excitatory influence on DA activity. Evidence in rodents suggests that direct stimulation of DA neurons by GLU afferents
from the prefrontal cortex (PFC) is restricted to DA neurons that project back to the cortex (mesocortical DA system [MC DA]). Stimulation of mesolimbic (ML) DA neurons by
GLU afferents from the cortex is polysynaptic, involving relays in the pedunculopontine tegmentum or other areas. The “brake system,” represented on the right, exerts an
inhibitory influence on DA activity via N-methyl-D-aspartate (NMDA) receptor–mediated stimulation of VTA γ-aminobutyric acid (GABA)ergic interneurons or striatotegmental
GABA neurons and comes predominantly into play when DA activity is increased (such as from stress). In addition, the brake system regulating ML DA activity is activated by MC
DA projections. (B) Model predicting that a deficiency in NMDA transmission in the cortex would result in decreased MC DA activity and would have unpredictable effects on
ML DA activity under “baseline” conditions. Yet it would result in an increase in stress (or amphetamine)-induced ML DA release. See text for references. VST= ventral striatum.
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which enables the PFC to fine tune dopaminergic activity.
The activating pathway is composed of direct and indirect
GLU projections onto the DA cells and acts preferentially
on mesocortical DA neurons (see discussion and references in Carr and Sesack 2000). The inhibitory pathway
is provided by PFC glutamatergic efferents to midbrain
GABAergic interneurons and to striatomesencephalic
GABA neurons and acts preferentially on subcortical DA
neurons (Jackson et al. 2001). For example, blockade of
GLU transmission in the VTA increases DA release in the
accumbens and decreases DA release in the PFC (Takahata and Moghaddam 2000). This observation illustrates
a GLU-mediated tonic inhibitory regulation of subcortical DA neurons and a tonic excitatory regulation of mesocortical DA neurons.
In schizophrenia, a reduced prefrontal activity, possibly secondary to an NMDA transmission deficiency,
could result in a decrease in mesocortical DA activity (further worsening prefrontal-related cognitive impairment)
and, under conditions of stress (such as stimulation of the
DA system by the amygdala), a failure of the PFC to regulate DA activity properly in subcortical regions (Figure
6–7). If sustained, this dysregulation of subcortical DA
might precipitate positive symptoms.
The scheme presented in Figure 6–7 encompasses
only a limited aspect of GLU–DA interaction, leaving out
interactions at the level of terminals and at the intracellular level. Nonetheless, it provides a general organizing
principle and generates testable hypotheses. Because this
model is derived mainly from rodent studies, its relevance
to humans remains to be ascertained. For example, evidence of glutamatergic projections from the PFC to midbrain DA cell bodies is still lacking in primates.

IMAGING STUDIES OF GLUTAMATE–DOPAMINE
INTERACTIONS
Imaging Studies of the Effect of GLU on
DA Striatal Transmission
Imaging studies reviewed earlier showed that enhanced
amphetamine-induced DA release is a salient endophenotype of schizophrenia. In microdialysis studies that used
rodents (Miller and Abercrombie 1996), acute NMDA receptor blockade resulted in enhanced amphetamine-stimulated striatal DA release. We recently confirmed this
mechanism in humans (Kegeles et al. 2000). Amphetamine-induced decrease in [123I]-IBZM binding changed
from 5.5± 3.5% under control conditions (amphetamine
alone = 0.25 mg/kg) to 12.8 ± 8.8% under conditions of
NMDA blockade, induced by ketamine (P =0.023) (see
Figure 6–8). The increase in amphetamine-induced DA

release induced by ketamine in healthy control subjects
was comparable in magnitude to the exaggerated response
seen in patients with schizophrenia to amphetamine administration (Abi-Dargham et al. 1998; Breier et al. 1997;
Laruelle et al. 1996). These data are consistent with the
hypothesis that the dysregulation of DA function after the
amphetamine challenge in schizophrenia might be a result of a disruption of GLU neuronal systems regulating
DA cell activity.
However, the net effect of acute ketamine administration on GLU transmission is complex. Ketamine blocks
NMDA receptors but also induces GLU release, resulting
in stimulation of other GLU receptors (Moghaddam and
Adams 1998; Moghaddam et al. 1997). Therefore, acute
effects of ketamine might result from either a deficit in
NMDA transmission or an excess of GLU transmission at
non-NMDA receptors. To resolve this issue, Van Berckel
et al. (2001), using PET, examined the effects of the
metabotropic glutamate receptor (mGlu) 2/3 agonist
LY354740 on amphetamine-induced DA release in baboons. Amphetamine-induced DA release measured by
the reduction of [11C]raclopride binding potential was elevated following pretreatment with LY354740. Because
activation of mGlu 2/3 receptors reduces GLU release
(Battaglia et al. 1997; East et al. 1995), this study clarified
the role that the inhibition of GLU transmission plays on
the increase in amphetamine-induced DA release and
provided additional support to the hypothesis that dysregulation of DA function, as shown by the amphetamine
challenge in schizophrenia, might stem from a deficit in
GLU transmission.
A limitation of these studies is that they involved acute
NMDA disruption rather than mimicking or mirroring
what might be a chronic disruption in schizophrenia.
Therefore, studying the effect of sustained NMDA dysfunction on amphetamine-induced DA release will be important in further validating this model.
Importantly, altered amphetamine-induced DA release might be the result of a more general alteration in
cortical development. For example, studies in rodents
found that exposure to the DNA methylating agent methylazoxymethanol (MAM) at embryonic day 17 resulted
in the emergence of behavioral and histological alterations reminiscent of schizophrenia in the adult rat (Flagstad et al. 2004, 2005; Grace 2000). After puberty, the
MAM rat shows increased locomotor response to amphetamine. Microdialysis studies in the MAM rat reported elevated amphetamine-induced DA release in the
nucleus accumbens (Flagstad et al. 2004). This observation suggests that in patients with schizophrenia, this altered response might emerge after puberty as a long-term
consequence of the abnormal embryonic neurodevelop-
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F I G U RE 6– 8 . Ketamine modulation of striatal amphetamine-induced dopamine release in healthy volunteers,
showing a significantly larger release in eight healthy volunteers pretreated with intravenous ketamine compared with
control conditions (repeated-measures analysis of variance, P=0.023).
These data indicate that, in humans, amphetamine-induced dopamine release in the striatum is modulated by glutamatergic circuits
involving N-methyl-D-aspartate transmission. BP= binding potential.

mental processes. The contribution of abnormal GLUmediated cortical regulation of DA function to this altered response to amphetamine in the MAM rat remains
to be elucidated.

Imaging Studies of the Effect of GLU Transmission
on DA Prefrontal Transmission
The model presented in Figure 6–7 also suggests that
a sustained dysfunction of NMDA transmission would result in decreased prefrontal DA function. This hypothesis
has been supported by studies in rodents and primates
showing that chronic exposure to the NMDA receptor antagonists PCP and MK-801 (dizocilpine maleate) results in
decreased DA levels in the PFC (Jentsch and Roth 1999;
Jentsch et al. 1997, 1998; Tsukada et al. 2005). In monkeys,

chronic exposure to the NMDA antagonist MK-801 gradually lowered DA levels in the PFC and gradually upregulated [11C]-NNC-112 in vivo binding in this region but
not in other cortical regions. This finding was highly reminiscent of the increased [11C]-NNC-112 binding observed in patients with schizophrenia in the dorsolateral
PFC but not in other cortical regions (Abi-Dargham et al.
2002). Furthermore, in the Tsukada et al. monkey study,
upregulated prefrontal [11C]-NNC-112 binding potential
was associated with impaired working memory performance, a relation observed in patients with schizophrenia
as well (Abi-Dargham et al. 2002). These data supported
the hypothesis that in schizophrenia, increased [11C]NNC-112 binding potential is a compensatory response to
a sustained deficit in prefrontal DA function stemming
from a sustained deficit in NMDA transmission.
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To further validate this model in humans, D1 receptor
availability was evaluated in a group of subjects who regularly use ketamine for recreational purposes (chronic
ketamine users). This study detected an increase in [11C]NNC-112 binding potential in chronic ketamine users
that reached significance only in the dorsolateral PFC
(Narendran et al., in press). This result indicates that DA
transmission in the human dorsolateral PFC is particularly
vulnerable to the detrimental effects of repeated NMDA
antagonists and generally supports the hypothesis that altered DA transmission in the dorsolateral PFC of patients
with schizophrenia might be a long-term consequence of
deficient NMDA function.

The data reviewed earlier in this chapter are consistent
with the general hypothesis that the DA endophenotype
of schizophrenia might be secondary to sustained NMDA
hypofunction; however, it is also important to examine
how such a DA endophenotype might contribute to or
worsen NMDA transmission.

dez-Lopez et al. 1997; Marti et al. 2002; Morari et al.
1994; West and Grace 2002; Wilson and Kawaguchi
1996).
These opposite effects of D1 and D2 receptor stimulation on NMDA transmission in the striatum might be relevant to both the pathophysiology and the treatment of
schizophrenia. From a pathophysiology standpoint, excess D2 receptor stimulation in schizophrenia, as documented by the imaging studies reviewed earlier, would
inhibit GLU-mediated information flow into corticostriato-thalamic-cortical loops and might worsen an already deficient NMDA transmission. As a result, the ability
of the cortex to send information successfully to be processed in these loops would be impaired. Impairment of
NMDA transmission also would inhibit plasticity in these
loops.
By blocking D2 receptors, antipsychotic drugs restore
GLU transmission in the striatum, the ability of the striatum to receive and process cortical information, and the
plasticity required for the shaping of cognitive processes
by experience. This model also accounts for the fact that
D1 receptor antagonists are not antipsychotic drugs (de
Beaurepaire et al. 1995; Den Boer et al. 1995; Karle et al.
1995; Karlsson et al. 1995).

DOPAMINE–GLUTAMATE INTERACTIONS
IN THE STRIATUM

DOPAMINE–GLUTAMATE INTERACTIONS
IN THE CORTEX

Cortical glutamatergic afferents and DA projections converge on GABAergic medium spiny neurons in the striatum (Figure 6–9) usually on dendritic shafts and spines
(for review, see Kotter 1994; Smith and Bolam 1990; Starr
1995). At this convergence point, DA has potent modulatory effects on GLU transmission (for review, see Cepeda
and Levine 1998; Konradi and Heckers 2003; Nicola et al.
2000). Overall, D2 receptor stimulation inhibits NMDAmediated GLU transmission and long-term potentiation,
and D1 receptor stimulation facilitates GLU transmission
and long-term potentiation (Centonze et al. 2001; M. S.
Levine et al. 1996). The effect of D2 receptor stimulation
on GLU transmission involves both pre- and postsynaptic
effects (Figure 6–9): D2 stimulation inhibits GLU release
and reduces the excitability of medium spiny neurons
(Cepeda and Levine 1998; Cepeda et al. 2001; Leveque et
al. 2000; Nicola et al. 2000; Onn et al. 2000; Peris et al.
1988; West and Grace 2002). In contrast, D 1 receptor
stimulation generally promotes NMDA function and
medium spiny neuron excitability (Figure 6–9), specifically when the cells are in a depolarized “up-state” as a
result of the convergence of excitatory inputs (Dunah and
Standaert 2001; Flores-Hernandez et al. 2002; Hernan-

In the PFC, DA modulates pyramidal cell excitability,
both directly and indirectly, via modulation of GABAergic
interneurons (Mrzljak et al. 1996; Smiley et al. 1994; Yang
et al. 1999). Stimulation of DA receptors located on
GABAergic interneurons is generally viewed as promoting a GABA-mediated inhibition of pyramidal cells (Del
Arco and Mora 2000; Gorelova et al. 2002; Grobin and
Deutch 1998; Seamans et al. 2001b). The effect of D1 receptor stimulation on prefrontal pyramidal neurons is
more complex. Stimulation of D1 receptors enhances excitability of activated neurons and further stabilizes inactivated neurons (Fienberg et al. 1998; Seamans et al.
2001a; Yang et al. 1999). These “activity-dependent” actions of DA, especially at D1 receptors, would allow the
maintenance of firing in circuits activated during the processing of task-relevant information, while reducing the
excitability of neurons that are not receiving sufficient excitatory input and are not relevant to the task at hand.
Thus, DA acts, via D1 receptors, as a “reinforcer” in
prefrontal cellular circuits. First, DA causes direct stimulation of D 1 receptors on pyramidal cells, leading to
potentiation of the response of stimulated pyramidal
neurons and silencing unstimulated neurons. Second, DA

DOPAMINE–GLUTAMATE
INTERACTIONS
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F I G U RE 6– 9 . Opposite modulations of N-methyl-D-aspartate (NMDA) transmission by dopamine (DA) D2 and D1
receptors in γ-aminobutyric acid (GABA)–ergic medium spiny neurons in the striatum.
D2 and D1 receptors inhibit and facilitate, respectively, glutamate (GLU) transmission. Thus, an excess of D2 receptor stimulation in
schizophrenia would further impair NMDA-mediated information flow from the cortex into the striatum. By blocking D2 receptors,
antipsychotic drugs promote NMDA transmission. Conversely, D1 receptor antagonists weaken NMDA transmission and are not
antipsychotic drugs. See text for references.

promotes activity of GABAergic interneurons, contributing to a generalized inhibitory tone or “background noise
reduction” (only neurons subjected to high excitatory inputs escape from this inhibition). Via these mechanisms,
DA enhances the signal to noise in prefrontal circuits
(Gorelova et al. 2002; Seamans et al. 2001b). Thus, a deficit in D1 receptor stimulation in the PFC in schizophrenia might deteriorate function in already compromised
NMDA transmission in the dorsolateral PFC of patients
with schizophrenia.

CONCLUSION
Over the last 40 years, the DA model has been the leading
neurochemical hypothesis of schizophrenia. This model
has proven heuristically valuable, with all current medica-

tions for schizophrenia functioning primarily through the
mechanism of D2 receptor blockade. Yet it is unlikely that
dopaminergic dysfunction, on its own, can fully account
for the wide range of symptoms and neurocognitive deficits seen in schizophrenia. Glutamatergic models provide
an alternative approach for conceptualizing the brain
abnormalities associated with schizophrenia. Whether
glutamatergic deficits are driven by dopaminergic dysfunction or whether they are the drivers remains to be
determined and may vary across patients and across illness
subtypes. Furthermore, the two models produce complementary views of the disorder, with the DA model accounting primarily for positive symptoms and prefrontal dysfunction and the GLU model accounting for negative
symptoms and more global neuropsychological deficits.
At present, no approved medications are available for treatment of either negative symptoms or neurocognitive dys-
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function. New treatment approaches aimed at stimulating
prefrontal DA release and D 1 receptor stimulation, or
potentiating glutamatergic neurotransmission, however,
do offer hope for future clinical development.
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PHOSPHOLIPIDS IN
SCHIZOPHRENIA
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Schizophrenia is a devastating neuropsychiatric disorder
that has no clearly identified pathophysiology. The disorder has a similar incidence (0.6%–1.1%) around the world,
but it progresses at varying degrees of severity (Craig et al.
1997; Eaton 1986; Jablensky et al. 1991). Many hypotheses
about the etiology of schizophrenia based on varying degrees of pathophysiology, psychopathology, and response
to pharmacological agents have been proposed, primarily
focusing on neurotransmitter systems. Current long-term
treatment of schizophrenia includes administering antipsychotic (predominantly antidopaminergic) medication,
enlisting family and community support, providing patient
education, and facilitating rehabilitation. Whereas 50%–
68% of treated patients have long-term favorable outcomes (Hegarty et al. 1994), many obtain less than optimal
results from current medications. The current antipsychotics typically prescribed reduce the most disturbing
symptoms of the disease, such as anxiety, hallucinations,
delusions, and rage, but leave unchanged the most disabling symptoms of the disorder, such as negative symp-

toms and cognitive deficits, and introduce side effects
(Carpenter and Buchanan 1994; Kane and Marder 1993).
Among several pathophysiological hypotheses about
schizophrenia, neuronal maldevelopment and consequent
abnormal neurotransmission—resulting from defective
genes, malnutrition, viral infections, and autoimmune
dysfunction—is one that has attracted general interest. Although several etiopathogenetic mechanisms have shown
promise for explaining the disorder, most do not account
for the multitude of dissimilar clinical and biological characteristics demonstrated in schizophrenic individuals
(Lieberman and Koreen 1993). Moreover, recent studies
have shown that the average reduction in baseline symptoms has been in the range of 12%–18% after administration of either first- or second-generation antipsychotic
medications to normalize the neurotransmitter defects
(Khan et al. 2001). These limitations and the emergent
morbidities, such as weight gain, insulin resistance, cardiovascular problems, and abnormal lipid metabolism,
lead to a decline in the patient’s quality of life and even to
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increased mortality (McIntyre et al. 2001; Wirshing
2003). When these facts are considered together with the
earlier observations by Hegarty and colleagues (1994),
one realizes that the long-term outcomes for today’s patients with schizophrenia are not significantly different
from the outcomes for patients 100 years ago in terms of
ability to maintain employment and reintegrate into the
community. This disturbing realization reflects the limitations of current antipsychotic treatment.
On the other hand, the neuronal membrane pathology
can serve as a point of convergence for the previously
mentioned hypothesis of schizophrenia. The neuronal
membrane is the structural and functional site of neurotransmitter receptors, ion channels, signal transduction,
and drug effects. The membrane also is a point where there
is a natural intersection between genetic and environmental factors. Alternative ideas postulated over the years led
to the phospholipid/fatty acid hypothesis for schizophrenia (Horrobin 1996, 1998; Horrobin et al. 1994; Rotrosen
and Wolkin 1987). Numerous studies have shown that in
both central and peripheral tissue, patients with schizophrenia have increased phospholipid breakdown and decreased levels of various essential polyunsaturated fatty
acids (EPUFAs), particularly arachidonic acid (AA) and
docosahexaenoic acid (DHA) (Peet et al. 2003; Yao 2003).
Phospholipids represent a major class of lipids that are exclusively localized in the cellular membranes of all subcellular organelles, such as plasma membrane, microsomes,
mitochondria, and nuclei. The dynamic state of all membranes, particularly neuronal, is solely dependent on their
phospholipid composition.
The functions and levels of membrane phospholipids
may be altered in response to environmental factors such
as nutrition, physical and emotional stress, temperature,
and infections. Furthermore, membrane damage, specifically free radical–mediated phospholipid peroxidation,
can significantly alter a broad range of membrane functions. A putative role for free radicals in some domains of
schizophrenia pathophysiology has thus been proposed
(Cadet and Kahler 1994; Mahadik and Mukherjee 1996;
Reddy and Yao 1996; Yao et al. 2001). Therefore, membrane dysfunction can be partly secondary to free radical–
mediated pathology. Given the diverse physiological
functions of membrane phospholipids and EPUFAs in
neural growth, differentiation, and survival under a variety of pathophysiological conditions, an elucidation of
their role in schizophrenia pathophysiology may provide
novel strategies for the treatment of this disorder.
In this chapter, we provide a brief introduction on
structural diversity and mechanisms of phospholipid metabolism and then summarize the evidence for phospholipid pathology, possible underlying mechanisms, neuro-

pathological and clinical implications, and therapeutic
potential in schizophrenia.

PHOSPHOLIPIDS AND CELLULAR
MEMBRANES
STRUCTURE AND METABOLISM
The parent compound of phospholipids is glycerol, with
the primary glycerol group esterified to phosphoric acid
at carbon sn-3, and other hydroxyl groups at carbon positions sn-1 and sn-2 are esterified to fatty acids F1 and F2,
respectively (see Figure 7–1). In the brain, four main polar
head groups—choline, ethanolamine, inositol, and serine—
are attached to phosphoric acid at sn-3, and the resulting
phosphoglycerolipids are referred to as phosphatidylcholines, phosphatidylethanolamines, phosphatidylinositols,
and phosphatidylserines, respectively. Fatty acids attached
to carbons sn-1 and sn-2 may be of many types depending
on the length of the carbon (C14 to C26) chains, the number of double bonds in the chain, the precise position of
the double bonds, and whether each double bond is in cis
or trans configuration. F1 fatty acids are generally nonessential saturated or monosaturated, whereas F2 fatty acids
are almost entirely essential polyunsaturated fatty acids.
These differences in substructure (e.g., head groups, type
and position of fatty acids) contribute to the molecular diversity of phospholipids.
The phospholipid composition differs significantly
among the subcellular membranes (plasma membrane,
microsomes, Golgi complex, mitochondria, peroxisomes,
lysosomes, endosomes, vesicles, and nuclei) of every cell
type (Findley and Evans 1990). Phospholipids are organized in a lipid bilayer in which glycerol with fatty acids is
embedded inside and polar head groups align at the surface. Phospholipids are highly enriched in neural membranes (65%) compared with nonneural tissues (15%–
35%) (Horrocks et al. 1982; Suzuki 1981). There are mainly
four types of phospholipids: phosphatidylcholines (45%),
phosphatidylethanolamines (25%), phosphatidylinositols
(10%), and phosphatidylserines (7%). These phospholipids are highly enriched (over 45% of the total fatty acid) in
essential polyunsaturated fatty acids, predominantly AA
and DHA (O’Brien et al. 1965). Phosphatidylcholine is
predominantly localized in the outer layer.

FUNCTIONAL ROLE
The unique phospholipid composition and organization
of neural plasma membrane regulate its wide range of
functions such as cell-cell recognition and contact inhibi-
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General structures and sites of enzymatic breakdown of typical membrane phosphoglycerides.

The three carbons of primary structure (glycerol) are designated sn1, sn2, and sn3. The carbons sn1 and sn2 are esterified with fatty
acids F1 (nonessential fatty acids) and F2 (essential polyunsaturated fatty acids, predominantly arachidonic acid and docosahexaenoic
acid in the brain), respectively. The carbon sn3 is esterified with phosphoric acid, which is esterified by choline, ethanolamine, inositol,
or serine, generating corresponding phosphoglycerides, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, or
phosphatidylserine.
Arrows indicate the sites of the phospholipid breakdown by enzymes—phospholipase A1 (PLA1), phospholipase A2 (PLA2), phospholipase C (PLC), and phospholipase D (PLD)—which are specifically and differentially activated during membrane receptor signal
transduction. EPUFA=essential polyunsaturated fatty acid; non-EFA= nonessential fatty acid.

tion through complex glycoconjugates, ion and nutritional
transport, membrane receptor–mediated signal transduction, and response to a wide range of environmental factors (Figure 7–2). These processes lead to activation of
specific phospholipases that cause generation of a whole
range of phospholipid-derived second messengers such as
AA, DHA, diacylglycerol, inositol polyphosphate, phosphoserine, and prostaglandins and endocannabinoids that
are synthesized from AA and DHA. Particularly, AA plays
a predominant role as a second messenger in signal transduction of several neurotransmitters (e.g., dopamine,
serotonin, acetylcholine, norepinephrine, glutamate) and
of some trophic factors such as basic fibroblast growth
factor, nerve growth factor, and brain-derived neurotrophic factor (Axelrod 1990; Piomelli et al. 1991; Rana
and Hokin 1990). These second messengers alter the cellular physiological response to environment, including by
way of gene activation, and trigger further generation and
propagation of action potential. Furthermore, these physiological responses can also alter the phospholipid metabolism, which may cause adaptive and maladaptive membrane structural changes and thereby alter function. All
these processes are critical to neuronal growth, mainte-

nance, survival, and repair throughout the life span, because all these cellular processes have been found to be altered in patients with schizophrenia.

MEMBRANE PHOSPHOLIPIDS AND
SCHIZOPHRENIA
ALTERED MEMBRANE PHOSPHOLIPIDS AND
POLYUNSATURATED FATTY ACIDS
Peripheral Tissues: Red Blood Cells, Platelets,
Plasma, and Skin Fibroblasts
The rationale for using peripheral tissues to determine
phospholipid pathology in the brain has been that phospholipid metabolism is systemically regulated. That is,
parallel changes in levels of phospholipid EPUFA occur in
brain and peripheral tissues under a variety of pathophysiological situations (Carlson et al. 1986; Connor et al.
1990; Neuringer et al. 1986). Rotrosen and Wolkin (1987)
summarized the earlier studies done on red blood cell
(RBC) and platelet phospholipids from chronically medi-
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F I G U RE 7– 2 . Plasma membrane model depicting the key structural constituents and their functional roles in cell–
cell interaction, interaction with environmental factors, and receptor-mediated signal transduction.
The membrane model shows the phospholipid bilayer, in which are embedded the receptors for neurotransmitters, physiological
mediators and growth factors, transporters for ions and nutritional ingredients, and signal transduction machinery. The phospholipid
bilayer is made up of four major phospholipids (phosphatidylcholine [PC], phosphatidylethanolamine [PE], phosphatidylinositol [PI],
phosphatidylserine [PS]), which are asymmetrically localized (i.e., PC predominantly on outer lipid layer and PE, PI, PS on inner
lipid layer). PE, PI, and PS are highly enriched in arachidonic acid (AA) and docosahexaenoic acid (DHA), which are released by
receptor-mediated phospholipases (PLAs). AA and DHA and their metabolic products, diacylglycerol (DAG), inositol polyphosphates
(IPPs), and prostaglandins, work as second messengers and physiological mediators, including gene modulation, and thus lead to
adaptive and maladaptive cellular changes. EPUFA=essential polyunsaturated fatty acid.

cated schizophrenic patients. The majority of those studies found reduced levels of phosphatidylethanolamine,
a phospholipid rich in AA and DHA. Reduced levels of
phosphatidylethanolamine were also reported in the
RBCs of drug-naive first-episode patients (Keshavan et al.
1993). Subsequently, however, more systematic analyses
of phospholipid and fatty acid levels of RBCs were published from well clinically characterized patients with
chronic schizophrenia (both those taking and those not

taking medication) (Yao et al. 1994) and in patients with
predominantly positive and predominantly negative
symptoms (Glen et al. 1994). These studies clearly demonstrated that reduced level of EPUFAs, particularly lower
levels of AA and DHA, were present in patients with predominantly negative symptoms and a higher severity of
symptoms. It was also demonstrated that the levels of
phospholipids and their bound EPUFAs had been altered
in the cultured skin fibroblasts of drug-naive first-episode
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patients (Mahadik et al. 1994, 1996a). Recent studies of
drug-naive first-episode patients have also reported reduced levels of predominantly AA and DHA (Arvindakshan et al. 2003b; Khan et al. 2002; Reddy et al. 2004). These
studies have indicated that the reduced levels of phospholipid EPUFA pathology may be associated with the onset
of psychopathology and are not related to medication
administered to the patient or to the number of years of
illness.

Brain: Postmortem and De Novo
31
P-Magnetic Resonance Spectroscopy
If altered membrane dynamics plays a role in modulating
the diverse cognitive and perception aberrations found in
schizophrenia, then phospholipid and polyunsaturated
fatty acid (PUFA) abnormalities likely are present in the
brain. Altered levels of phospholipids and their EPUFAs
in postmortem brain tissues from patients with schizophrenia have been reported (Horrobin et al. 1991; Yao et
al. 2000). Specifically, there are decreased levels of phosphatidylethanolamine and phosphatidylcholine with concomitant reductions in total PUFA levels, which were
largely attributable to decreases in AA and, to a lesser extent, its precursors, linoleic and eicosadienoic acid.
De novo magnetic resonance spectroscopy (MRS)
studies have also demonstrated altered phospholipid
metabolism, reduced phospholipid synthesis (reduced
phosphomonoesters), and increased phospholipid breakdown (increased phosphodiesters) in both drug-naive
first-episode patients with schizophrenia and medicated
patients with chronic schizophrenia (Pettegrew et al. 1991;
Stanley et al. 1995; Williamson et al. 1996). Levels of
phosphomonoesters and phosphodiesters were found to
be associated with the severity of psychopathology, particularly negative symptoms (Fukuzako et al. 1996). Recently, multiple lines of evidence have also converged to
implicate oligodendroglial dysfunction, with subsequent
abnormalities in myelin (70%–85% of its mass is lipid)
maintenance and repair underlying the pathogenetic mechanism of schizophrenia, particularly in more severely ill
patients (for reviews, see Bartzokis et al. 2003; Davis et al.
2003).

Correlation Between Peripheral and
Central Findings
Myriad evidence has accumulated that reveals altered
phospholipid and PUFA levels in both the peripheral and
central tissue of patients with schizophrenia. However, it
is necessary to confirm that the peripheral biochemical
findings obtained in schizophrenia correlate with phos-

pholipid/PUFA metabolism in the brain (Smesny et al.
2000). In nonhuman primates, RBC PUFA concentrations
have been shown to reflect levels in the frontal cortex
(Connor et al. 1990). Also, initial work in healthy human
subjects has revealed that brain levels of the phospholipid
breakdown product phosphodiesters (assessed with 31PMRS) correlate with reduced RBC concentrations of DHA
and eicosapentaenoic acid (EPA) (Richardson et al. 2001).
More recently, Yao and colleagues (2002) demonstrated
that such correlations also occur in the peripheral and
central phospholipids and PUFAs of schizophrenic patients. This line of evidence adds validity to using changes in
peripheral lipid levels as a measure in schizophrenia and
further supports the proposed hypothesis that schizophrenia may be a systemic phospholipid disorder (Horrobin 1998).

POSSIBLE MECHANISMS OF
ALTERED PHOSPHOLIPID METABOLISM
Several mechanisms can lead to the type of membrane
fatty acid defects identified in schizophrenia (Figure 7–3).
Some of these mechanisms, such as increased phospholipid
degradation, low dietary intake of essential fatty acids
(EFAs) and their decreased incorporation into phospholipids, and free radical–mediated peroxidation, are examined later in this chapter.

Increased Phospholipid Turnover
Increased
levels of phospholipases (PLAs), particularly PLA2, have
been reported in patients with schizophrenia (Gattaz et al.
1990; Ross et al. 1997). However, the increase in plasma
PLA2 is inconsistent (Katila et al. 1997) and is considered
a generalized “stressor” response (Noponen et al. 1993).
The increased oxidative stress–mediated lipid peroxidation (see later in this section) has also been found to be associated with parallel increase in the PLA2 levels in several organs in animals (Burgess and Kuo 1996).
The discrepancies in previous data could be explained
by the differential changes in the subtypes of the PLA2 enzyme (Nigam and Scheve 2000). The superfamily of PLA2
is divided into three types of enzymes: calcium (Ca2+)–
dependent cytosolic PLA2 (cPLA2), Ca2+-dependent secretory PLA2 (sPLA2), and Ca2+-independent PLA2 (iPLA2)
(Chakraborti 2003). Ross and colleagues (1997) showed
that increased iPLA 2, not Ca 2+-dependent PLA 2, was
found in serum of patients with schizophrenia. The PLA2
levels correlated with general psychopathology scores and
positive symptoms but not with negative symptoms. Recently, Gattaz’s laboratory has replicated their earlier findIncreased degradation by phospholipases.
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F I G U RE 7 – 3. Flow diagram depicting the mechanisms (e.g., impaired antioxidant defense system [AODS]) of
oxidative stress that may lead to membrane phospholipid peroxidative breakdown and its pathophysiological consequences that may contribute to the development of schizophrenia symptomatology.
Source.

Adapted from Yao et al. 2001.

ings of increased PLA2 activities in drug-free schizophrenia
patients, and the increased levels were found in patients
without a response to niacin (Tavares et al. 2003).
In addition to PLA 2, phospholipase C (PLC) and
phospholipase D (PLD) are also involved in phospholipid
degradation (Figure 7–1). The receptor-stimulated hydrolysis of inositol phospholipids, particularly phosphatidylinositol 4,5-bisphosphate (PI-4,5-P2), is initiated by a
specific PLC (Berridge and Irvine 1984). The resulting
diacylglycerol and inositol 1,4,5-trisphosphate (1,4,5-IP3)
lead to activation of protein kinase C (PKC) and elevation
of cytosolic Ca2+, which provides molecular links between
extracellular signals and intracellular events (Nishizuka
1992). Increased PLC activity may be involved in reported hyperactivity of the phosphatidylinositol pathway
in schizophrenia (discussed later in this section).
Low dietary intake of essential polyunsaturated
fatty acids. Unlike saturated/monounsaturated fatty

acids, EPUFAs cannot be synthesized de novo by the mam-

malian body. Therefore, the EPUFA precursors linoleic
(n-6, 18:2n-6) and alpha-linolenic (n-3, 18:3n-3) acid (ALA)
must be ingested through dietary sources. Increased intake of n-6 fatty acids or reduced intake of both n-6 and
n-3 fatty acids can cause deficits in brain and behavioral
development (Simopoulos 1991; Wainwright 1992). A
large degree of variability exists in the quantity of EFAs,
particularly n-3 EFA consumption among different cultures, primarily because of the local availability of these
substances in the diet, in addition to the effects of lifestyle
and consumption of antioxidants (Mahadik et al. 1999b;
Peet et al. 1995). Christensen and Christensen (1988)
found that differences in the clinical outcome of patients
with schizophrenia in different countries studied by the
World Health Organization were related to differences in
the patients’ dietary intake of oils from fish and vegetables, which are rich in n-3 EFAs, ALA, and DHA. In addition, the increased incidence of schizophrenia seen in
children born during the Dutch famine (Hoek et al. 1998;
Hulshoff Pol et al. 2000) suggests that this may have been
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related to a reduced consumption of fresh fruits and vegetables, which are a primary source of antioxidants and
precursor EFAs.
Decreased EPUFA incorporation in phospholipids.

In the brain, in addition to the dietary intake of the EPUFA
precursors n-6 (linoleic acid) and n-3 (ALA) enzymatic
regulation of phospholipid synthesis is significantly influenced by precursor levels and utilization by conversion
into predominantly AA and DHA, respectively (Thompson 1992).
The utilization of precursor n-6 and n-3 EFAs may involve their conversion into AA and DHA, respectively;
transport to the brain; and incorporation into phospholipids. Demisch and colleagues (1992) have shown that incorporation of 14C-labeled AA into platelet phospholipids
was significantly lower in untreated patients (>6 months)
with a schizophreniform or schizoaffective disorder but
not greater than in patients with chronic schizophrenia
compared with normal control subjects. Subsequently,
Yao and colleagues (1996) demonstrated that the total incorporation of 3H-labeled AA in both relapsed and nonrelapsed drug-free patients was significantly lower than in
the same individuals receiving haloperidol treatment or in
normal control subjects. A defective conversion of ALA to
DHA was also found in skin fibroblasts from drug-naive
first-episode patients (Mahadik et al. 1996b). The clinical
significance of possible altered AA incorporation needs to
be investigated systematically.
The effects of antipsychotics on the dietary availability of EPUFAs and their incorporation into membrane phospholipids and hydrolysis
by phospholipases are still unclear, except that haloperidol
reduces EPUFA incorporation in vitro (Horrobin et al.
1994). A variety of antipsychotic drugs also inhibit PLA2
activity (Taniguchi et al. 1988). However, no association
was reported between RBC levels of EPUFAs and the
type and dose of medication in individuals with schizophrenia (Glen et al. 1994; Yao et al. 1994). Treatment with
some newer antipsychotics has been found to increase the
levels of phospholipid AA and DHA in the RBC membranes of schizophrenic patients (Arvindakshan et al.
2003b; Evans et al. 2003; Horrobin 1999; Khan et al.
2002). It has been suggested that this increase may be
partly related to the increased expression of apolipoprotein D, a protein that binds AA. Apolipoprotein D has
been found in rat brain (Khan et al. 2003; Thomas et al.
2001b) and in the plasma of schizophrenic patients
(Mahadik et al. 2002; Thomas et al. 2001a). Recently, its
plasma levels have been found to correlate with the levels
of RBC AA (Yao et al. 2005).
Antipsychotic treatments.

Increased Free Radical–Mediated Membrane
Phospholipid Degradation
Free radicals are also commonly referred
to as the reactive oxygen species, such as superoxides, hydroxyl radicals, and nitric oxides. These are generated in
vivo during many normal biochemical reactions, such as
the mitochondrial electron transfer chain, NADPHdependent oxidase, auto-oxidation of EPUFAs, and catecholamines involving oxygen and nitric oxide.

Free radicals.

Under physiological
conditions, the potential for free radical–mediated damage is kept in check by the antioxidant defense system, which
is composed of a series of enzymatic and nonenzymatic
components. The critical antioxidant enzymes include superoxide dismutase, catalase, and glutathione peroxidase.
These enzymes act cooperatively at different sites in the
metabolic pathway of free radicals. Superoxide dismutase
converts free radicals into hydrogen peroxide, which is
then decomposed into water and oxygen by catalase,
thereby preventing the formation of hydroxy radicals that
initiate lipid peroxidation. Selenium-dependent glutathione peroxidase protects against lipid peroxidation by
converting hydrogen peroxide to water or more critically
by converting toxic hydroperoxides to less toxic alcohols.
The nonenzymatic antioxidants that are also equally important in the overall antioxidant defense systems (AODSs)
are albumin, uric acid, bilirubin, glutathione, α-tocopherol
(vitamin E), ascorbic acid (vitamin C), and β-carotene.
These antioxidants inactivate free radicals by scavenging.

Antioxidant defense systems.

Oxidative stress and membrane phospholipid peroxidation. Oxidative stress is a state in which there is an

increased free radical production and/or inefficient AODS,
which can lead to membrane lipid peroxidation and thus
may contribute to pathophysiology and thereby psychopathology (Figure 7–3). Phospholipid EPUFAs are
highly susceptible to free radical interaction and autooxidation to form peroxyradicals and lipid peroxide intermediates. The existence of such peroxides within cell
membranes results in altered membrane stability, fluidity,
and permeability, and in impaired signal transduction
(Ernster 1993). The brain, which is rich in EPUFAs, is
particularly vulnerable to free radical–mediated damage
(Halliwell 1992).

OXIDATIVE STRESS AND FREE RADICAL
PATHOLOGY IN SCHIZOPHRENIA
Hoffer and colleagues (1954) first proposed a role for free
radicals in the etiology of schizophrenia. Most of the stud-
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ies have generally examined indirect measures of free radical activity because direct measures of free radicals in vivo
are cumbersome. Initial studies done in medicated patients with chronic schizophrenia suggest that free radical
pathology in schizophrenia may be a consequence of firstgeneration antipsychotic treatment, because treatment
with these antipsychotics was found to cause oxidative injury in animals (Cadet and Lohr 1987; Mahadik and Mukherjee 1996). However, studies in drug-naive first-episode
psychotic patients, as well as those in chronic patients
both taking or not taking antipsychotic treatment, suggest
that defects in AODS may play an important role in the
pathophysiological mechanisms of schizophrenia (see
later in this chapter). These studies have found altered
levels of antioxidant enzymes in RBCs and skin fibroblasts, altered levels of antioxidants in plasma, and increased lipid peroxides in both plasma and cerebrospinal
fluid (Mahadik and Mukherjee 1996; Mahadik et al. 1998;
Mukherjee et al. 1996; Reddy and Yao 1996, 2003; Reddy
et al. 1991; Yao et al. 2001). The plasma levels of vitamin E
(Liday et al. 1995; McCreadie et al. 1995), vitamin C
(Suboticanec et al. 1990), albumin (Yao et al. 2000), and uric
acid (Yao et al. 1998) are lower in patients with schizophrenia.
In addition to membrane lipid peroxidation, researchers have found that free radicals in protein oxidation, gene
modification, mitochondrial dysfunction, and neuronal
dendritic and synaptic apoptosis may play a role (Mahadik
et al. 2001; Simonian and Coyle 1996).

Factors That Influence Oxidative Stress
It is well documented that the majority of patients with schizophrenia are heavy smokers
(Leon 1996; Scottish Schizophrenia Research Group 2000).
In addition to numerous other chemicals, cigarette smoke
contains reactive oxygen species, hydrogen peroxide, peroxynitrate, and peroxynitrite (Pryor and Stone 1993). Increased plasma lipid peroxidation products have been reported in heavy smokers compared with nonsmokers.
Plasma levels of lipid peroxidation products return to levels similar to those in nonsmokers after 2 weeks of abstinence (Morrow et al. 1995). These oxidants not only put
the lungs at risk but also seriously affect the central nervous system. Also, a report that heavy smoking by mothers during pregnancy increases the risk for behavioral
problems in children in late adolescence (Fergusson et al.
1998) is compatible with the view that free radicals in the
cigarette smoke may contribute to the abnormal neurodevelopment in some patients with schizophrenia.
Recent study by Hibbeln and colleagues (2003) found
reductions in DHA and EPA but not AA in patients with

Cigarette smoking.

chronic schizophrenia who smoked compared with nonsmokers. However, it is not clear whether patients with
schizophrenia had reduced RBC PUFA levels (a most replicated fact) independent of smoking status because there
was no normal control group. Carefully designed studies
indicate that the altered antioxidant defense, as well as levels of EPUFAs, is not associated with the degree of smoking in schizophrenia patients (Yao et al. 2001).
Among other factors, such as the lifestyle of individuals with schizophrenia, particularly little
or no exercise, high levels of alcohol consumption, and
high-fat and high-calorie diets are unhealthy and prooxidant (Brown et al. 1999). A recent study of patients
with chronic schizophrenia (N=81) found that they had a
higher total calorie intake and high fat intake than the
normal intake for the U.S. population (Strassnig et al.
2003). High caloric intake has been suggested to cause
peroxidative brain damage and cognitive deficits in animals (Sohal et al. 1994). Mechanisms of the effects of
other factors, such as season of birth, prenatal and postnatal birth complications, viral infections, drug use, and the
mother’s alcohol consumption during pregnancy, on fetal
phospholipid metabolism can be very complex and are
discussed in depth (Mahadik et al. 1999a, 1999b, 2001;
McCreadie 1997; Mednick et al. 1988; Reddy and Yao
2003).
Other factors.

Antipsychotics can alter
oxidative stress by altering antioxidant defense enzymes
and generating reactive oxygen species (Mahadik et al.
2003a). Generally, typical antipsychotics such as haloperidol can increase oxidative stress by impairing antioxidant
defense and increasing monoamine metabolism, and via
its conversion to a free radical (Jedding et al. 1995; Mahadik and Mukherjee 1996; Mahadik et al. 1999b, 2003b).
The increased oxidative stress then will contribute to free
radical–mediated EPUFA loss, whereas atypical antipsychotics do not increase oxidative stress in rat brain because these agents do not reduce the expression of antioxidant enzymes and do not increase lipid peroxides similar
to haloperidol (Parikh et al. 2002). Rather, atypical antipsychotics such as clozapine, olanzapine, and risperidone
can improve the levels of RBC antioxidant enzymes, reduce plasma lipid peroxides, and increase levels of RBC
EPUFAs in patients (Evans et al. 2003; Horrobin 1999;
Mahadik et al. 2003a). However, altered blood antioxidant enzymes and related trace elements have been reported in patients with clozapine-induced agranulocytosis
(Liday et al. 1995). In addition, the contribution of a very
high caloric (food) intake (known to increase oxidative
stress) by clozapine and olanzapine is still unknown.

Antipsychotic treatments.
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PATHOPHYSIOLOGICAL SIGNIFICANCE
As discussed earlier, the phospholipids that are particularly enriched in AA and DHA are critical for normal
brain and behavioral development and for their maintenance and functional performance throughout life
(Bourre et al. 1992; Simopoulos 1991; Wainwright 1992).
Therefore, altered phospholipid metabolism in schizophrenia may contribute to abnormal neurodevelopment
and altered membrane receptor–mediated signal transduction by growth factors and neurotransmitters. It is also
important to point out that the richness of the molecular
diversity of these phospholipids in almost every tissue in
the body may affect, in addition to brain function, other
sensory functions, immunity, and serious medical morbidities such as cardiovascular disorders and type II diabetes.

Abnormal Neurodevelopment and
Membrane EPUFA Deficits
There is overwhelming evidence that abnormal neurodevelopment is associated with schizophrenia (Weinberger
1996). This includes the following findings: impaired psychomotor and neuropsychological development (“neurointegrative defect”) in children genetically at risk for
schizophrenia (Fish et al. 1992), premorbid dysfunction
(Cannon et al. 1997), and minor physical anomalies (Gupta
et al. 1995; Lane et al. 1997). Brain structural studies have
reported altered in vivo morphology (Degreef et al. 1992;
DeLisi et al. 1992; Lawrie and Abukmeil 1998; Lieberman et al. 1992; Suddath et al. 1990) and postmortem
neuropathology (Arnold et al. 1998; Glantz and Lewis
2000; Heckers 1997; Selemon et al. 1995). These studies
have indicated, in particular, the differential reductions in
volumes of certain brain regions, disorganized neuronal
networks, and increased ventricular size. All of these
changes likely predate (i.e., begin during neurogenesis)
the onset of illness, and these areas progressively deteriorate by way of proposed increased “pruning” (excessive removal of nerve endings and processes) but not by classical
degeneration (Keshavan et al. 1994).
Although such a neurodevelopmental hypothesis
seems highly tenable, there must be a biochemical substrate through which the gene–environment interactions
are expressed. Phospholipids, specifically AA and DHA,
are highly involved in the developmental process. Reduced AA may explain reduced dendrites and synapses because it activates phosphorylation of growth-associated
protein-43 (GAP-43), a key protein that contributes to
dendrite growth and synaptogenesis (Benowitz and Routtenberg 1997). Furthermore, the proposed apoptosis may
occur in schizophrenia (Catts and Catts 2000; Margolis et

al. 1994) under increased oxidative stress (which is known
to trigger apoptosis) (Wood and Youle 1994) and under
reduced levels of growth factors (Bersani et al. 1999;
Parikh et al. 2003). Apoptotic neuronal, dendritic, and
synaptic loss could explain, at least in part, excessive pruning loss of dendritic and synaptic processes contributing
to progressive deteriorating course of illness in some patients (Davis et al. 1998; Jaskiw et al. 1994; Nair et al.
1997). It is also important to indicate that the cultured
skin fibroblasts from drug-naive first-episode patients had
increased oxidative stress, altered levels of phospholipids
and EPUFAs, reduced rate of growth and adhesion, increased senescence, and reduced response to growth factors (Mahadik and Mukherjee 1996).

Membrane Receptor–Mediated
Signal Transduction
Phospholipid pathology may be the most important factor
in the suggested abnormal receptor-mediated signal
transduction of several neurotransmitters (e.g., dopamine,
serotonin, glutamate, acetylcholine, γ-aminobutyric acid,
and norepinephrine) and growth factors in schizophrenia
(Hudson et al. 1993; Mahadik et al. 2001). This may happen by two ways: by way of altered phospholipid-dependent fluidity (Yao and van Kammen 1994) and by altered
phospholipid-derived second messengers such as AA, DHA,
diacylglycerol, inositol polyphosphates, prostaglandins,
cytokines, and endocannabinoids that are generated by
these neurotransmitters and growth factors (Yao and van
Kammen 2004). Therefore, depleted levels of second
messengers including AA may be one of the key factors in
possible altered membrane signal transduction and neuronal deficits in schizophrenia (Skosnik and Yao 2003; Yao
and Reddy 2003).
Hyperactivity of phosphoinositide pathways.

Increased turnover of platelet phosphatidylinositol was
found in both drug-treated and drug-free patients (Das et
al. 1992; Yao et al. 1992) but was not found in drug-naive
patients (Essali et al. 1990). The increased production
of IP 3 may be because of an increase in the precursor
PI-4,5-P2, associated with a desensitization of the intracellular IP3 receptor by neuroleptics (Das et al. 1992). On
the other hand, Zilberman-Kaufman and colleagues
(1992) reported an increased inositol-1-phosphatase in
RBC of patients with chronic schizophrenia. Similarly, an
increased formation of diacylglycerol has also been reported in patients with schizophrenia (Kaiya et al. 1989;
Yao et al. 1996). Further, the hyperactivity of the G-protein–coupled phosphatidylinositol signaling system in
schizophrenia has also been demonstrated in the post-

126

THE AMERICAN PSYCHIATRIC PUBLISHING TEXTBOOK OF SCHIZOPHRENIA

mortem brain to differ from that of major depression and
bipolar mood disorder (Jope et al. 1998).
A variety of biologically active metabolites,
which are derived from the newly released AA through the
concerted reactions of cyclooxygenase and lipoxygenases,
are collectively referred to as eicosanoids or prostaglandins,
which modulate neural cell function as well as play a role in
pathophysiological processes (Bazan 1999). A deficiency of
prostaglandins has previously been related to schizophrenia (Horrobin 1977). One of the AA metabolites, prostaglandin D2 (PGD2), mediates vasodilatation during the inflammatory response. Therefore, reduced AA availability
may explain in part a variety of clinical observations such as
absence of arthritis and some inflammatory diseases, greater
resistance to pain, and remission of psychosis during fever
that are usually ignored by the receptor-based etiological
hypotheses (Horrobin 1998).

Eicosanoids.

Use of cannabis, ∆-9-tetrahydrocannabinol, induces psychosis that has been suggested to resemble schizophrenia psychopathology (Halikas et al. 1972; Thacore and Shukla 1976). The brain
contains two endogenous cannabinoid receptor (CB 1)
ligands, anandamide and 2-arachidonoylglycerol. Localization of CB1 system in cortical and limbic brain areas
suggests its possible role in neurocognitive deficits and
behavior functions in schizophrenia (Emrich et al. 1997).
Moreover, CB1 closely interacts with the dopaminergic
system, which is implicated in schizophrenia pathology.
Endocannabinoid system.

CLINICAL IMPLICATIONS
Clinical implications of the type of phospholipid pathology may also represent a very broad range of symptoms,
with varying degree of severity and course, which are general characteristics of schizophrenia. Each patient may
represent a unique phenotype based on the molecular diversity of phospholipid pathology combined with pathophysiological heterogeneity and their susceptibility to
further change with the influence of environmental factors. Further support for these studies will be based on the
reduced clinical severity by dietary supplementation of
antioxidants and EPUFAs (see subsection “Therapeutic
Implications” later in this chapter).

Psychopathology/Outcome
Christinsen and Christinsen (1988) first reported an association between clinical outcome (severity of symptomatology and course) and the intake of dietary fat (discussed

previously). Patients with dietary intake of fat from fish
and vegetables (rich in n-3 EPUFAs and antioxidants) had
better outcomes compared with those of patients with
dietary intake of fat from farmed animals (poor in n-3
EPUFAs and antioxidants and higher in calories). Subsequently, Glen and colleagues (1994) reported that the
reduced RBC AA and DHA were present in patients with
predominant negative symptoms (typical of poor outcome) but not in patients with positive symptoms. Peet
and colleagues (1995) also showed that the dietary intake
of EPUFAs was correlated with levels of RBC EPUFAs
and the severity of psychopathology. One study has reported a significant relationship between AA or DHA and
degree of symptom severity in early psychotic nevermedicated and medicated-chronic patients with schizophrenia (Arvindakshan et al. 2003b). Further investigations
are needed to clarify whether AA has a role in the development, illness presentation, and treatment of schizophrenia
and related disorders.

Abnormal Involuntary Movements:
Tardive Dyskinesia
There is evidence that movement disorders are part of the
psychotic disorders and that older (atypical) antipsychotics exacerbate these, particularly tardive dyskinesia (TD)
(American Psychiatric Association 1980; McCreadie et al.
1995). This finding suggested the role for reduced EPUFAs
in TD. Decreased platelet membrane fluidity in TD patients (Zubenko and Cohen 1986) was an initial indirect
piece of evidence. Vaddadi and colleagues (1989) subsequently found that psychiatric patients with TD (mostly
schizophrenia) had lower n-6 and n-3 fatty acid levels in
RBCs than patients without TD. Additionally, the magnitude of the decrease in PUFAs increased as TD severity
increased. Peet and colleagues (1993) found that TD patients had higher levels of plasma lipid peroxides and
lower RBC EPUFAs than non-TD patients did. A more
recent finding indicates that newer (atypical) antipsychotics that do not induce oxidative stress and increase lipid
peroxides in rat brain also do not induce extrapyramidal
symptoms (Parikh et al. 2002).
It was hypothesized that these differences in EPUFA
levels in the TD subpopulation were caused by dietary
factors, drug therapy, and hospitalization status (Vaddadi
et al. 1989). Although it is unclear as to the mechanism or
connection between these findings and schizophrenia,
there is now evidence that low plasma AA levels are associated with increased risk for dyskinesias in the general
elderly population (Nilsson et al. 1996).
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Pediatric Behavioral, Neurological, and
Language Disorders
Several pediatric behavioral, neurological, and language
disorders, such as dyslexia (Richardson et al. 2003), autism,
and Asperger’s syndrome (Bell et al. 2003), and attentiondeficit/hyperactivity disorders (Arnold et al. 1994; Burgess and Stevens 2003) have been found to be associated
with altered levels of phospholipids EPUFAs. Some of
these disorders are associated with increased risk for subsequent development of adult psychotic disorders (Keshavan et al. 2003b). Dyslexia is a developmental disorder
that is marked by visual dysfunction and difficulties in
learning to read and write. It has been noted that dyslexia
is associated with increased schizotypal personality features and shares many of the neuropsychological features
of schizophrenia, including language, attentional, and
working memory deficits (Maher 1991; Richardson 1994).
Initial studies in a small group of schizophrenic patients
have shown impaired electroretinogram in patients with
reduced levels of RBC DHA (Peet et al. 2003). Likewise,
receptive language difficulties have been observed repeatedly in both schizophrenic patients and in the siblings of
individuals with schizophrenia spectrum disorder (Condray et al. 2002). It is possible that because these disorders
are also found to be associated with increased risk for subsequent development of adult psychotic disorders (Keshavan et al. 2003a), these illnesses are related, albeit qualitatively different, and represent a continuum of membrane/
phospholipid spectrum disorders.

Decreased Niacin-Induced Flushing
It is well known that the B vitamin niacin (nicotinic acid)
induces a flushing response on the skin when orally administered at high doses. The molecular mechanism involves the niacin receptor–mediated release of AA, which
is subsequently converted into prostaglandin D2 (PGD2)
by cyclooxygenase. PGD 2 induces vasodilation and increased blood flow (Morrow et al. 1989). Therefore,
schizophrenia patients with reduced levels of AA will have
decreased niacin-induced flushing. It has been known for
several decades that the majority of schizophrenia patients
with predominantly negative symptoms, who have consistent reduced levels of AA and DHA, fail to flush when
given oral doses of niacin, particularly those who exhibit
low levels of AA (Horrobin 1980; Waldo 2003).

THERAPEUTIC IMPLICATIONS
Investigating PUFAs metabolism has proved fruitful for
generating and testing novel etiological hypotheses and

new therapeutic agents for schizophrenia (Fenton et al.
2000). Oxidative stress–mediated peroxidation and availability and use of EFAs (linoleic acid and ALA, precursors
of AA and DHA, respectively) can influence the phospholipids-EPUFA metabolism. It is conceivable that such membrane perturbations occur at early stages of illness and
continue and perhaps worsen during the course of schizophrenia. Supplementation of antioxidants and EPUFAs
may thus provide an alternative approach to examining
the clinical relevance of PUFA deficits in schizophrenia.
Evidence indicates that the dysregulation of phospholipid metabolism may be related primarily to availability
and/or metabolism of EPUFAs in patients with schizophrenia. Studies for the past 50 years have shown that disorders associated with EPUFA deficits can be prevented,
and some of the cellular pathophysiologies can be corrected, by proper supplementation in the diet. Supplementation with antioxidants such as vitamins A and C and
beta-carotene alone can prevent the loss of membrane
EPUFAs and restore part of the EPUFAs. However, supplementation with a combination of antioxidants and EPUFAs may be preferred for more effective correction of
EPUFA deficits. Also, because neuroleptics are still the
drugs of choice for the effective control of psychosis, the
most serious symptom of schizophrenia, adjunctive treatment with antioxidants and EPUFAs may prove important in the early course and outcome of schizophrenia and
in the reduction of serious comorbidities.

Factors Influencing the Efficacy of
Dietary PUFA Supplementation
Previous studies in EPUFA or antioxidant supplementation were carried out mainly in patients with chronic schizophrenia who had been treated with a variety of typical and/
or atypical antipsychotic drugs. Several important issues
concerning clinical design should be addressed.
Age and duration of illness. It is generally accepted
that antioxidant defense declines and EPUFA degradation increases in subjects with age over 55 years, and the
duration of illness and antipsychotic treatment may also
contribute to increased membrane pathology. Fenton and
colleagues (2001), who did not find any therapeutic improvement in patients with chronic schizophrenia after
EPA supplementation, have suggested that such treatment may be beneficial in younger patients at their early
stages of illness (Fenton et al. 2000).

Recently, dietary
supplementation with EPA, a precursor of DHA, has
shown promising results in decreasing some of the clinical

Source of EPUFA and antioxidants.
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symptoms of schizophrenia (Peet et al. 2001; Puri et al.
2000; Richardson et al. 2000) and improving cognitive
performance in patients with dyslexia and attention-deficit/hyperactivity disorder (Richardson et al. 2003). Alternatively, a mixture of EPA and DHA supplements may
also be used to correct PUFA deficits (Arvindakshan et al.
2003a). On the other hand, both vitamins E and C are
needed to provide antioxidant defense in membrane and
cytosol, respectively.
It is known that high doses of EPUFAs, if not
balanced with dietary antioxidants, may increase levels of
toxic peroxides (Rafalowska et al. 1989). Recent data indicate that the dose of 2 g of EPA alone or 180:120 mg
EPA:DHA three times per day may be adequate. The dosage for vitamins E and C may be 400 IU and 500 mg, respectively, twice per day.

Dosage.

The dose of both EPUFAs and antioxidants depends very much on the patient’s dietary intake
and total caloric intake, because caloric intake of greater
than 2,600 calories is known to increase the EPUFA peroxidative breakdown.

Caloric intake.

Duration of treatment. Earlier studies suggested that
supplementation for at least 4 months is required to restore
RBC as well as brain membrane EPUFAs to steady-state
levels (Mahadik and Evans 1997). However, one study
demonstrated that supplementation with EPA had therapeutic effects within a few weeks, indicating a possible indirect role for EPA or for its metabolites (Peet et al. 2001).

Typical antipsychotics such as
haloperidol have pro-oxidant properties (Jedding et al.
1995), whereas some atypical antipsychotics may have neuroprotective effects against oxidative cell injury by way of
increased AODS (Parikh et al. 2002). These medications
can also affect EPUFA metabolism (Horrobin et al. 1994).
Thus newer atypical antipsychotics not only have antioxidant effects but also improve membrane EPUFA levels
(Horrobin 1999; Khan et al. 2002; Mahadik et al. 2003a).

Adjunctive medication.

Placebo control. Because all psychiatric disorders
show a significant placebo effect on symptom reduction,
well-designed placebo-controlled, dose-ranging studies
would be critical for determining the therapeutic effects
(Peet and Horrobin 2002).

Supplementation of Antioxidants
A total of 14 studies have been done using primarily
vitamin E (800–1,600 IU daily) supplement in chronic
schizophrenic patients with TD (Adler et al. 1999; Mahadik

and Gowda 1996; Reddy and Yao 1996). All but two studies (Adler et al. 1999; Shriqui et al. 1992) have found vitamin E to be beneficial in controlling some symptoms of
TD and psychopathology. These studies have clearly indicated that vitamin E (800–1,600 IU daily) is efficacious
if given to patients younger than 45 years and within
5 years of onset of TD. This observation has been interpreted as indicating that the use of antioxidant supplements may prevent the deteriorating course at early stages
of illness (Mahadik and Gowda 1996; Mahadik and Scheffer 1996; Peet et al. 1993; Reddy and Yao 2003).

Supplementation of Essential Fatty Acids
Specific findings from the most recent studies with supplementation of only EPA and/or DHA are described here.
Findings from a dose-ranging study using ethyl-EPA (placebo, 1, 2, or 4 g/day for 12 weeks) in patients with persistent schizophrenia symptoms taking clozapine or another atypical antipsychotic (olanzapine, risperidone, or
quetiapine) or one of the typical psychotics have been
published (Peet and Horrobin 2002). Placebo consisted of
4 g/day of liquid paraffin and had no complications, since
liquid paraffin has been used up to 15–30 g/day as a laxative. No serious adverse effects were reported. It was concluded that 2 g/day had the maximum therapeutic effect.
However, patients taking typical antipsychotics and new
atypical drugs did not show improvement over that seen
with the patients receiving placebo, who showed very significant improvements from baseline. The clozapine
group had very little placebo effect, and therefore responses to the 2-g dose of ethyl-EPA were substantially
better than placebo. The elevated levels of membrane
EPA or DHA did not show correlation with clinical improvements, but levels of AA did show strong correlation.
The authors explained this finding as an inhibition of AA
incorporation by ethyl-EPA in membranes. However,
ethyl-EPA is a potent inhibitor of PLA 2 that may upset
some of the effects on AA. Because these studies found a
therapeutic effect of 2 g ethyl-EPA in a small group of patients, further work is needed to explore the full therapeutically potential EPUFAs.
Finally, because most of the published studies that
have reported therapeutic effects of EPUFA supplementation in schizophrenia have been done by a small group
of investigators, it will be important to have replication
studies done by many other investigators. It may even be
preferable to do multinational studies, in which patients
differ significantly in their racial background, lifestyle, socioeconomic status, and dietary patterns because all of
these factors have a significant influence on membrane
phospholipid EPUFA metabolism.
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Supplementation of a Combination of
Antioxidants and EPUFAs
As was discussed previously, increased oxidative stress–
mediated EPUA peroxidative degradation, as well as defective phospholipid EPUFA metabolism, exists in
schizophrenia, so the use of a combination of EPUFAs
and antioxidants (e.g., vitamins E and C) for supplementation may be preferable (Mahadik et al. 2001). Antioxidants have been found to be very effective in protecting
membrane EPUFAs in addition to preventing oxidative
damage of vital cellular proteins, mitochondria, and DNA.
Earlier studies also used only vitamin E, and supplementation with vitamin C, an effective intracellular antioxidant, has not yet been tried.
One study reported the effects of 4-month supplementation of a combination of EPA:DHA (360:240) and
vitamins E:C (800 IU:1 g) per day in two equal doses in
34 chronic schizophrenic patients whose medication
(both typical and atypical antipsychotics) had been stabilized (Arvindakshan et al. 2003a). All the patients showed
over 25% reductions in most of the psychopathological
scores, and these effects were significantly sustained up to
4 months after termination of supplementation. This
study, though, did not have a placebo group. However, the
membrane EPA and DHA levels were elevated from baseline to equal or even slightly higher than those in matched
control subjects without any change in the plasma lipid
peroxides. This outcome indicated that low-dose EPUFA
treatment is adequate to correct the preexisting membrane EPUFA deficits and probably antioxidants prevented the degradation. Pretreatment AA levels were similar to those in control subjects, being significantly
reduced at posttreatment and returning to pretreatment
levels after 4 months of termination of supplementation.
This finding suggests that supplementation of omega-3
EPUFAs such as EPA alone (Peet and Horrobin 2002), or
a mixture of EPA and DHA as in this study, probably reduces AA incorporation in membranes by competition.
Further placebo-controlled supplementation studies
with a combination of EPUFAs (EPA+DHA) and a mixture
of vitamins E and C should be preferably considered. Although EPA is found to be effective in reducing some symptoms, it is not a major membrane fatty acid. Levels of its metabolites such as eicosanoids may increase at high doses.
These metabolites have not been found to be therapeutic
and may have some unwanted effects. Also, the reduction of
membrane AA levels either by competition for incorporation or by inhibition of PLA2 is not good idea. Normal
levels of membrane AA and PLA2 are critical for membrane

receptor–mediated signal transduction of several neurotransmitters and growth factors in schizophrenia.

CONCLUSION
We do not wish to detract from the importance of developing safer and more efficient antipsychotics. However, it
is tempting to suggest that the dietary supplementation of
antioxidants and n-3 fatty acids with current conventional
pharmacotherapy may be timely. The current therapy is
very limited in reducing the negative symptoms and improving cognitive performance and in slowing down the
deteriorating course of illness to improve clinical outcome with acceptable quality of life of patients. Nevertheless, for effective augmentation with these supplements,
the knowledge of the molecular nature of abnormal phospholipid-EPUFA metabolism and its relationship to the
degree of psychopathology within subjects is still missing.
This lack of knowledge about the relationship between
abnormal phospholipid-EPUFA metabolism and psychopathology is partly a result of the large number of factors
involved in phospholipid metabolism, some of which are
very difficult to control for, and partly due to the molecular diversity of phospholipids.
There is also need for a study involving a large number
of drug-naive first-episode patients and well-matched
control subjects that controls for dietary and socioeconomic status in addition to usual age, gender, and ethnic
origin—a very difficult undertaking in a community setup.
This may be partly possible in cohorts from U.S. Army
personnel or better yet in cohorts in countries, such as India and China, in which the population is racially homogeneous, reasonably stable, and has similar lifestyles. Furthermore, it is important to establish the relationship
between biochemical indices of oxidative stress and oxidative phospholipid-EPUFA degradation, and psychopathology at baseline and intermittently over a 2-year follow-up period. It is also necessary to investigate the effects
of current medications on these indices. Regarding the
molecular nature of pathology, although evidence points
to the involvement of endogenous antioxidant enzyme
genes, phospholipases, fatty acid carrier proteins, and desaturases, systematic studies are warranted.
Another important issue is the time of initiation of pathology. If it has prenatal origin, it may be important to
have dietary supplementation during this period. The
benefits of supplementation in adults may be limited because the adult brain may be difficult to remodel.
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Neurodegenerative features of schizophrenia were noted
by Kraepelin, who described “dementia praecox” as a progressive illness with a deteriorating clinical course (Kraepelin 1919). Originally, the hypothesis of schizophrenia as
a progressive neurodegenerative disorder was supported
both by Alzheimer and by Southard, who in the early
twentieth century reported loss of cortical neurons and
cerebral atrophy in postmortem tissue (Bogerts 1999).
However, most subsequent studies were unable to replicate these early findings, and the concept of schizophrenia
as a neurodegenerative disorder largely faded. The articulation of schizophrenia as a neurodevelopmental disorder in the 1980s found broad support, given the absence
of classic neurodegenerative features and the epidemiological studies that found associations between early life
insults and a higher incidence of schizophrenia (Murray
and Lewis 1987; Weinberger 1987).
The neurodevelopmental hypothesis states that early
life environmental insults (e.g., infection, trauma) can alter the course of neurodevelopment to yield static brain
deficits that later manifest as psychosis. This hypothesis
has clearly advanced our understanding of schizophrenia

with regard to the influence of developmental factors in
the etiology of the disorder. However, this perspective is
unable to account for several cardinal features of schizophrenia, including the long period of symptomatic dormancy between the early life insults and the eventual
manifestation of clinical symptoms, the progressive loss of
function that affects a substantial proportion of patients,
evidence for progressive structural changes in multiple
brain regions, and evidence that antipsychotic medications can modify the course of illness.
By definition a neurodegenerative disorder is a progressive disease of the nervous system that is initiated by
specific biochemical changes—often with an underlying
genetic basis—that ultimately lead to a distinct histopathology with associated clinical manifestations (Hardy
and Gwinn-Hardy 1998). The onset of clinical symptoms
depends on interactions of the underlying pathophysiology with normal maturational processes as well as the individual’s capacity for adaptive neuroplastic responses and
their cognitive reserve. Neurodegenerative disorders may
remain clinically dormant until a threshold level of pathophysiological damage has occurred. The absence of a

This work was supported in part by National Institute of Mental Health (NIMH) grants MH01752 and MH60352 and the UNC
Schizophrenia Research Center and by a grant from the NIMH Silvio O. Conte Center for the Neuroscience of Mental Disorders
(MH64065).

137

138

THE AMERICAN PSYCHIATRIC PUBLISHING TEXTBOOK OF SCHIZOPHRENIA

Developmental
stage

Fetal, infancy,
and childhood

Puberty and
adolescence

Early adulthood

Mid-adulthood

Senescence

Normal

Functional
level

PSYCHOSIS
ONSET

Severely
impaired

Illness stage

Premorbid

Pathophysiological
stage

F I G U RE 8– 1 .

Prodromal

Neurodevelopmental
processes

Progressive

Chronic

Limited neurodegenerative
processes

Proposed neuroprogressive model of schizophrenia.

The model incorporates a limited neurodegenerative process within a neurodevelopmental framework. The solid line in upper portion
of figure represents the average functional level over the lifetime of patients with schizophrenia superimposed on the intersection of
neurodevelopmental (darkly shaded area to left) and neurodegenerative (lightly shaded area to right) processes. It is hypothesized that the
mechanism(s) that underlie the progressive events are most active around the onset of psychosis and diminish with time.

pathognomonic cellular phenotype in schizophrenia has
been cited as evidence against a neurodegenerative hypothesis (Weinberger and McClure 2002). However, a set
of subtle yet increasingly reproducible histopathological,
neurochemical, and neurostructural deficits is emerging.
Although these deficits appear nonspecific and are not
found in all patients with schizophrenia, the pathology
may reveal more distinct biochemical and histological
characteristics as novel and more sensitive cellular and
molecular techniques are brought to bear on the illness.
Further, recent evidence suggests that certain clinical and
neurostructural features are progressive—a feature that is
consistent with a neurodegenerative component.
In this chapter, we advance the hypothesis that schizophrenia represents a limited neurodegenerative disorder
with neurodevelopmental antecedents (see Figure 8–1).
We review clinical, neurocognitive, neuroimaging, and
neuropathological studies in a critical analysis of this hypothesis. We then review specific mechanisms that could
contribute to the progressive features of schizophrenia,
including the potential roles of apoptosis, excitotoxicity,
oxidative stress, and neurochemical sensitization.

PSYCHOPATHOLOGY AND
NEUROCOGNITIVE DEFICITS
Given the genetic and early life events that have been
linked to schizophrenia, the pathophysiological onset of
schizophrenia clearly predates the onset of psychosis. The

presymptomatic period is generally known as the premorbid
phase, whereas the period that encompasses nonspecific
psychiatric symptoms without psychosis is termed the prodromal phase. Not surprisingly, substantial data indicate that
the premorbid phase of schizophrenia is characterized by
subtle cognitive, social, and motor deficits. From this baseline of mild impairment, most patients with schizophrenia
begin to experience deterioration in their overall level of
function during the prodromal phase of illness, and this deterioration typically accelerates following the formal onset of psychosis (Huber et al. 1980; Lieberman et al. 2001b;
Pfohl and Winokur 1982). Interestingly, the functional deterioration is not inexorable; it is generally limited to the
first 5 years after the onset of psychosis after which a plateau is reached (McGlashan 1988). A longitudinal study
measuring social adjustment found that deterioration was
generally limited to the first year of illness after which it remained stable for over a decade (Mason et al. 1996).
Although most would agree that the functional level of
patients with schizophrenia declines after the onset of
psychosis, the basis for this decline remains uncertain.
One possibility is that the psychopathological dimension
of schizophrenia—positive, negative, and cognitive symptoms—contributes to the functional decline. Although it
might seem that positive symptoms ought to be associated
with a decline in function, most studies have found that
positive symptoms correlate poorly with functional outcome (Green 1996). Further, several studies report that
positive symptoms do not tend to progress or worsen after
the first year of illness (Eaton et al. 1995; Mason et al.
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1996). On the other hand, it appears that negative symptoms are at least somewhat correlated with overall level of
function and long-term outcome (Buchanan and Gold
1996). One study found that primary negative symptoms
progressed in severity over the first 5 years after the onset
of psychosis and that development of the deficit syndrome
was associated with poor outcome and long-term disability (Fenton and McGlashan 1994). However, first-episode
patients had lower rates of the deficit syndrome than patients with chronic schizophrenia (Mayerhoff et al. 1994),
and Eaton and colleagues (1995) found that negative symptoms were stable after the first 2 years of illness. Thus it appears that progression of negative symptoms may occur in
a subset of patients following the onset of psychosis, and,
for these patients, negative symptoms may be associated
with worsening functional status.
Mounting data indicate that the strongest predictor of
overall functional outcome in schizophrenia is neurocognitive function (Green et al. 2000). Therefore, deteriorating neurocognitive function could represent a cause of
functional decline. Whereas early studies described the
presence of progressive cognitive impairment in individuals with schizophrenia (Abrahamson 1983; Bilder et al.
1992; Smith 1964), a number of subsequent studies have
not found such evidence (Rund 1998). Studies have found
cognitive decline in chronically institutionalized geriatric
patients (Friedman et al. 2002; Harvey et al. 1999). However, a study of older outpatients found no differences in
age-related cognitive decline (Eyler Zorrilla et al. 2000),
and a longitudinal study of neuropsychological deficits in
a cohort with a mean age of approximately 50 years found
cognitive function to be stable (Heaton et al. 2001). Crosssectional comparisons of cognitive functioning in firstepisode and chronic schizophrenia have found similar degrees of impairment, further suggesting that cognitive deficits do not generally progress (Addington and Addington
2002; Moritz et al. 2002; Saykin et al. 1994). Longitudinal
studies in first-episode patients have found either no progression (Hoff et al. 1999) or even improvement of cognitive impairments (Nopoulos et al. 1994). Taken together,
these studies suggest that progressive cognitive deterioration in schizophrenia is generally limited to a subset of geriatric and chronically institutionalized patients.
Although neurocognitive deficits may not progress
appreciably after the onset of psychosis except in certain
cases involving older patients with poor outcome, it has
also been considered that neurocognitive function may
deteriorate earlier, during the premorbid and prodromal
phases of schizophrenia. An increasing number of studies
provide support for this hypothesis. A variety of cognitive,
motor, and social abnormalities have been identified in individuals in the premorbid phase of illness (Cannon et al.

2002; Caspi et al. 2003; Done et al. 1994; Jones et al. 1994;
Kremen et al. 1994), but impairment in these domains
tends to be significantly more severe after the formal onset of psychosis, suggesting that some deterioration has
occurred. In a longitudinal study of 51 subjects with prodromal symptoms, neurocognitive function generally was
at an intermediate level between matched control subjects
and individuals with schizophrenia (Hambrecht et al. 2002;
see also Figure 8–2). In the 15-month follow-up period,
worsening self-perceived neuropsychological function
(e.g., concentration, visual and auditory perception) was
predictive of transition to psychosis in the small number
of subjects (n=5) who developed a first episode of psychosis. A retrospective study of patients with schizophrenia
found that their performance on a standardized scholastic
test had worsened significantly from grade 8 to grade 11
before the onset of psychosis (Fuller et al. 2002). Deterioration in the premorbid/prodromal phase was also suggested
in another retrospective study which found that individuals who eventually developed schizophrenia often did not
complete high school despite having normal academic
performance in elementary school (Cannon et al. 1999).
Although still preliminary, these data increasingly
suggest that progressive deterioration of cognitive function does occur during the late premorbid and prodromal
phases of schizophrenia. After the first episode of psychosis, neurocognitive functioning appears to remain relatively stable except in geriatric, chronically institutionalized patients. Negative symptoms can progress for several
years after the onset of psychosis before reaching a plateau. Similarly, overall functional level in patients with
schizophrenia worsens for at least several years after the
onset of psychosis and then reaches a plateau. Thus evidence of progressive changes in psychopathology could
represent the clinical phenotype of a limited neurodegenerative process that is temporally restricted to the late premorbid and prodromal phases as well as several years after
the onset of psychosis (see Figure 8–1).

POSTMORTEM NEUROPATHOLOGY
Despite intensive study, investigators have been unable to
identify a specific phenotype that defines the neuropathology of schizophrenia (Harrison 1999). Almost all
studies report no increase in gliosis or glial fibrillary acidic
protein staining (Arnold et al. 1998; Benes et al. 1991;
Purohit et al. 1998; Roberts et al. 1986, 1987; Stevens
1982). The absence of gliosis clearly distinguishes the
neuropathology of schizophrenia from that of Alzheimer’s
disease and other classic neurodegenerative disorders in
which gliosis is present. In fact, increasing numbers of
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F I G U RE 8– 2 . Comparison of selected neurocognitive measures in healthy control subjects, prodromal patients,
and patients with schizophrenia (n = 29 in each group).
This graph was derived from data reported by Hambrecht and colleagues (2002) on neurocognitive function assessed at entry in a
longitudinal study of psychosis prodrome. For each measure, the data from each group were normalized to the mean of the control
group. A Mann-Whitney U test was used to perform two statistical comparisons: 1) prodromal patients versus normal control subjects
and 2) prodromal patients versus patients with schizophrenia (*P< 0.05; **P< 0.01). On measures of attention (Continuous Performance Test), verbal memory (Auditory Verbal Learning Test), and verbal fluency (word generation in 1 minute), lower scores represent poorer performance, whereas for visual memory (Rey-Osterrieth Complex Figure Test), higher scores represent poorer
performance. The data demonstrate that patients with prodromal symptoms of psychosis have neurocognitive deficits that fall between the function of healthy control subjects and patients with schizophrenia.

studies have found reduced numbers of cortical glia in
schizophrenia, including in prefrontal, motor, and anterior
cingulate cortices (Benes et al. 1986; Cotter et al. 2001;
Stark et al. 2004).
Another prominent feature of classic neurodegenerative disorders is large-scale neuronal loss. However, most
studies of schizophrenia have not identified fewer cortical
neurons (Akbarian et al. 1995b; Pakkenberg 1993; Selemon et al. 1995, 1998; Thune et al. 2001). Several studies
in anterior cingulate cortex have identified layer-specific
reductions in density of pyramidal and nonpyramidal neurons (Benes et al. 1991, 2001). Also, lower neuron counts
have been found in mediodorsal thalamus (Byne et al.
2002; Cullen et al. 2003; Pakkenberg 1990; Popken et al.
2000; Young et al. 2000). Thus certain subpopulations of
cortical neurons and glia as well as discrete subcortical
neuron populations may be reduced in schizophrenia, but
overall these reductions are modest.
Increasing evidence suggests that the cortical neuropathology of schizophrenia is characterized by limited

neuronal atrophy. Selemon and colleagues (1995, 1998)
found that neuron density was increased in areas 9 and 46
and that gray matter thickness was somewhat thinner, indicating that cortical neuropil was reduced. This finding
gave rise to the reduced neuropil hypothesis of schizophrenia (Selemon et al. 1995). Supporting this hypothesis
are studies that show fewer dendritic spines and dendrite
length in the prefrontal cortex (Black et al. 2004; Garey et
al. 1998; Glantz and Lewis 2000) and reduced synaptic
marker proteins in schizophrenia (Eastwood and Harrison 1995; Glantz and Lewis 1997; Karson et al. 1999;
Thompson et al. 1998). Smaller somal volume of neurons
also has been reported in the prefrontal cortex of patients
with schizophrenia (Pierri et al. 2001; Rajkowska et al.
1998). Neuron somal size is known to correlate with the
degree of axonal and dendritic arborization (Harrison and
Eastwood 2001); therefore, the presence of smaller neuronal soma is consistent with the aforementioned evidence of shorter dendrites and reduced synaptic markers
in schizophrenia.
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Thus although pathognomonic neuropathological lesions are absent in schizophrenia, a number of subtle synaptic and dendritic deficits appear to characterize the disorder. Because the postmortem findings do not provide a
longitudinal perspective, they do not offer much insight
into when the deficits might have emerged. Further, a
number of potential confounding variables must be considered when interpreting human postmortem studies including postmortem interval, medications, and diagnostic
uncertainty. However, when the postmortem deficits are
considered in context with neuroimaging data indicating
that progressive brain morphologic changes occur in
schizophrenia (discussed in the next section), it raises the
possibility that limited progressive neuronal atrophy may
occur after the onset of clinical symptoms.

NEUROIMAGING PATHOLOGY
STRUCTURAL STUDIES
Numerous magnetic resonance imaging (MRI) studies
have demonstrated structural brain abnormalities in
schizophrenia, including ventricular enlargement and reduced cortical gray matter volume (Harrison 1999; Shenton et al. 2001). Because most of these studies were crosssectional in design, it was unknown whether the volume
changes were progressive. More recently, investigators
have applied longitudinal designs to structural MRI studies, and the issue of progression has been addressed in various patient groups including patients with prodromal
symptoms, those with childhood-onset schizophrenia,
those with first-episode schizophrenia, and chronic patient populations. In prodromal patients considered to be
at “ultra-high risk” for the development of psychosis, progressive gray matter loss was identified in inferior frontal,
medial temporal, and cingulate cortices only in those patients who transitioned to psychosis (Pantelis et al. 2003).
Studies of subjects with childhood-onset schizophrenia
have identified progressive brain volume changes in several regions including enlargement of lateral ventricles
(Rapoport et al. 1997) and loss of frontal, temporal, and
parietal cortical gray matter (Gogtay et al. 2004; Jacobsen
et al. 1998; Rapoport et al. 1999; Thompson et al. 2001)
compared with normal healthy control subjects (see Figure 8–3).
In first-episode schizophrenia, several groups (Cahn
et al. 2002; DeLisi et al. 1997, 2004; Lieberman et al.
2001a), but not all (Gur et al. 1998), have identified progressive ventricular enlargement. Progressive cortical
volume loss in first-episode schizophrenia compared with
matched control subjects has also been reported in cere-

bral hemispheres (DeLisi et al. 1997), total cerebral gray
matter (Cahn et al. 2002), whole frontal cortex (Gur et al.
1998), and superior temporal gyrus gray matter (Kasai et
al. 2003). In adults with chronic schizophrenia, progressive ventricular enlargement has been reported in male
patients (Mathalon et al. 2001) including those with poor
outcome (Davis et al. 1998). In another study, patients
found to have progressive ventricular enlargement were
thought to have a distinct pathophysiological subtype of
schizophrenia (Nair et al. 1997). Progressive loss of frontotemporal cortical gray matter has also been associated with
males with chronic schizophrenia (Mathalon et al. 2001).
The longitudinal structural MRI studies provide increasing evidence that the pathophysiology of schizophrenia represents, in part, a progressive process, especially
around the onset of illness. Although the MRI studies do
not indicate the nature of the progressive structural changes,
the postmortem results indicate that neural atrophy and
neuropil loss may represent a cellular basis for progression (see Figure 8–4).
The hypothesis that schizophrenia represents a neuroprogressive disorder has been challenged based on
grounds that the reported gray matter loss is too pervasive
and rapid to be physiologically plausible (Weinberger and
McClure 2002). Although it is true that evidence for progressive gray matter loss has emerged at different stages
of schizophrenia and that the loci of progressive loss have
differed across some of the studies, it is likely that future
longitudinal studies that use larger cohorts and employ
higher resolution neuroimaging techniques will help to
define the process more precisely. Further, as proposed
here and previously (Lieberman 1999), the nature of a
limited degenerative process does not predicate a classic
gliotic neurodegeneration, nor does it discount the substantial impact of late neuromaturational processes such
as synaptic pruning and cortical myelination. Potential
mechanisms underlying limited neuroprogression in
schizophrenia are discussed in the last section.

FUNCTIONAL AND SPECTROSCOPIC STUDIES
Reduced metabolic activity has been demonstrated in the
prefrontal cortex in schizophrenia with positron emission
tomography (PET) and functional MRI (fMRI) (Andreasen et al. 1997; Weinberger et al. 1986). Although these
findings are consistent with postmortem evidence of
reduced neuropil and structural MRI findings that show
reduced gray matter in frontal cortex, the PET and fMRI
studies were not longitudinal, and it is not known whether
the reduction in metabolic activity is also progressive.
Magnetic resonance spectroscopy (MRS) studies may shed
more light on this issue. In subjects with first-episode schizo-
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F I G U RE 8– 3 . Average rates of gray matter loss in adolescents with childhood-onset schizophrenia and in matched
healthy control subjects.
These three-dimensional maps, derived from MRI images acquired sequentially from the same subjects over a 5-year interval, demonstrate substantial gray matter loss in schizophrenia. Average rates of gray matter loss from 13 to 18 years of age are displayed on
average cortical models for the group. Severe loss (red and pink colors; up to 5% annually) occurs in parietal, superior frontal, and
temporal cortices, whereas inferior frontal cortex remains stable (blue; 0–1% loss).
Source. Reprinted from Thompson PM, Vidal C, Giedd JN, et al.: “Mapping Adolescent Brain Change Reveals Dynamic Wave of
Accelerated Gray Matter Loss in Very Early Onset Schizophrenia.” Proceedings of the National Academy of Sciences U S A 98:11650–
11655, 2001. Copyright 2001, National Academy of Sciences. Used with permission.

phrenia, phosphorus-31 (31P) MRS in the prefrontal cortex has demonstrated decreased phosphomonoesters and
increased phosphodiesters (Hinsberger et al. 1997; Pettegrew et al. 1991; Stanley et al. 1995). The combination of
lower phosphomonoester and higher phosphodiester levels is thought to reflect an increased rate of membrane
phospholipid breakdown (Pettegrew et al. 1993), which
could represent evidence of active neuronal and/or glial
breakdown. Lower levels of N-acetylaspartate (NAA) have
also been reported in the temporal and frontal cortex using
proton (1H) MRS in subjects with schizophrenia (Ber-

tolino et al. 1998; Cecil et al. 1999). NAA is considered a
nonspecific marker of neuronal metabolism, and lower
NAA levels may indicate reduced neuronal viability.
As with fMRI and PET studies, 1H- and 31P-MRS
findings appear consistent with the postmortem and
structural MRI literature, but the absence of longitudinal
studies using these methodologies limits the extent to
which the findings support a progressive process in the
pathophysiology of schizophrenia. The use of longitudinal fMRI, PET, and MRS study designs could provide
important insights in this regard.
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neurodegeneration

- Longer dendrites
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F I G U RE 8 – 4. Proposed progression of neuronal cytopathology associated with a limited neurodegenerative model
of schizophrenia.
This model proposes that progressive neuronal atrophy accompanies progressive cortical gray matter loss that has been demonstrated
in longitudinal neuroimaging studies. Depicted is a cortical pyramidal neuron that is decreasing in somal size, dendrite length and
number, and dendritic spine number.

CORRELATION OF NEUROPATHOLOGY
WITH PSYCHOPATHOLOGY
In a meta-analysis, investigators found that a long duration of untreated psychosis in first-episode schizophrenia
is correlated with poorer treatment response and lower
overall level of functioning (Perkins et al. 2005). These
data provide support for the hypothesis that untreated psychosis is neurotoxic (Wyatt 1991). To explore the potential neurostructural consequences of this hypothesis, several groups have examined whether longer periods of
untreated psychosis are associated with greater structural
brain abnormalities. To date, no such relationship has
emerged (Fannon et al. 2000; Ho et al. 2003; Hoff et al.
2000), but these analyses are somewhat limited by their
retrospective designs.
More insight into this issue is provided by longitudinal
studies in which clinical symptoms and neurostructural
measures have been assessed concurrently over time. In
patients with new-onset schizophrenia, worse functional
outcome correlated with the rate of cortical gray matter
loss and ventricular enlargement (Cahn et al. 2002; Lieberman et al. 2001a), and loss of frontal cortical volume
correlated with less negative symptom improvement but
greater positive symptom improvement (Gur et al. 1998);
however, no relationship was found between progressive
superior temporal gyrus loss and clinical measures (Kasai
et al. 2003). In previously treated patients, reduction in
cortical volume was associated with greater neurocognitive decline (Gur et al. 1998), and in male patients with
chronic schizophrenia, greater cortical gray matter loss
and ventricular enlargement correlated with clinical symptom severity (Mathalon et al. 2001). Similarly, Davis and
colleagues (1998) found progressive ventricular enlargement in patients with poor outcome. In childhood-onset

schizophrenia, progressive loss of superior temporal gyrus
has correlated with worse clinical outcome (Jacobsen et al.
1998), and progressive frontal and temporal cortical loss
was associated with worse positive and negative symptoms
and worse neurocognitive function (Thompson et al.
2001).
Accumulating evidence suggests a general link between progressive neurostructural deficits and less favorable clinical and cognitive outcomes. However, this association has not been found in all studies and is not
consistent across brain regions or outcome domains. This
inconsistency could stem from considerable variability
among individuals in their capacity to maintain normal
cognitive function in the face of neurostructural progression. A number of potential confounds must also be considered, including the influence of antipsychotic medications, drug abuse, and cigarette smoking, as well as the
effects of overall environmental stimulation experienced
by different patients. At this time, it remains uncertain
how to reconcile those studies reporting structural progression with other studies that have found generally stable clinical and cognitive functioning. Further studies using longitudinal designs and larger cohorts, correlating
structural, clinical, and cognitive variables in carefully defined patient subgroups, must be conducted to clarify this
important issue.

POTENTIAL MECHANISMS
UNDERLYING NEUROPROGRESSION
A number of potential mechanisms have been proposed to
underlie neuroprogressive changes in schizophrenia.
These include glutamate excitotoxicity, oxidative stress,
neurochemical sensitization, and altered activation of
apoptosis. Evidence supporting these will be discussed in
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the following sections. Because a role for apoptosis has
been proposed in several of the other mechanisms, we first
review apoptosis to provide a context for the remainder of
the discussion.

APOPTOSIS
Apoptosis has increasingly been considered as a potential
contributing mechanism to the pathophysiology of schizophrenia (Benes 2004; Jarskog et al. 2000). Apoptosis is a cell
death mechanism that is crucial to normal neurodevelopment and is also implicated in a number of neuropathological conditions. Given that the pathology of schizophrenia
primarily involves neuropil loss and synaptic disconnectivity without large-scale cortical neuron loss (Lewis and Lieberman 2000), a role for apoptosis would need to be able
to account for this neuropathological profile. In fact,
emerging data have demonstrated that apoptotic mechanisms can lead to reductions in neuronal viability (Ona et
al. 1999) as well as contribute to pathological elimination
of synapses (Gylys et al. 2004; Mattson et al. 1998) and terminal neurites (Garden et al. 2002; Ivins et al. 1998) without causing cell death, so-called synaptic apoptosis.
Altered levels of apoptotic regulatory proteins have
been identified in postmortem temporal cortex in schizophrenia, including a reduction in Bcl-2, a potent antiapoptotic protein (Jarskog et al. 2000), as well as an increase of the Bax/Bcl-2 ratio (Jarskog et al. 2004). Bax is a
pro-apoptotic protein, and higher Bax/Bcl-2 ratios are associated with greater apoptotic susceptibility (Oltvai et al.
1993). However, caspase-3—a downstream apoptosiseffector protein and a useful marker of apoptotic activity—was not increased in temporal cortex (Jarskog et al.
2004), indicating that neuronal apoptosis may not be active in chronic schizophrenia, the stage of illness represented by most postmortem brain samples. This conclusion is also consistent with evidence that the rate of
single-stranded DNA breaks is reduced in postmortem
anterior cingulate cortex in schizophrenia (Benes et al.
2003). The absence of increased apoptosis in chronic
schizophrenia is perhaps not surprising given that structural neuroimaging studies have generally found progressive brain volume changes limited to early phases of the
disorder. Therefore, if gray matter loss is mediated by apoptotic activity, it may be episodic rather than continuous
and may be generally limited to the first onset of schizophrenia. Given the evidence for increased pro-apoptotic
vulnerability in schizophrenia cortex and the evidence
that nonlethal apoptotic activity can lead to synaptic and/
or dendritic loss, we propose that such a mechanism could
represent the primary pathological consequence of apoptotic dysfunction in schizophrenia.

GLUTAMATE EXCITOTOXICITY
The glutamate hypothesis of schizophrenia posits a role
for abnormal glutamate neurotransmission in the pathophysiology of schizophrenia. This hypothesis is supported
in part by the observation that antagonism of the glutamatergic N-methyl-D -aspartate (NMDA) receptor by
phencyclidine (PCP) can produce transient expression of
many of the clinical dimensions of schizophrenia in normal healthy individuals and exacerbate psychosis in
patients with schizophrenia (Goff and Coyle 2001). Further, it has been proposed that NMDA receptor hypofunction causes reduced activation of inhibitory γ-aminobutyric acid (GABA) neurons, leading to glutamatergic
disinhibition and excitotoxicity (Coyle 1996; Olney and
Farber 1995).
Despite the theoretical appeal of this hypothesis and
increasing evidence of glutamatergic system abnormalities in schizophrenia, little neuropathological evidence
specifically supports glutamatergic excitotoxicity (Goff
and Coyle 2001). Nevertheless, because excitotoxicity can
produce neuronal degeneration by acute necrosis or delayed apoptosis, excitotoxic damage may be difficult to detect in postmortem specimens if it occurred via apoptotic
mechanisms (which can proceed without gliosis), especially if the excitotoxicity was limited to earlier stages of
the disorder (e.g., around the first episode of psychosis).
Further, because schizophrenia is characterized more by
neuronal atrophy and neuropil loss rather than actual
neuron loss, it is of interest that brief focal application of
glutamate to distal dendrites in vitro has been shown to
produce a local activation of apoptotic mechanisms without inducing neuronal death (Mattson et al. 1998). Another study found increased levels of the unedited GluR2
subunit of the glutamatergic AMPA receptor in frontal
cortex in schizophrenia, which has been associated with
increased calcium permeability of the receptor channel
(Akbarian et al. 1995a). High calcium flux in synapses and
dendritic spines can produce dendrite retraction and neurotoxicity via apoptotic mechanisms (Mattson et al. 1998).

OXIDATIVE STRESS
Oxidative stress occurs when the levels of oxygen radicals
exceed the antioxidant capacity of a given system. Persistent oxidative stress is known to produce cumulative damage that is thought to contribute to several classic neurodegenerative disorders (Barnham et al. 2004). Given the
evidence for progressive pathology, an oxidative stress
hypothesis has been considered in schizophrenia. One
potential source of oxidative stress is excess glutamate, as
described in the previous section (Coyle and Puttfarcken
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1993). Further, altered peripheral levels of antioxidant
enzymes have been documented in new-onset psychosis
(Mukerjee et al. 1996), as have abnormalities in the phospholipase A2 system (Hudson et al. 1996; Ross et al. 1997).
Thus, several lines of evidence implicate oxidative stress
as a mechanism that could contribute to the progressive
changes seen in schizophrenia.
Glucocorticoid-induced stress represents another potential stress-related mechanism underlying neurostructural changes observed in certain psychiatric disorders, including affective, anxiety, and psychotic disorders (Arango
et al. 2001; Church et al. 2002). For example, it has been
proposed that glucocorticoid toxicity could underlie reduced hippocampal volumes in schizophrenia (Benes
1997). Supporting evidence includes increased plasma
levels of cortisol and related stress markers in schizophrenia (Breier and Buchanan 1992; Risch et al. 1992).

NEUROCHEMICAL SENSITIZATION
The neurochemical sensitization hypothesis proposes
that the symptoms of schizophrenia could be caused by
deficits in neural regulation during neurodevelopment
that result in a pathological form of neurochemical sensitization (Lieberman et al. 1997). This is analogous to preclinical models of pharmacologically induced behavioral
sensitization, a phenomenon in which intermittent pharmacological stimulation can lead to enduring enhancement of a behavioral response (Wolf et al. 1993). This
condition, if sustained, could in turn lead to neurotoxic
effects and account for progressive and persistent morbidity paralleling the functional decline often associated with
schizophrenia. Several lines of evidence are consistent
with the neurochemical sensitization hypothesis, including the ability of amphetamine and other psychotomimetic drugs to induce psychotic symptoms in healthy
subjects, the increased susceptibility of patients with
schizophrenia to the psychotogenic effects of dopamine
agonists, and the development of sensitization to psychosis-inducing effects of stimulants in chronic stimulant
abusers (Lieberman et al. 1997). Interactions between
dopaminergic and glutamatergic systems have also been
demonstrated in animal models of chronic PCP use that
have been found to promote subcortical dopamine release
and induce sensitization to the behavioral effects of subsequent NMDA antagonist exposure (Goff and Coyle
2001). In schizophrenia, the development of neurochemical sensitization is proposed to occur in response to environmental stimulation (e.g., stressful life events, drug
abuse) during late adolescence and early adulthood in
individuals who already have specific genetic and/or epi-

genetic vulnerability to the disorder. Ultimately, selflimiting neurotoxicity has been proposed to occur as a
consequence of elevated excitatory amino acid activity,
potentially via apoptosis (Coyle 1996).

CONCLUSION
This chapter represents an overview of the clinical and
neuropathological evidence that schizophrenia has neuroprogressive features. When first articulated, the neurodevelopmental hypothesis represented a paradigm shift in
our understanding of schizophrenia. It provided a mechanistic framework for evidence that early life neurobiological insults were associated with higher rates of schizophrenia in adulthood. However, the neurodevelopmental
hypothesis does not account for the long dormancy of
psychotic symptoms after the early life insult(s) or the evidence for limited progressive loss of function and progressive neurostructural changes.
In this chapter, we have advanced the argument that
schizophrenia represents a neurodevelopmental disorder
that also encompasses limited neurodegenerative features. This conclusion is supported by recent neuroimaging studies that have reported progressive loss of cortical
gray matter and progressive ventricular enlargement as
well as studies that indicate a limited progression of clinical psychopathology and neurocognitive function.
It is important to recognize that neither the pathophysiology nor the clinical course of schizophrenia resembles those of a classic neurodegenerative disorder
such as Alzheimer’s disease. Any evidence of degeneration
is subtle and confined primarily to the loss of dendritic
processes and synaptic elements rather than loss of neurons. Further, the progressive process appears generally
limited to the early stages of clinical symptoms including
the prodromal period and several years following the onset of psychosis. Nevertheless, the possibility that a limited, but as yet uncharacterized, neurodegenerative mechanism is involved remains plausible and merits further
investigation. The importance of this issue is most clearly
related to the treatment of schizophrenia because a progressive process is potentially modifiable. If the functional
decline in schizophrenia can be slowed early in the course
of the disorder, then improved long-term outcomes may
be achieved.
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NEUROPATHOLOGY
AND NEURAL CIRCUITS
IMPLICATED IN
SCHIZOPHRENIA
L. FREDRIK JARSKOG, M.D.
TREVOR W. ROBBINS, PH.D.

Despite the prominent clinical manifestations of schizophrenia, a clear cellular phenotype of this devastating
disorder has not been defined. Early in the twentieth
century, Kraeplin suggested that schizophrenia was characterized by a degenerative pathology, and early studies by
Alzheimer and by Southard supported this view. Subsequent studies, however, did not find evidence of degeneration, and during the reign of psychoanalytic psychiatry,
many questioned the neurobiological underpinnings of
schizophrenia. Fortunately, the development of better
study designs and more sophisticated immunohistochemical and molecular techniques provided a limited set of
subtle yet relatively reproducible neuropathological findings (Harrison 1999).

In part, neuropathology in schizophrenia is characterized by deficits in cortical neuropil and synaptic connectivity
as well as a notable absence of glial proliferation. These deficits may underlie evidence for abnormal brain circuitry.
Our aim in this chapter is first to highlight pertinent positive
and negative histopathological and neurochemical findings
in brain regions that have been implicated consistently in
schizophrenia and then to explore the effect of these deficits
on relevant brain circuitry. We examine the involvement of
frontostriatothalamic, frontocingulate, and frontotemporal
circuits, given the current research interest in these circuits
and the accumulated neuropathological and neuroimaging
findings within the respective brain regions. We begin,
though, by reviewing normal cortical cytoarchitecture.
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NORMAL CORTICAL
CYTOARCHITECTURE
PYRAMIDAL AND NONPYRAMIDAL NEURONS
Pyramidal neurons represent the primary source of glutamatergic neurotransmission and constitute about 70%
of all cortical neurons. These excitatory neurons have a
single apical dendrite that extends toward the pial surface
and multiple basilar dendrites that extend laterally. Dendrites are covered by small protrusions called dendritic
spines that receive most excitatory input. In addition,
inhibitory terminals are found on dendrites, cell soma,
and the axon initial segment. Most pyramidal neurons also
have a principal axon that extends into the white matter.
Intrinsic collaterals project from the principal axons
before entering the white matter, extending horizontally
and then vertically in the cortical gray matter.
Nonpyramidal neurons provide inhibitory neurotransmission in the cerebral cortex, and almost all use the
neurotransmitter γ-aminobutyric acid (GABA). GABAergic
neurons are classified according to morphological and
neurochemical characteristics. Subtypes of GABA neurons exert specific roles in the circuitry of dorsal prefrontal cortex (DPFC). For example, axon terminals of chandelier neurons synapse with the axon initial segment of
pyramidal neurons to provide localized inhibition. In contrast, axon terminals of basket neurons spread horizontally much farther than chandelier neurons and are thus
able to exert inhibitory regulation over more distal pyramidal neuron populations (Levitt et al. 1993).

CORTICAL LAMINAE AND CORTICAL PROJECTIONS
Neurons in cortical association areas are generally arranged
in six layers (Amaral 2000) (see Figure 9–1). Layer I is thin
and contains relatively few cells, but most neurons in this
layer are GABAergic. Layers II and IV consist primarily
of tightly packed, small pyramidal neurons and are often
referred to as the external and internal granular layers,
respectively. Layers III and V are generally the thickest
layers and contain larger pyramidal neurons. Layer VI,
also known as the pleomorphic layer, contains pyramidal
neurons with atypical morphology.
The following is a brief overview of efferent projection patterns from cortical layers (Jones 1984). Pyramidal
neurons in layer II and superficial layer III generally project to nearby cortical areas, whereas those in deep layer
III project to more distal cortical regions. Pyramidal neurons in layer V project to multiple subcortical regions (not
including thalamus), whereas those in layer VI project to
the thalamus. In addition to their primary extrinsic pro-

jections, pyramidal neurons also provide local axon collaterals that have layer-specific patterns of intrinsic connections. The broad distribution of targets of efferent
intrinsic and extrinsic projections from pyramidal neurons in the different cortical layers illustrates the extent to
which even subtle abnormalities in a neuronal subtype
with restricted laminar distribution could have significant
effects on cortical connectivity.
In contrast to the layer-specific organization of efferent projections, afferent projections from other cortical
regions are more evenly distributed in their synaptic terminations. Similarly, afferent projections from several
subcortical regions are distributed evenly, including cholinergic projections from the nucleus basalis of Meynert
and serotoninergic inputs from the raphe nucleus. However, afferent thalamic, dopaminergic, and noradrenergic
projections to the DPFC each form more topographically
restricted synaptic connections. Specifically, afferents
from the mediodorsal thalamus terminate predominantly
in cortical layer IV and deep layer III, whereas noradrenergic and dopaminergic afferents have a bimodal distribution in superficial and deep cortical layers (Lewis and Lieberman 2000).

HISTOPATHOLOGY OF
SCHIZOPHRENIA
GLIAL NUMBERS AND MARKERS
Although an early study found an increase in periventricular and subependymal gliosis in schizophrenia (Stevens
1982), a general consensus has emerged that schizophrenia is characterized by an absence of glial proliferation
(Arnold et al. 1998; Benes et al. 1991a; Roberts et al.
1986), and several recent reports even suggested that cortical glial density is decreased (Cotter et al. 2001; Stark et
al. 2004; Uranova et al. 2004). Most studies also report
normal glial fibrillary acidic protein (GFAP) staining (Arnold
et al. 1998; Damadzic et al. 2001; Perrone-Bizzozero et al.
1996; Purohit et al. 1998; Roberts et al. 1987). GFAP is a
structural protein that increases markedly in response to
astrocytic infiltration following neuronal damage and is
often elevated in classic neurodegenerative disorders such
as Alzheimer’s disease. Interestingly, a proteomic analysis
of frontal cortex identified four proteins that were differentially expressed in schizophrenia compared with control, two of which were reductions in isoforms of GFAP
(Johnston-Wilson et al. 2000). The absence of gliosis
strongly suggests the absence of a classic neurodegenerative process, providing general support for schizophrenia
as a disorder of neurodevelopment. It has been argued,
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F I G U RE 9– 1 . Depiction of the six cortical layers, showing the lamina-specific differences in neuronal shape, size,
and packing density.
Layer I is sparsely populated with small interneurons, layers II and IV are tightly packed with small pyramidal neurons, layers III and
V are thickest and contain large pyramidal neurons, and layer VI contains pleomorphic cells.

however, that the absence of gliosis does not rule out a
more limited degenerative process (Lieberman 1999; see
Chapter 8, “Neuroprogressive Theories”).

NEURONAL NUMBER AND DISTRIBUTION
Classic neurodegenerative disorders are generally characterized by large-scale neuronal loss, but little evidence
suggests that schizophrenia is associated with substantial
cortical neuronal loss. One study that used unbiased stereology found no change in total cortical neuronal number in schizophrenia compared with control subjects (Pakkenberg 1993). Likewise, several studies found no
evidence of neuronal loss in DPFC in schizophrenia (Akbarian et al. 1995a; Selemon et al. 1995, 1998; Thune et
al. 2001) but did find small but significant increases in

neuronal density in prefrontal and occipital cortex in
schizophrenic compared with control subjects. The investigators interpreted these increases to reflect modest reductions in neuropil rather than absolute changes in neuronal counts (see Figure 9–2). However, several studies
have found reductions in the densities of neuronal subpopulations, including interneurons in layer II of DPFC
and in layers II–VI of the anterior cingulate cortex (ACC)
(Benes et al. 1991a, 2001).
In contrast to cortex, reduced neuronal numbers have
been found more consistently in subcortical areas in
schizophrenia. An early stereological study reported about
30% fewer neurons in nucleus accumbens and mediodorsal thalamus in schizophrenia (Pakkenberg 1990). The
mediodorsal thalamus findings have been replicated in
many (Byne et al. 2002; Popken et al. 2000; K.A. Young et
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Nonschizophrenic

Schizophrenia
F I G U RE 9– 2 .

Schematic depiction of the “reduced neuropil” hypothesis of schizophrenia.

The cortex of individuals with schizophrenia is thinner and the neurons are smaller and more densely packed as compared with the
cortex of nonschizophrenic control subjects. However, the overall number of neurons is not different in schizophrenia compared with
control subjects.
Source. Reprinted from Selemon LD, Rajkowska G, Goldman-Rakic PS: “Abnormally High Neuronal Density in the Schizophrenic
Cortex: A Morphometric Analysis of Prefrontal Area 9 and Occipital Area 17.” Archives of General Psychiatry 52:805–818, 1995.
Copyright 1995, American Medical Association. Used with permission.

al. 2000), but not all (Cullen et al. 2003; Dorph-Petersen et
al. 2004), studies. In hippocampus, a meta-analysis of neuroimaging studies found consistent volume reductions
(Nelson et al. 1998), but most postmortem studies have
not reported an overall loss of neurons (Heckers et al.
1991; Walker et al. 2002). Notably, several studies have
identified reductions in hippocampal neuronal subpopulations, specifically in GABAergic interneurons (Benes et
al. 1998; Zhang and Reynolds 2002). Thus, although
overall cortical neuronal numbers in schizophrenia appear mostly unchanged, discrete neuronal reductions may
occur with laminar and regional specificity. Furthermore,
several discrete subcortical nuclei appear to have more substantial neuronal reductions.
Investigators also have examined neuronal distribution and organization in schizophrenia. In entorhinal cortex, several studies have suggested abnormal lamination as
well as neuronal disorganization, consistent with migrational deficits early in development (Arnold et al. 1991,
1997; Jakob and Beckmann 1986). In frontal and temporal
cortices, abnormal distribution of nicotinamide-adenine
dinucleotide phosphate-diaphorase (NADPH-D)–containing neurons in gray and white matter has been reported,
thought to reflect deficits in migration or neuronal apoptosis (Akbarian et al. 1993a, 1993b, 1996a, 1996b).

Whereas evidence of neuronal maldistribution has been
used to support the neurodevelopmental hypothesis of
schizophrenia, other studies have failed to replicate these
findings (Akil and Lewis 1997; Krimer et al. 1997). Taken
together, these data are suggestive, but not conclusive, of
neuronal disorganization in schizophrenia, and further
studies are needed to clarify this important issue.

NEUROPIL AND SYNAPTIC MARKERS
As mentioned earlier, evidence suggests that the cortical
neuropathology of schizophrenia involves a reduction in
cortical neuropil (Selemon and Goldman-Rakic 1999)
(see Figure 9–2). Neuropil is primarily composed of
axons, dendrites, and synaptic terminals. Consistent with
the “reduced neuropil” hypothesis is evidence of reduced
dendritic spines and total dendritic length of pyramidal
neurons in DPFC in schizophrenia (Black et al. 2004;
Garey et al. 1998; Glantz and Lewis 2000), fewer parvalbumin (PV)– and GABA membrane transporter (GAT-1)–
immunoreactive varicosities (Lewis et al. 2001; Pierri et
al. 1999), and reduction in synaptophysin (a presynaptic
marker) (Eastwood and Harrison 1995; Glantz and Lewis
1997; Karson et al. 1999; Perrone-Bizzozero et al. 1996)
and SNAP-25 protein (Gabriel et al. 1997; Karson et al.
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1999; Thompson et al. 1998). Synaptic pathology is also
suggested in hippocampus, where investigators have found
reduced synaptophysin (Eastwood and Harrison 1995;
Vawter et al. 1999) and reduced SNAP-25 (C.E. Young et
al. 1998). Two other recently described synaptic markers—complexin I and complexin II—are thought to be
associated with inhibitory and excitatory neurons, respectively. Reductions of both complexins have been reported
in medial temporal lobe in schizophrenia (Harrison and
Eastwood 1998).
Neural cell adhesion molecule (NCAM), another protein increasingly appreciated for its diverse roles in neurodevelopment and synaptic stabilization, also has been
implicated in schizophrenia. In schizophrenia, compared
with controls, NCAM in the hippocampus has been reported as both reduced (Barbeau et al. 1995) and increased
(Vawter et al. 1999), whereas in frontal cortex, NCAM appears unchanged (Barbeau et al. 1995).
The postmortem data implicating synaptic and neuropil changes in schizophrenia are also supported by a gene
array study that identified reduced expression of multiple
genes coding for synaptic gene products in DPFC (Mirnics et al. 2000). Taken together, the evidence implicating
neuropil and synaptic abnormalities in the pathophysiology of schizophrenia is strong.

NEURONAL SOMA
Small but significant reductions in pyramidal neuronal size
in DPFC have been reported in schizophrenia compared
with controls (Pierri et al. 2001, 2003; Rajkowska et al.
1998). Other studies in DPFC and ACC did not find differences (Benes et al. 1986, 2000; Cotter et al. 2001). In
hippocampus, several studies have reported smaller pyramidal neurons in schizophrenia (Arnold et al. 1995; Benes
et al. 1991b, 1998; Zaidel et al. 1997). Because somal size
is thought to be related in part to the extent of dendritic
and axonal arborization (Elston and Rosa 1997; Jacobs et
al. 1997), reduced somal size in schizophrenia is consistent
with evidence for reduced dendritic spine density and dendritic length. Although the etiology remains unclear,
smaller somal volumes could stem from early developmental agenesis or subtle atrophy at a later stage in a process not
severe enough to induce gliosis (Rajkowska et al. 1998).

GABAERGIC SYSTEM
GABA represents the main inhibitory neurotransmitter of
the cerebral cortex and is a critical modulator of corticalsubcortical connectivity. Deficits in the GABAergic system represent some of the most consistent neuropathological findings in schizophrenia. Glutamic acid decar-
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boxylase (GAD), the enzyme that synthesizes GABA,
exists as 65-kDa and 67-kDa isoforms. GAD67 mRNA,
but not GAD65 mRNA, is reduced in DPFC in schizophrenia (Akbarian et al. 1995a; Guidotti et al. 2000; Volk
et al. 2000). Consistent with these findings is increased
GABA A receptor binding in ACC and DPFC in schizophrenia (Benes et al. 1992b; Dean et al. 1999), which may
represent a compensatory upregulation in response to
reduced GABA levels, and the increased receptor binding
appears preferentially to affect pyramidal over nonpyramidal neurons (Benes et al. 1996). Furthermore, studies
have found fewer GAT-1 cartridges in the GABAergic
chandelier neurons of DPFC in schizophrenia (Pierri et
al. 1999; Woo et al. 1998). GAT-1 cartridges reflect the
vertical arrangement of axon terminals of chandelier cells
that synapse at the axon initial segment of layer III pyramidal neurons and are thought to modulate excitatory
output from pyramidal neurons.
Additional data come from studies of the calciumbinding proteins PV, calretinin, and calbindin, which are
present in separate subpopulations of interneurons. One
study found that PV-immunoreactive neurons were reduced in DPFC in schizophrenia (Beasley and Reynolds
1997; Lewis et al. 2001), but another study found no differences (Woo et al. 1997). This latter group did find
fewer PV-immunoreactive varicosities in the middle layer
of DPFC in schizophrenia (Lewis et al. 2001), but even
though PV mRNA was also reduced, this reduction was
on a per-neuron level rather than an overall reduction of
PV mRNA-containing neurons (Hashimoto et al. 2003).
Thus, it appears that GABAergic deficits occur in schizophrenia in several cortical regions, and although total interneuron numbers may not be altered, there is emerging
evidence for changes in certain GABAergic neuron subpopulations as well as deficits of the GABAergic system.

GLUTAMATERGIC SYSTEM
The glutamatergic system is the principal excitatory neurotransmitter system of the human frontal cortex (Robinson and Coyle 1987). Four types of glutamate receptors
have been identified, including the G protein–coupled
metabotropic receptor family and the three ionotropic
receptor families (N-methyl-D-aspartate [NMDA], AMPA,
and kainate). The observation that the NMDA glutamate
receptor antagonist phencyclidine (PCP) can reproduce
positive, negative, and cognitive symptoms of schizophrenia in healthy control subjects (Krystal et al. 1994) and
exacerbate psychosis in patients with schizophrenia (Lahti
et al. 1995) has contributed significantly to the glutamate
hypothesis of schizophrenia (Coyle 1996; Javitt and Zukin
1991; Olney and Farber 1995).
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Postmortem studies of glutamate receptor expression

Glutamate
receptor
subtype
N-methyl-D-aspartate
(NMDA)

Decreased
subunit
mRNA

Brain region

Increased
subunit
mRNA

Prefrontal cortex

NR1, NR2A

Dracheva et al. 2001

NR2D

Akbarian et al. 1996b

Superior
temporal cortex

NR1

Humphries et al. 1996

Thalamus

NR1, NR2B, NR2C

Ibrahim et al. 2000b

NR2B

Clinton and Meador-Woodruff 2004

Hippocampus
AMPA

Kainate

Studies

Prefrontal cortex

NR1
GluR2 (unedited form)

Gao et al. 2000
Akbarian et al. 1995b

Thalamus

GluR1, GluR3

Ibrahim et al. 2000a

Hippocampus

GluR1

Eastwood et al. 1997

KA2

Meador-Woodruff et al. 2001

Thalamus

KA2

Ibrahim et al. 2000b

Hippocampus

GluR6, KA2

Porter et al. 1997

Prefrontal cortex

GluR7

The glutamatergic system has not been studied as extensively as the GABAergic system in schizophrenia, but
emerging data are suggestive of glutamatergic dysfunction. Although ligand-binding studies of the NMDA
receptor have been relatively unrevealing, real-time polymerase chain reaction and in situ hybridization techniques have identified significant alterations in each of the
ionotropic glutamatergic receptor systems (see Table 9–1).
Findings from ligand-binding studies of AMPA and kainate have been largely consistent with those of receptor expression (Meador-Woodruff and Healy 2000).
The complexity of glutamatergic neurotransmission
makes the functional significance of postmortem changes
in glutamate receptor levels uncertain. For instance, it is
unknown whether changes found in NMDA receptor expression might lead to receptor hypofunction and the clinical picture of schizophrenia, as suggested by the link between PCP and schizophrenia-like symptoms. However,
taken as a whole, the data are supportive of glutamatergic
deficits at the neuropathological level in schizophrenia.
Given the potential for new insights into the pathophysiology of schizophrenia and the potential therapeutic relevance of agents that modulate glutamate neurotransmission, research in this area is of considerable importance.

DOPAMINERGIC SYSTEM
The dopamine hypothesis has undergone significant revisions over the past 15 years. The current iteration sug-

gests that subcortical hyperdopaminergia coexists with
hypodopaminergia in frontal cortex and that the imbalance of subcortical-to-cortical dopamine levels may contribute to positive, negative, and cognitive symptoms of
schizophrenia (Abi-Dargham and Moore 2003). Although
a subcortical increase in dopamine transmission had long
been hypothesized, direct evidence has emerged only recently. Several single photon emission computed tomography (SPECT) studies have reported increased striatal
dopamine transmission in both first-episode neurolepticnaive patients and previously treated chronically ill patients with acute psychosis (Abi-Dargham et al. 1998, 2000).
These data have helped foster renewed interest in the
dopamine hypothesis of schizophrenia (Laruelle et al.
2003). The hypothesis that the positive symptoms of
schizophrenia are in part mediated (or exacerbated) by increased subcortical dopamine activity is consistent with
the antipsychotic action of dopamine D2 receptor antagonists, which are presumed to act mainly in the striatum
(including the nucleus accumbens) because of the greater
density of dopamine D2 receptors in the striatum relative
to the DPFC (Lidow and Goldman-Rakic 1994).
The most consistent postmortem finding has been
that of increased dopamine D2 receptor density in striatum in schizophrenia, confirmed by meta-analysis (Zakzanis and Hansen 1998). However, this finding is generally attributed to a compensatory upregulation in
response to chronic neuroleptic treatment. Given that
working memory relies in part on dopamine modulation
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in the DPFC and that working memory deficits have been
extensively documented in schizophrenia (Park and Holzman 1992; Sawaguchi and Goldman-Rakic 1994), several
groups have performed postmortem assessments of cortical dopamine tracts. Decreased lengths of tyrosine hydroxylase–immunoreactive axons and dopamine membrane transporter–positive axons in layer VI of DPFC and
decreased density of tyrosine hydroxylase–immunoreactive axons in entorhinal cortex have been identified, and
an analysis of these brain regions in haloperidol-treated
monkeys did not indicate that these findings were relted
to medication (Akil et al. 1999, 2000). Another study
found no changes in tyrosine hydroxylase–immunoreactive varicosities in DPFC or ACC in schizophrenia compared with control subjects, although reductions in
schizophrenia were found in several layers of ACC in
medicated patients only (Benes et al. 1997). Changes also
have been identified in dopamine receptor transcript expression in schizophrenia, including reduced levels of D3
and D4 receptor mRNA in DPFC (Meador-Woodruff et
al. 1997), whereas another study found increased D4 receptor mRNA levels in DPFC but no change in caudate
(Stefanis et al. 1998). Taken together, these postmortem
data on the dopaminergic system suggest a pattern of
dopaminergic dysregulation that is both cortical and subcortical; some findings appear related to antipsychotic
treatment, but other changes are treatment independent.

NEURONAL CIRCUITS IMPLICATED
IN SCHIZOPHRENIA
Accumulating postmortem and in vivo data make it abundantly clear that the pathophysiology of schizophrenia is
not restricted to a single brain region or a single neuronal
subtype. Indeed, studies have provided evidence of multiple brain region involvement, both within and between
various cortical and subcortical areas, as well as deficits in
multiple neuronal cell types with diverse functions. In this
section, we review evidence for involvement of three key
circuits that have been implicated in schizophrenia:
1) corticostriatothalamic, 2) prefrontal–anterior cingulate, and 3) frontotemporal. Furthermore, given our focus
on postmortem neuropathology, in the last section, we
examine the cellular basis of working memory impairment as an illustration of how postmortem neuropathological deficits could contribute to an important
behavioral dimension of schizophrenia via circuit abnormalities. Deficits in working memory are well established
in schizophrenia (Goldman-Rakic 1994), and their functional importance has clearly been established, given that
working memory function has emerged as one of the
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strongest predictors of long-term functional outcome in
the disorder (Green et al. 2000).

CORTICOSTRIATOTHALAMIC CIRCUITRY
The corticostriatothalamic pathways represent at least
five somewhat parallel cortical-subcortical circuits (Alexander et al. 1986). Specifically, these motor-cognitiveaffective circuits link DPFC, orbitofrontal, anterior cingulate, oculomotor, and supplementary motor areas to the
striatum, basal ganglia, and thalamus. Projections also
link back from the thalamus to the frontal cortex to form
closed loops, as well as project to other cortical and subcortical areas, forming open loop connections (Haber et
al. 2000; Tekin and Cummings 2002).
In an effort to understand the symptomatology of
schizophrenia in terms of brain function, particular attention has been paid to the connectivity between DPFC and
striatum. Impairments in DPFC circuitry have been identified in a variety of paradigms, including in response to
working memory challenges with functional magnetic
resonance imaging (fMRI) (Callicott et al. 2003; Weinberger et al. 1986) and positron emission tomography
(PET) (Schroeder et al. 1994). Numerous neuropsychological studies have linked executive function deficits to
frontostriatal circuitry in schizophrenia (Pantelis et al.
1997; Robbins 1990). PET studies also have reported simultaneous changes in DPFC and basal ganglia, with evidence of reduced metabolic activity in basal ganglia and
concomitant cortical hypofrontality (Buchsbaum et al.
1992; Siegel et al. 1993). Cortical hypofrontality also has
been identified by magnetic resonance spectroscopy
(MRS), showing reduced N-acetylaspartate (NAA) levels
in DPFC (Bertolino et al. 1996); NAA is thought to be a
measure of neuronal viability. Together, these data provide compelling evidence for deficits in frontostriatal circuitry in schizophrenia.
Interestingly, the evidence for metabolic hypofrontality in frontal cortex is also reflected in reduced level of
cortical dopamine transmission, one of the key tenets of
the updated dopamine hypothesis of schizophrenia. Use
of 11C-labeled NNC-112, a PET ligand for the dopamine
D1 receptor, showed increased availability of D1 receptors
in the frontal cortex of schizophrenic patients, and this
was strongly associated with impaired working memory
function (Abi-Dargham et al. 2002). This finding is
thought to reflect evidence of compensatory D1 receptor
upregulation secondary to chronic hypodopaminergia in
the frontal cortex. These data complement the data showing that schizophrenia is also associated with increased
stimulation of striatal D2 receptors (Abi-Dargham et al.
2000).
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To examine the relation between cortical metabolism
and striatal dopamine function, an elegant study measured both regional cerebral blood flow (rCBF) and presynaptic dopamine function with PET during a working
memory task. Investigators found that reduced activation
of DPFC was tightly linked and predictive of exaggerated
striatal dopamine function (Meyer-Lindenberg et al. 2002).
Thus, the balance of cortical and subcortical dopamine
function appears to be a critical component of the pathophysiology of schizophrenia, and studies described here
are beginning to provide direct evidence of the dopamine
hypothesis via frontostriatal circuit abnormalities.

entially localized to pyramidal neurons in cortical layer II
(Benes et al. 1992b). In addition, the number of vertical
glutamatergic processes in layer II of ACC is increased
(Benes et al. 1992a).
In summary, given the important role of ACC in regulating the activity of the DPFC during attentional tasks
and evidence that attention and other high-order cognitive functions appear to be primary deficits in schizophrenia, the data reviewed suggest a prominent role for abnormal prefrontal–anterior cingulate circuitry in the
disorder.

FRONTOTEMPORAL CIRCUITRY
PREFRONTAL–ANTERIOR CINGULATE CIRCUITRY
Extensive reciprocal connectivity exists between ACC and
DPFC (areas 9 and 46) as well as among other cortical
(orbitofrontal, temporal) and subcortical (including amygdala, parahippocampus, and insula) regions (Mega et al.
1997). ACC has broad integrative functions that include
affect regulation, motivation, and attention (Tamminga et
al. 2000). In particular, recent studies have reported that
ACC serves to signal the occurrence of conflicts in information processing, thereby triggering compensatory
adjustments in cognitive control (reviewed by Botvinick et
al. 2004). For example, investigators who used fMRI to
examine brain activity in subjects performing a cognitive
task designed to produce cognitive conflict (Stroop colornaming task) found that ACC conflict-related activity
predicted both greater DPFC activity and adjustments in
behavior, implicating ACC in conflict monitoring in the
engagement of cognitive control (Kerns et al. 2004).
Several neuroimaging studies have shown abnormal
activation of ACC in schizophrenia. For example, using
PET, Tamminga et al. (1992) identified reduced glucose
metabolism in ACC in medication-free schizophrenic patients compared with control subjects, without evidence
of DPFC changes. PET also has been used to find hypometabolism in ACC during attentional tasks (e.g., Stroop
task) (Carter et al. 1997; Yucel et al. 2002). Furthermore,
in response to psychotomimetic ketamine, schizophrenic
patients show significant activation of ACC, pointing to
ACC involvement in ketamine-induced psychosis (Lahti
et al. 1995).
Considerable neuropathological data corroborate the
neuroimaging findings that implicate abnormalities in
ACC in schizophrenia. Investigators have found reduced
density of GABAergic interneurons in multiple layers of
ACC in schizophrenia compared with healthy control
subjects (Benes et al. 1986, 1991a, 2001). Evidence indicates increased GABAA receptor binding in ACC, prefer-

The temporal lobe has mesial (hippocampus, amygdala,
entorhinal, and perirhinal cortices) and nonmesial (inferior, middle, and superior temporal gyri and anterior temporal pole) subdivisions. The hippocampus and adjacent
entorhinal and perirhinal cortices form the highly interconnected hippocampal complex, which connects with
higher association areas including the cingulate cortex via
Papez’s circuit (Mega et al. 1997). As reviewed, considerable reciprocal connectivity exists between ACC and
DPFC. Direct projections between the hippocampus and
the PFC also have been described (Carr and Sesack 1996;
Swanson 1981). Therefore, direct and indirect connectivity of mesolimbic structures can clearly influence DPFC
function.
Considerable interest in frontotemporal connectivity
in schizophrenia stems in part from the observation that
neonatal hippocampal lesions in rats reproduce several
behavioral, pharmacological, and molecular features that
have been associated with schizophrenia. These include
the delayed emergence of deficits starting in adolescence
(postnatal days 40–60), behavioral abnormalities linked to
increased striatal and mesolimbic dopamine transmission
according to pharmacological challenge studies, impaired
working memory function, and deficits in prepulse inhibition (Lipska and Weinberger 2003). However, it appears that altered development of the prefrontal cortex
subsequent to neonatal hippocampal lesions contributes
to several of the subsequent behavioral abnormalities (i.e.,
amphetamine-induced hyperlocomotion) (Lipska et al.
1998). Another study of adult nonhuman primates that
had medial temporal lobe lesions either as neonates or as
adults found that monkeys that were lesioned as adults
had a reduction in striatal dopamine levels following amphetamine infusion into the DPFC, much as did unlesioned control animals. In contrast, monkeys that were lesioned as neonates had an increase in striatal dopamine
levels following amphetamine infusion (Saunders et al.
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1998). This crucial study highlights the importance of
frontotemporal connectivity and its effect on distal brain
regions (e.g., striatum and its interactions with the
DPFC), especially when considered in the context of
schizophrenia, which is widely accepted as a disorder of
neurodevelopment.
Several studies have suggested frontotemporal dysconnectivity in schizophrenia. For example, when PET was
used to measure brain activity during a cognitive task, control subjects showed reciprocal activation of prefrontal cortex with concomitant deactivation of superior temporal
cortex, whereas subjects with schizophrenia had a failure of
task-related deactivation of superior temporal cortex, suggesting significant frontotemporal dysconnectivity (Fletcher
et al. 1996; Frith et al. 1995). Investigators have used electroencephalography to detect reduced coherence between
frontal and temporal regions, suggesting impaired connectivity and potentially providing a basis for misattribution of
inner thoughts to external voices in schizophrenia (Ford et
al. 2002). Given that both DPFC and temporal cortex are
extensively connected via ACC with considerably less direct connectivity, and given the extent to which cellular and
functional pathology has been associated with ACC, an interesting consideration is the degree to which abnormalities in ACC might underlie frontotemporal deficits. Nevertheless, it is clear from both clinical and preclinical
perspectives that frontotemporal circuit deficits contribute
to the pathophysiology of schizophrenia.

CELLULAR BASIS OF WORKING
MEMORY CIRCUITRY
In this section, we consider the neuropathological basis of
the “working memory circuit.” Working memory deficits
were described earlier, especially in relation to frontostriatothalamic circuits and also hippocampal function. Considerable data on the cellular basis for working memory
have emerged from studies in primates. In particular, the
“delayed-response” task in monkeys is thought to be analogous to working memory tasks in humans. Studies have
found that sustained neuronal firing in the DPFC of monkeys during the delay portion of the delayed-response task
appears to be required for the animal to respond correctly
(Funahashi et al. 1989). The phenomenon of active and
sustained neuronal firing is thought to contribute to working memory function. Furthermore, studies of 2-deoxyglucose use suggest that layer III pyramidal neurons of the
DPFC are involved (Friedman and Goldman-Rakic 1994;
Goldman-Rakic 1995). Numerous postmortem studies
implicate layer III pyramidal cells in DPFC in the neuropathology of schizophrenia, including evidence of re-
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duced somal size (Pierri et al. 2001, 2003; Rajkowska et al.
1998), fewer dendritic spines (Garey et al. 1998; Glantz
and Lewis 2000), and reduced total dendritic length.
These data contribute to a potential cellular basis for impaired working memory function (Lewis and Akil 1997;
Lewis and Lieberman 2000) (see Figure 9–3).
Specifically, layer III pyramidal neurons provide excitatory output in the DPFC, and the principal axons of
these neurons also extend intrinsic collaterals prior to entering the white matter. These collaterals extend horizontally and organize into discrete clusters. Of these clustered
axon collaterals, about half form excitatory synapses with
dendritic spines of pyramidal neurons, and the other half
synapse with dendritic shafts of GABAergic inhibitory
neurons (Dorph-Petersen et al. 2004; Melchitzky et al.
2001), particularly those of the PV-containing class of interneurons (Melchitzky and Lewis 2003). In contrast, the
axon collaterals that travel between clusters primarily
form excitatory synapses with dendritic spines of layer III
pyramidal neurons (Melchitzky et al. 1998). Together,
these findings suggest an important role for layer III pyramidal neurons in the so-called reverberating excitatory
circuit implicated in working memory (Pucak et al. 1996).
Given that layer III pyramidal neurons interact both locally and distally within the DPFC, the neuropathological
deficits described in schizophrenia have the potential to
influence normal working memory function profoundly.

GABA INTERNEURONS
GABAergic chandelier cells form inhibitory synapses on
layer III pyramidal neurons. These synapses arrange to
form so-called cartridges on the axon initial segment of
the pyramidal neurons. Because the excitatory output of
layer III pyramidal cells is modulated by chandelier cell
axon terminals, the chandelier neuron likely represents
another important link in DPFC circuitry underlying working memory function.
Several studies have identified deficits in chandelier
cells in schizophrenia (see Figure 9–3). Specifically, studies found a mean reduction of 40% of GAT-1 cartridges
in DPFC (Woo et al. 1997), and these reductions were
most apparent in deep layer III and layer IV (Pierri et al.
1999). Furthermore, the density of neurons containing
GAT-1 mRNA was reduced by 21%–33% (Volk et al. 2001).
Because the GAT-1 cartridges reflect the point at which
the inhibitory chandelier cells synapse on the axon initial
segment of layer III pyramidal neurons, it is hypothesized
that the inhibitory modulation of excitatory output of pyramidal neurons is significantly altered in DPFC in
schizophrenia, and this represents further evidence of disrupted DPFC circuitry in the disorder.
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Cortical circuitry in schizophrenia.

Schematic diagram summarizing disturbances in the connectivity between the mediodorsal (MD) thalamic nucleus and the dorsal
prefrontal cortex (PFC) in schizophrenia. Postmortem studies have reported that subjects with schizophrenia have 1) decreased
number of neurons in the MD thalamic nucleus; 2) diminished density of parvalbumin-positive varicosities, a putative marker of
thalamic axon terminals, selectively in deep layers III–IV, the termination zone of MD thalamic projections to the PFC; 3) reduced
expression of the mRNA for glutamic acid decarboxylase (GAD 67), the synthesizing enzyme for γ-aminobutyric acid (GABA), in a
subset of PFC GABA neurons; 4) decreased density of GABA transporter (GAT-1)–immunoreactive axon cartridges, the distinctive,
vertically arrayed axon terminals of GABAergic chandelier neurons, which synapse exclusively on the axon initial segment of pyramidal neurons; and 5) decreased dopamine (DA) innervation of layer VI, the principal location of pyramidal neurons that provide
corticothalamic feedback projections.
Source. Reprinted from Lewis DA, Lieberman JA: “Catching Up on Schizophrenia: Natural History and Neurobiology.” Neuron
28:325–334, 2000. Used with permission of Elsevier.

Neuropathology and Neural Circuits Implicated in Schizophrenia

THALAMIC PROJECTION NEURONS
Circuitry underlying working memory also has been
shown to involve afferent projections from the mediodorsal thalamus (Isseroff et al. 1982). Thalamic afferents synapse on dendritic spines of pyramidal neurons in layers III
and IV of DPFC (Giguere and Goldman-Rakic 1988;
Melchitzky et al. 1999). In schizophrenia, several lines of
histopathological evidence converge to indicate that thalamic afferent projections to the DPFC are reduced (Figure 9–3). First, as described earlier, fewer neurons in the
mediodorsal thalamic nucleus in schizophrenia compared
with control subjects have been found in many (Byne et al.
2002; Pakkenberg 1990; Popken et al. 2000; K.A. Young
et al. 2000), but not all (Cullen et al. 2003; DorphPetersen et al. 2004), studies. This suggests that cortical
projections from the thalamus are also reduced.
Second, evidence suggests that PV-immunoreactive
varicosities are reduced in deep layer III and layer IV in
area 9, whereas in the superficial cortical layers, the density of PV-immunoreactive varicosities is unchanged in
schizophrenia (Lewis et al. 2001). Studies in monkey
DPFC in deep layer III and layer IV have found that about
50% of PV-immunoreactive axon terminals are excitatory,
but in layer II and superficial layer III, all PV-immunoreactive varicosities are inhibitory (Giguere and GoldmanRakic 1988). This suggests that the reduction of PV-immunoreactive varicosities in middle cortical layers in DPFC
in schizophrenia indeed reflects fewer afferent thalamic
projections.
Finally, as reviewed earlier, the number of dendritic
spines and the somal volume of layer III pyramidal neurons are reduced in schizophrenia, and both of these findings are consistent with a reduction in thalamic inputs.
Together, these data are consistent with further disruption in DPFC circuitry that underlies working memory in
schizophrenia.

DOPAMINERGIC AFFERENTS
A critical role for an intact DPFC dopaminergic system in
maintaining normal working memory function was first
identified in primates (Brozoski et al. 1979). Because
dopaminergic afferents are known to synapse with both
pyramidal neurons and GABAergic inhibitory neurons in
DPFC (Sesack et al. 1998), the cortical dopamine projections can provide significant modulation of DPFC output.
In schizophrenia, the total length of tyrosine hydroxylase–immunoreactive axons is reduced by approximately
30%, with a similar reduction in dopamine membrane
transporter–positive axons in layer VI of DPFC (Akil et al.
1999) (Figure 9–3). Given that pyramidal neurons in layer
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VI of DPFC project back to the thalamus, the observed
deficits suggest another point of altered corticothalamic
connectivity.

CONCLUSION
The neuropathology of schizophrenia is subtle and lacks
pathognomonic lesions. Even for findings that are considered quite consistent, one or more studies often find
opposite or negative results. Nevertheless, converging
lines of investigation increasingly characterize and identify schizophrenia as a disorder of synaptic dysconnectivity involving multiple interconnected brain circuits.
Most studies find overall neuronal numbers in schizophrenia to be unchanged from those in healthy control
subjects, although certain neuronal subpopulations appear to be reduced, including a marked reduction in mediodorsal thalamus, which may particularly influence
corticothalamic connectivity. Several consistent neurochemical deficits have been identified, especially involving the GABAergic system in DPFC and ACC. Considerable neuropathological research has focused on DPFC,
hippocampus, and ACC, but data also implicate other
brain regions, including temporal, parietal, and occipital
cortices as well as cerebellum, suggesting that the pathophysiology of schizophrenia is not narrowly restricted.
One of the ongoing challenges is to identify etiopathogenic mechanism(s) that can account for the regional, cellular, and molecular diversity of findings that characterize
schizophrenia.
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Although schizophrenia was first identified and examined
in the early studies by Emil Kraepelin (1856–1926) and
Eugen Bleuler (1857–1939) nearly a century ago, the underlying etiology and pathophysiology of the disease remain unknown. Diagnosis requires the presence of hallucinations or delusions, and these positive symptoms
generally improve with antipsychotic treatment. However,
the subtler but perhaps more devastating aspects of schizophrenia, including negative symptoms (e.g., alogia, amotivation, affective flattening) and cognitive dysfunction (impairments in executive functioning, working memory,
attention, social cognition), have proven much more difficult to combat and are becoming the primary targets of
treatment-oriented research. As the clinical diagnosis of
schizophrenia has become more refined, the hypothesis
that it is a heterogeneous group of diseases rather than one
clearly defined disorder has increased in popularity.
In the past quarter-century, increasingly advanced neuroimaging technologies have been used in research on the
etiology and pathophysiology of schizophrenia. Beginning with the first computed tomography (CT) studies of
schizophrenia by Johnstone and colleagues in 1976, imaging research has expanded to include the use of magnetic
resonance imaging (MRI) technology in 1986, allowing

for detailed visualization of brain anatomy. In 1996, the
first functional MRI (fMRI) studies that led to an exciting
and promising area of research by examining in vivo brain
functioning were performed. fMRI has opened the door
to analysis of the cortical dysfunction involved in the long
underrecognized cognitive deficits of schizophrenia.
Cross-sectional and longitudinal structural MRI studies
have shown reductions in regional brain volumes and increases in cerebral spinal fluid spaces (including the lateral, third, and fourth ventricles), adding fuel to the debate about theories of developmental or degenerative
etiology. Neuroimaging studies of schizophrenia—from
very recent MRI studies of at-risk newborns, to prodromal or first-episode individuals, and to longitudinal analyses of chronically ill patients—continue to stimulate scientific inquiry into the etiology and pathophysiology of
this complex disorder.
In this chapter, we provide an overview of the findings
to date of morphological and functional neuropathology
of schizophrenia as assessed through neuroimaging methodologies. In considering the findings of the studies of
functional and structural neuroimaging, it is first useful to
have an understanding of the methodologies used to acquire the evidence.
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NEUROIMAGING METHODS
In this chapter, neuroimaging refers to a wide array of in
vivo techniques that provide a window into the structural
and functional properties of the human brain. These techniques include noninvasive ones, such as CT and nuclear
magnetic resonance (NMR), as well as minimally invasive
techniques, such as positron emission tomography (PET),
requiring an intravenous injection of a radioactive material. Neuroimaging techniques provide a method to discover brain structure or function that is altered from normal and further enable the correlation of these differences
with clinical signs and symptoms. In individuals with schizophrenia, the alterations in brain structure may be quite
subtle, be difficult to detect, and appear as a variety of small
planar, linear, volumetric, and, more recently, shape or
geometric changes in brain morphology. Our purpose in
this section is not only to describe the imaging techniques
but also to discuss procedures that are used to analyze these
images.

NUCLEAR MAGNETIC RESONANCE:
STRUCTURAL MRI, FUNCTIONAL MRI, AND
DIFFUSION TENSOR IMAGING
NMR or MRI provides a high-quality, three-dimensional
image of organs and structures inside the body without X
rays or other radiation. MRI uses a strong magnetic field
to create images of biological tissue, enabling the visualization of anatomy in great detail. Longitudinal MRI
studies can determine when the structural abnormalities
first appeared in the course of a disease, how they will affect subsequent development, and precisely how their
progression correlates with cognitive and emotional aspects of a disorder.
MRI technology is based on the principle that when
the protons in the nucleus of a molecule are placed in an
electromagnetic field, they absorb energy on the basis of
the natural oscillation period (i.e., “spin”) of the protons.
After the protons absorb this energy, they quickly release
the energy as they return to their initial energy state. The
MRI signal detects this energy release. The strength of
the MRI signal depends in part on the density of protons
in the tissue; the greater the density, the greater the signal.
The other factors that determine the signal strength are
the time that it takes for protons to “relax”—that is, return
to their initial energy state. Two parameters measure this
relaxation time, T1 and T2, which vary according to the
microenvironment of the protons. The MR signal can be
manipulated by changing the way in which the nuclei are

initially subjected to electromagnetic energy. This manipulation can change the dependence of the observed signal on
these three signal parameters: proton density, T1, and T2.
Hence several different MRI techniques (“weightings”) are available; some tissue properties are accentuated over others, which changes the ability to detect differences in tissue type. Magnetic coils in the MRI machine
detect these signals, and a computer changes them into an
image based on signal strength. For example, tissue that
contains a lot of water and fat is proton dense and produces a strong signal and hence a bright image; tissue that
contains little or no water, such as bone, produces a relatively weak signal and appears darker. MRI allows images
to be constructed in any plane and thus is particularly
valuable in studying the complex three-dimensional anatomy of the brain and spinal cord.
MRI enables not only the visualization of brain structures with a high spatial resolution but also the measurement of the metabolic correlates of localized neural activity in different brain regions. This technique, referred to
as functional MRI, measures brain activity under resting
and activated conditions. fMRI combines the high spatial
resolution and noninvasive imaging of brain anatomy
offered by standard MRI with a strategy for detecting
changes in blood oxygenation levels driven by neuronal
activity. It allows for more detailed maps of brain areas underlying human mental activities in health and disease.
Ample evidence suggests that signals detected by fMRI
are valid measurements of local changes in neuronal activity (Boynton et al. 1996; Sereno et al. 1995). Nevertheless, it is important to note that fMRI creates images not
of neural activity directly but of physiological activity that
is correlated with neuronal activity. Neurons in the brain
that are engaged during a cognitive task increase their
metabolic demands and the associated energy requirements. Because the brain does not store energy, it must
create adenosine triphosphate energy through the oxidation of glucose. Energy in the form of glucose and oxygen
is delivered into cells through the vascular system; oxygen
then binds to hemoglobin molecules. The increase of
blood oxygen and oxygen delivery displaces deoxygenated
hemoglobin from the capillaries, venules, and small veins
in regions surrounding the active neurons. Because deoxygenated hemoglobin has magnetic field gradients that alter the spins of nearby diffusing hydrogen nuclei, its presence reduces the MR signal intensity in those regions.
Thus, when deoxygenated hemoglobin is removed and
replaced with oxygenated hemoglobin, the increases in
blood flow aiming to replenish the energy demands of active neurons result in a local increase in MR signal. These
changes can be mapped subsequently to localize the regions eliciting the neural activity.

Structural and Functional Neuroanatomy
To date, fMRI has been applied to the study of various
functions of the brain ranging from studies of early sensory
responses (Barch et al. 2003a; Druzgal and D’Esposito
2001) to higher-order, more complex, and abstract cognitive activities and decision-making processes (Ford et al.
2004; Kubicki et al. 2003; MacDonald and Carter 2003).
Most recently, MRI technology has been extended to
the study of the microstructure and diffusion properties of
white matter fibers connecting various brain regions. Diffusion tensor imaging combines MRI principles with
those encoding molecular diffusion in the MRI signal to
detect properties of white matter that are not accessible
through standard structural MRI (for review, see Le Bihan
et al. 2001). The random translational motion of molecules (Brownian movement) in tissue can be anisotropic
(i.e., highly unidirectional), as in white matter. Such diffusion anisotropy measures can be characterized and can
inform us about tissue microstructure. Various local properties of white matter tissue, such as apparent diffusion,
fractional anisotropy (FA), and spatial orientation, will become new features for studying the integrity of connective
fibers in neurodevelopmental or neurodegenerative brain
changes. Global properties (i.e., the tracking of major fiber paths) may lead to a better understanding of brain
connectivity or alterations thereof. In routine clinical MRI,
most of the signal arises from water in tissue, and the visualization of changes in the diffusion properties of water
in tissue with MRI has become a useful, multifaceted tool
to characterize tissue structure and to identify and differentiate disease processes. Diffusion imaging also promises
to further the understanding of brain disorders and abnormalities such as schizophrenia, in which evidence is growing for a more global, distributed pathology potentially affecting the development of major fiber networks in the
brain leading to relative disconnection syndrome.

RADIOTRACER METHODOLOGIES: PET AND SPECT
The first series of neuroimaging studies describing functional changes in the brain of patients with schizophrenia
examined regional cerebral blood flow and cerebral metabolism. Unlike MRI techniques, radiotracer methodologies
such as PET and single photon emission computed tomography (SPECT) involve the administration of radioactively tagged pharmaceuticals that distribute in the
brain according to specific and kinetic pharmacological
properties. PET uses radioactively labeled biological
probes, named tracers, to visualize blood flow changes related to neural activity (Raichle 1987). This method of
measuring brain function is based on the detection of radioactivity emitted when positrons (positively charged
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particles) undergo radioactive decay in the brain. Depending on what brain function is under study, an appropriate compound is labeled with positron-emitting radionuclides to produce three-dimensional PET images.
Depending on the labeled compound, the image may reflect blood flow or metabolic or other chemical activity in
the brain. Numerous sources have shown that signals detected by PET are valid measurements of local changes in
neuronal activity (DeYoe et al. 1996; Raichle 1987). Thus,
PET studies can be used to map functional brain changes
associated with cognitive functions such as learning, language, and attention and cognitive dysfunction in brain
disorders such as schizophrenia. Localizing the neural
sources of changes in these domains will promote a better
understanding of the causes of schizophrenia and monitor
the effectiveness of specific treatments.
In physiological studies of sensorimotor or cognitive
systems, oxygen-15-labeled water can be used to identify
all the brain structures that are involved in a particular
task. Because oxygen-15 has a very short half-life, the injections can be repeated (every 15 minutes) to compare
the regional values of blood flow at rest and during various
cognitive tasks. This method can recognize the regions of
the brain activated during hand movement, reading, listening, or the execution or imagination of a cognitive task.
It also can be applied to identify the brain structures in
which the metabolism is modified during drug treatment.
PET studies also can be used to determine the mode
of action of various drugs. Most psychotropic substances
and drugs act by binding to the recognition, transport, or
degradation sites of neurotransmitters. When labeled with
positron-emitting isotopes, they serve as remarkable tracers in visualizing these specific sites.
Although both PET and SPECT scanning methods
use radiotracers, SPECT scanning relies on the detection
of light signals (scintillation) associated with the emission
of photons, rather than positrons, following nuclear
transformation of the tracer agents penetrating the brain.
These light signals are subsequently converted to electrical impulses, which are amplified and analyzed to determine the location and energy level of the photon. Both
PET and SPECT scanning methods can be used for
studying brain perfusion changes associated with increased neuronal metabolic activity, as well as the pharmacokinetic, brain uptake, and biodistribution of radioligands selective for brain receptor targets. Hence both
methods can be used to evaluate the distribution and number of receptor sites that may be altered by schizophrenia
or by antipsychotic drug treatments, further informing
about the localization of the pathophysiology associated
with schizophrenia.
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F I G U RE 1 0– 1 . Surface rendering of the superior (light beige/aqua), middle (blue/peach), and inferior (gold/yellow)
frontal lobe gyri with a coronal 1.5-mm slice that illustrates the relation of the gyri to the coronal slice.
Source. Reprinted from Shenton ME, Dickey CC, Frumin M, et al.: “A Review of MRI Findings in Schizophrenia.” Schizophrenia
Research 49:1–52, 2001. Used with permission.

STRUCTURAL NEUROANATOMY
OF SCHIZOPHRENIA
Structural MRI studies of schizophrenia have yielded several promising results but also have been fraught with
inconsistencies and contradictory findings. Difficulties in
study recruitment with attendant small sample sizes,
along with high dropout rates, have reduced the power of
many studies. These problems are of concern enough for
cross-sectional studies, and longitudinal designs have
faced even more daunting challenges. However, since the
first MRI studies in 1986, a body of evidence has accumulated that has produced some impressive results and will
guide future research. With the increasing power and
advancing precision of today’s scanners, subsections of
areas previously studied can be examined, perhaps producing more revealing and consistent findings. Advances
in computer science, particularly those in the area of
image processing, have made analysis of data more informative. This section serves to summarize most of the MRI
findings in schizophrenia over the past 15 years. For
detailed review, see Shenton et al. (2001) for an exhaustive
analysis of work done in this area to the year 2000.

FRONTAL LOBE STRUCTURE
The frontal lobes are the “executive center” of the brain.
Emotional, perceptual, cognitive, and volitional processes
are integrated via the frontal lobes, and damage to the
frontal lobes may cause diminished arousal and emotional
functioning, difficulty planning and initiating activity, and
decreased attention, concentration, and inhibition (Freed-

man et al. 1998). The frontal lobes are a highly complex
region of the human brain (constituting about 30% of the
neocortex in humans), having afferent and efferent connections to all other areas of the cortex as well as to limbic
and basal ganglia structures (e.g., Fuster 1997). Prominent structures of the frontal lobes include 1) those areas
governing motor movement, including the primary, premotor, and supplementary motor cortices, and the frontal
eye fields; 2) Broca’s speech production area; 3) the anterior cingulate gyrus, which maintains interconnections
with the spinal cord, limbic system, and orbital frontal
lobes that appear to exert hierarchical control over the
limbic and autonomic system (Gray 1987); 4) the medial
frontal lobes, which integrate volition, emotion, cognition, and motor function; and 5) the dorsolateral prefrontal cortex (DLPFC) , which governs executive decision
making and planning of actions (for a review, see Devinsky
et al. 1995; Joseph 1996). Figure 10–1 is a three-dimensional surface reconstruction of the prefrontal cortex and
its subdivisions into superior, middle, and inferior gyri.
Research into frontal lobe anomalies in schizophrenia
has been pursued because individuals with schizophrenia
consistently show deficits on frontally mediated neuropsychological tasks (Bilder et al. 1992; de la Torre et al.
2005; Saykin et al. 1991, 1994). Additionally, frontal lobe
lesions produce symptoms that are commonly observed in
schizophrenia; for example, damage to the medial frontal
lobes typically causes apathy, paratonic rigidity (gegenhalten), waxy flexibility, or uncontrollable movement of
the extremities. Additionally, deep medial lesions of the
frontal lobes may cause emotional blunting and catatonia
(Luria 1980). Finally, orbital lesions in animals cause sensory disturbances, heightened general arousal, and de-
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creased ability to shift attention appropriately (Fuster
1997) and produce perseveration in humans (Luria 1980).
Postmortem morphometric microscopy studies have
documented increased neuronal density and decreased
neuropil in frontal, temporal, and limbic areas (e.g., Arnold
et al. 1991; Selemon et al. 1998), suggesting diminished
connectivity between these regions and other brain structures. Several studies reported volume reductions in the
frontal lobes of individuals with schizophrenia compared
with healthy subjects. These include selective reductions
in bilateral inferior prefrontal gray matter volume in subjects with schizophrenia relative to healthy subjects
(Buchanan et al. 1998) and to individuals with alcohol dependence (Sullivan et al. 1998b). Wright et al. (1999)
found significant reductions in dorsolateral prefrontal
cortical gray matter volume in patients with schizophrenia relative to healthy control subjects. Finally, Gur and
colleagues (1998) documented decreased frontal lobe volume in both first-episode and previously treated patients,
relative to healthy control subjects, as well as a reduction
in frontal lobe volume in patients 30 months later, suggesting that frontal lobe volumes progressively decline in
schizophrenia (but see Vita et al. 1997).
Volume deficits are found to have functional consequences. For example, frontal lobe gray matter volumes
have been associated with severity of negative symptoms,
and Chua and colleagues (1997) found an inverse relation
between psychomotor poverty and left ventromedial prefrontal gray matter volume in patients with schizophrenia.
Early structural neuroimaging studies of schizophrenia investigated volume differences in the frontal lobes as
a whole: Wible and colleagues (1995) found no differences in frontal lobe volumes, although left prefrontal
gray matter volume was significantly correlated with reductions in volume in several temporal lobe structures
(see also Breier et al. 1992), as well as with negative symptom severity. Others have found reductions in prefrontal
cortical thickness (Selemon et al. 1998) and relations between right prefrontal white matter volume and right
amygdala–hippocampus volume (Breier et al. 1992).
More recent advances in imaging resolution have allowed for structural investigations of subregions of the
frontal lobes. Such investigations have found decreased
frontal volumes in the following areas: white matter (Buchanan et al. 1998); bilateral inferior gyri (Buchanan et al.
1998); middle frontal, middle, medial, and right frontoorbital subregions (Goldstein et al. 1999); and dorsolateral prefrontal gray matter, which was associated with
poor neurocognitive performance on executive function
and attention tasks as well as with more severe negative
symptom severity (Gur et al. 2000). Other recent highresolution structural MRI studies have reported reduced
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cortical gray matter volume and increased cerebrospinal
fluid volume in the frontal and left temporal lobes in
schizophrenia (Mitelman et al. 2003) and bilateral anterior cingulate gray matter volume reductions in patients
with schizophrenia that were relatively greater than reductions in other prefrontal and temporolimbic regions
(Yamasue et al. 2004). The latter result was confirmed by
a diffusion tensor imaging study that found higher cingulate bundle white matter directionality in patients with
auditory hallucinations, suggesting abnormal coactivation
in regions related to the acoustical processing of external
stimuli (Hubl et al. 2004).
An influential review of 193 MRI studies from 1988 to
2000 by Shenton and colleagues (2001) identified subtle
but consistent structural abnormalities in schizophrenia
across investigations, including ventricular enlargement
(80% of studies reviewed), third ventricle enlargement
(73%), and abnormalities of the medial (74%) and superior temporal lobes (100%). There was also evidence for
frontal lobe abnormalities (59%), particularly in prefrontal gray matter and orbitofrontal regions; parietal lobe abnormalities (60%), particularly of the inferior parietal
lobule; subcortical abnormalities (42%–92%, depending
on the structure); and cerebellar abnormalities (31%).
Finally, a few research groups have examined individuals at high risk for developing schizophrenia but who do
not meet current criteria for the disorder (e.g., individuals
with a first-degree relative with schizophrenia). Harris
and colleagues (2004) found increased right prefrontal
lobe gyral folding in individuals who subsequently developed schizophrenia, and Molina and colleagues (2004) reported lower prefrontal gray matter volume in chronically
ill (i.e., illness duration of more than 6 years) but not firstepisode schizophrenic patients. Finally, Yucel and colleagues (2003) reported more poorly developed left paracingulate sulci in young men at ultrahigh risk for developing psychosis.

TEMPORAL LOBE STRUCTURE: SUPERIOR TEMPORAL
GYRUS, HIPPOCAMPUS, AND AMYGDALA
The temporal lobes receive extensive projections from the
somesthetic and visual projection areas and process a wide
range of sensory information. The superior temporal
lobes mediate auditory and linguistic functions, and the
inferior temporal lobes, including the amygdala and hippocampus, subserve emotional, visual, and auditory memory and integration of other perceptual and visceral activity (Joseph 1996).
There are extensive reports of abnormal structural and
neuroanatomical findings in temporal regions in schizophrenia, particularly in certain substructures of the tempo-
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ral lobes, such as the hippocampus. Findings of temporal
lobe pathology range from smaller temporal cortical volume (e.g., Anderson et al. 2002; Dickey et al. 2002a, 2003;
Gur et al. 1998; Henn and Braus 1999; Hirayasu et al.
2000a, 2000b; Ho et al. 2003; Holinger et al. 1999; McCarley et al. 1999, 2002; Shenton et al. 2001; Sumich et al.
2002), to smaller Heschl’s gyri (Dickey et al. 2002b; Kim et
al. 2000; Kwon et al. 1999; Sumich et al. 2002), to smaller
hippocampal formations (Deicken et al. 1998; Fannon et al.
2003; Kasai et al. 2003b; Nasrallah et al. 1997; Shenton et
al. 2002; Sumich et al. 2002; Szeszko et al. 2003) detected
as early as the first episode of the illness onset (Fannon et
al. 2000; Hirayasu et al. 2000a; Kubicki et al. 2002a; Levitt
et al. 2002; Sumich et al. 2002; Szeszko et al. 2003).
Recently, Narr et al. (2004) isolated regional volume
deficits in patients experiencing their first episode of schizophrenia by using two novel and complementary comput-

F I G U RE 10 – 2 .

erized surface-based image analysis techniques (Figure
10–2). Specifically, the authors compared hippocampal
radial distances and perihippocampal cerebrospinal fluid
distributions between diagnostic groups at thousands of
homologous hippocampal surface locations, allowing the
identification of very local changes in hippocampal structure. Their findings indicated that volume reductions resulted from disturbed neurodevelopmental rather than
neurodegenerative processes (Heckers 2001; Wood et al.
2001). Patients without any prior antipsychotic medication exposure also had smaller hippocampal volumes
compared with the healthy group. Although these findings do not rule out the possibility that medications may
affect hippocampal size, the results do show that substantial volume deficits are apparent before any treatment
and that acute treatment does not appear to have a major
effect.

Statistical maps showing significant differences in radial distances in color.

Color bar shows t values and the corresponding two-tailed probability values obtained at each hippocampal surface location. Positive
t values indicate significant surface contractions in first-episode patients compared with control subjects in (a) the average atlas space
of the entire sample and in (b) native scanner space. Significant differences in radial distances between diagnostic groups are also
mapped within (c) female and (d) male groups in atlas space only.
Source. Reprinted from Narr KL, Thompson PM, Szeszko P, et al.: “Regional Specificity of Hippocampal Volume Reductions in
First-Episode Schizophrenia.” Neuroimage 21:1563–1575, 2004. Used with permission.
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Shenton and colleagues (2001) reported that of 51 MRI
studies evaluating whole temporal lobe volume, 31 reported smaller volumes, whereas 20 reported no significant differences (an earlier review by the same researcher
found that 17 of 31 studies indicated smaller temporal
lobe volumes, and 16 of 31 found no difference). Shenton
et al. attributed this disparity to methodological differences in MRI acquisition, including slice thickness and
landmark and slice interpolation differences and the likelihood that diagnostic group differences would be more
evident in structures within the temporal lobe than in the
temporal lobe as a whole. For example, Shenton et al.
(2001) reported that 74% of 49 MRI studies indicated decreased volume of medial temporal lobe structures (i.e.,
the amygdala-hippocampal complex and parahippocampal gyrus) relative to control subjects, although amygdalahippocampal reductions also have been reported in patients with bipolar (Velakoulis et al. 1999), mood (Altshuler et al. 1998), posttraumatic stress (Bremner et al.
1995), and geriatric (Golomb et al. 1993) disorders. The
nonspecificity of the amygdala-hippocampal volume reductions to schizophrenia indicates that this morphology
may be related to a nonspecific risk factor for psychiatric
illness and general cognitive decline, a conclusion strengthened by evidence that individuals at risk for Alzheimer’s
disease (Visser et al. 2002), unaffected siblings of patients
with schizophrenia (Callicott et al. 1998), and prodromal
individuals at ultra-high risk for developing psychosis
(Lawrie et al. 2002; Seidman and Wencel 2003) show hippocampal volume reductions as well. More recent studies
have reported correlations between hallucinations and
smaller left middle and superior temporal gyrus volumes
(Onitsuka et al. 2004), as well as progressive medial temporal volume decline over the course of illness (Velakoulis
et al. 2002).
The superior temporal gyrus lies above the sylvian fissure and subsumes the primary auditory cortex and part of
Wernicke’s area on the left side. Electrical stimulation of
anterior portions of this gyrus have produced auditory
hallucinations in individuals without schizophrenia. Most
structural studies have reported superior temporal gyrus
volume reductions in schizophrenia, whether in just gray
matter (see, e.g., Pearlson 1997) or in both gray and white
matter (see Bryant et al. 1999), and relations between lateral ventricle size and left superior temporal gyral volumes have been reported (Chance et al. 2003; Gaser et al.
2004). Furthermore, brain scans at initial hospitalization
and 18 months later showed progressive volume reduction of the left posterior superior temporal gyrus gray
matter in patients with first-episode schizophrenia but
not in patients with first-episode affective psychosis
(Kasai et al. 2003a) and correlations between anterior su-

perior temporal gyrus volumes and psychotic and negative
symptoms. Superior temporal gyrus volume reductions
also have been documented in nonpsychotic offspring of
patients with schizophrenia, suggesting that superior
temporal gyrus volume reductions may be a marker of risk
for schizophrenia (Rajarethinam et al. 2004). Note, however, that studies of subregions of the superior temporal
gyrus (e.g., right posterior superior temporal gyrus; J. L.
Taylor et al. 2005; see Figure 10–3) have detected volume
increases in schizophrenia. In contrast to the medial temporal lobe volume reductions reported earlier, superior
temporal gyrus volume reductions appear to be specific to
schizophrenia spectrum disorders and apply to schizotypal outpatients as well (Dickey et al. 1999; Downhill et
al. 2001).
Another temporal lobe structure reported to show abnormalities in schizophrenia is the planum temporale.
The planum temporale is a critical brain structure for language processing, particularly in the left hemisphere.
Structural findings generally indicate relatively less leftgreater-than-right asymmetry in patients with schizophrenia relative to control subjects (for a review, see Shapleske et al. 1999), a difference generally attributed to a
smaller left planum temporale in schizophrenic patients.
In addition, reduced planum temporale volumes have
been shown to be associated with positive symptoms
(Crespo-Facorro et al. 2004). However, variations in the
definitions of the planum temporale have led to some inconsistent findings (see Barta et al. 1995).

BASAL GANGLIA, THALAMUS, AND
CAUDATE STRUCTURES
Basal Ganglia
As mentioned previously, in a review by Shenton and colleagues (2001), structural subcortical abnormalities were
identified in 42%–92% of 193 studies. Because many
antipsychotic medications act through dopaminergic
receptors, and the basal ganglia (i.e., the caudate, putamen, globus pallidus, and nucleus accumbens) have extensive dopaminergic inputs, this subcortical structure has
been the focus of recent research. Of the 25 MRI studies
of basal ganglia volume reviewed by Shenton and colleagues (2001), 17 reported significant volumetric differences, with some indicating increases (Bryant et al. 1999;
Shihabuddin et al. 1998) and others indicating decreases
(Corey-Bloom et al. 1995; Lawrie et al. 1999) in basal ganglia volume.
Antipsychotic exposure seems to influence basal
ganglia volume. Several research groups have reported
increased volume over 18–24 months in first-episode pa-
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Three-dimensional view of the superior temporal gyrus (STG) and boundaries.

The STG was defined as the area between the superior temporal sulcus and the sylvian fissure, with the posterior boundary being the
junction where the horizontal ramus of the sylvian fissure and the ascending ramus of the superior temporal sulcus meet (green: left
anterior STG [aSTG]; light blue: left posterior STG [pSTG]).
Source. Reprinted from Taylor JL, Blanton RE, Levitt JG, et al.: “Superior Temporal Gyrus Differences in Childhood-Onset Schizophrenia.” Schizophrenia Research 73:235–241, 2005. Used with permission.

tients and that antipsychotic dose predicted a larger caudate at the second assessment (Chakos et al. 1994; Keshavan et al. 1994). A few studies have reported increased
basal ganglia volume in antipsychotic-naïve patients, indicating that increased basal ganglia volume is not simply an
artifact of medication treatment (Keshavan et al. 1998).

phrenia had significantly smaller thalamic subregion volumes (mediodorsal and pulvinar nuclei). Disagreement
across studies with respect to thalamic volume differences
may be due to the difficulty in identifying thalamic nuclei
with structural fMRI (e.g., Deicken et al. 2002).

Caudate
Thalamus
The thalamus is a major relay station in the brain that
receives input from many cortical and subcortical areas
and that filters (e.g., “gates”) relevant from irrelevant sensory input. Published literature is fairly evenly divided
regarding whether structural thalamic differences are evident in schizophrenia. For example, Arciniegas and colleagues (1999) reported no significant differences in thalamic volumes between patients and control subjects.
Deicken and colleagues (2002) also found no intergroup
differences in total thalamic volume and thalamic asymmetry. However, Ettinger and colleagues (2001) found
smaller thalamic volumes in first-episode patients, and
Kemether et al. (2003) found that persons with schizo-

The basal ganglia are a critical link in the corticostriatonigral-thalamocortical circuitry connecting subcortical to
cortical regions (Braff and Swerdlow 1997), and dysfunction in the basal ganglia has been related to schizophrenia,
Parkinson’s disease, and Huntington’s disease (Heimer et
al. 1991). Similar to the basal ganglia, relations between
caudate volume and schizophrenia appear to be moderated by antipsychotic effects: volumetric studies of the
caudate in schizophrenia generally have found increases
in caudate volume in patients taking typical neuroleptics
(Chakos et al. 1994; Keshavan et al. 1994). However, follow-up studies noted volumetric decreases when these
same patients were switched to atypical antipsychotics
(Chakos et al. 1995; Frazier et al. 1996). Several studies of
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Three-dimensional displacement maps of the lateral ventricles.

Top view of the lateral ventricles showing regional differences from average surface models between schizophrenic patients (n= 25,
SZ) and nonschizophrenic control subjects (n= 28, NC) mapped across gender in both hemispheres. The color bar represents the root
mean square magnitude of displacements in millimeters (mm). Diagnostic group displacements can be seen in the left posterior horn,
on superior ventricular surfaces, and in the vicinity of the caudate nucleus (highest displacement shown in red).
Source. Reprinted from Narr KL, Thompson PM, Sharma T, et al.: “Three-Dimensional Mapping of Temporo-Limbic Regions
and the Lateral Ventricles in Schizophrenia: Gender Effects.” Biological Psychiatry 50:84–97, 2001. Used with permission.

antipsychotic-naïve patients have documented smaller
caudate volumes in persons with schizophrenia (e.g., Corson et al. 1999), suggesting that volumetric decreases are
not just an artifact of medication treatment.

VENTRICULAR ENLARGEMENT
One of the most reproduced and consistent neuroimaging
findings in persons with schizophrenia is lateral ventricular enlargement. Of particular interest is the apparent
increase in ventricular size with progression of the disease
(DeLisi et al. 1997; Lieberman et al. 2001).
Narr and colleagues (2001) found that persons with
schizophrenia show displacements in the left posterior
horn, on superior ventricular surfaces, and in the vicinity
of the caudate nucleus (highest displacement shown in
red; see Figure 10–4) relative to healthy individuals.

Chronically ill patients have shown marked ventricular
enlargement, whereas first-episode patients generally
show much less of an abnormality. Some studies also have
found that the temporal horn of the left lateral ventricle is
disproportionately enlarged in persons with schizophrenia
(Chance et al. 2003; Gaser et al. 2004; Yotsutsuji et al.
2003). This evidence of lateralization and the proximity of
this area to brain regions presumed dysfunctional in
schizophrenia (hippocampus, amygdala, other temporal
lobe structures) have fueled debate surrounding the etiology of the disease. Lateralization of defects has suggested
a neurodevelopmental disease process, whereas ventricular
enlargement as a whole has drawn comparisons to neurodegenerative processes such as Alzheimer’s disease. This
comparison also points out the lack of specificity of this
finding. Patients with Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, and prolonged corticosteroid
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use all show evidence of ventricular enlargement, suggesting that lateral ventricular enlargement in and of itself is
hardly pathognomonic for the disorder. Third ventricular
enlargement has been noted in addition to increased lateral ventricular volume. Although relatively few studies
have focused on the third ventricle, a substantial majority
of the studies reviewed in Shenton et al. (2001) (24 of 33,
or 73%) showed this region to be significantly enlarged in
patients with schizophrenia. Because of the proximity of
the thalamus to the third ventricle, this finding has been
used in support of the theory of thalamic dysfunction in
schizophrenia, posited by Andreasen (1997).
Many structural imaging studies have focused on regional changes in selected structures in schizophrenia, but

other studies have focused on group differences in cortical
gray matter concentration between patients with schizophrenia and healthy subjects. Narr and colleagues (2005),
using such a method (Figure 10–5), reported significantly
reduced intensity-based gray matter concentration in
dorsolateral prefrontal cortex in first-episode patients
compared with control subjects, most prominently in the
middle frontal gyrus, and in the temporal lobe, particularly the superior temporal gyrus bilaterally. Further decreases are visible in inferior parietal regions and in occipital regions in the left hemisphere. No significant increases
in intensity-based gray matter concentration were observed in patients with schizophrenia compared with control subjects.

FI GURE 10–5 . Statistical maps showing significant regional differences in cortical gray matter concentration in
the comparison groups.
Top row: Patients with first-episode schizophrenia (sz) compared with healthy subjects (nc) after covarying for sex. Second row:
Between male and female subjects across diagnostic groups. Third row: For interactions between diagnosis and sex. Last row:
Between diagnostic groups within females (left) and males (right). Probability values, indexed in color, show positive and negative
effects. NS=nonsignificant.
Source. Reprinted from Narr KL, Bilder RM, Toga AW, et al.: “Mapping Cortical Thickness and Gray Matter Concentration in
First Episode Schizophrenia.” Cerebral Cortex 15:708–719, 2005. Used with permission.
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FUNCTIONAL NEUROANATOMY
OF SCHIZOPHRENIA
Schizophrenia is a disorder characterized by multiple symptoms, with a varied course and outcome. The etiology is
unknown, but multiple pathological processes or, equally
likely, a unique pathophysiological process may be involved. The varied clinical and cognitive deficits observed
across patients with schizophrenia suggest that different
clusters of symptoms may reflect functional pathology
coming from different cortical and subcortical neural circuits. Here, we review neuroimaging evidence of impaired functioning across a widely distributed cortical and
subcortical network. We also discuss how these abnormalities might be related to specific signs and symptoms of
schizophrenia.
The current diagnosis of schizophrenia is primarily
phenomenological—that is, based on observation of the
patient’s behavior and subjective experiences. However, a
growing body of evidence suggests that distinct neuropathological processes can be identified in postmortem
brain tissues of individuals with schizophrenia, and novel
neuroimaging methods enable in vivo studies of brain
function and morphology both in individuals with schizophrenia and in their high-risk offspring. In particular,
functional neuroimaging studies over the past decade
have identified specific abnormalities in frontostriatal and
frontolimbic regions in schizophrenia, identifiable as
early as the first onset of the disorder, and have proposed
that these neural dysfunctions may underlie the broad
spectrum of cognitive deficits observed in this disorder.

PREFRONTAL CORTEX DYSFUNCTION
Although many classifications have been proposed to
describe the complex array of deficits associated with
schizophrenia (Grossberg 2000), all models have posited
that many aspects of schizophrenia symptoms can be
ascribed to a breakdown in various prefrontal cortical functions. For instance, poor performance on working memory
and other executive function tasks has been associated with
deficient dorsolateral prefrontal cortex function (AbiDargham et al. 2002; Barch et al. 2002, 2003b; Callicott et
al. 2003a; Manoach 2003; Menon et al. 2001; Perlstein et
al. 2003). Functional neuroimaging studies that used continuous performance tasks and working memory tasks
repeatedly found reduced activation in dorsolateral prefrontal regions in schizophrenic patients (Braus et al. 2002;
Ford et al. 2004; Fuentes 2001; Hazlett et al. 1998; Kiehl
and Liddle 2001; MacDonald and Carter 2003; Perlstein et
al. 2003; Volz et al. 1999). Prefrontal cortex dysfunction
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becomes particularly pronounced under increased task
complexity conditions (see Figure 10–6).
More recent studies have reported significantly greater
activity in dorsolateral prefrontal cortex regions under
certain task conditions in subjects with schizophrenia relative to healthy comparison subjects. Accordingly, some
newer studies have proposed that the relation between
task complexity and cortical activation in subjects with
schizophrenia is characterized by a bell-shaped curve, so
that greater effort is required to perform relatively simple
tasks (corresponding to greater dorsolateral prefrontal
cortex activation), and with greater task complexity, the
person with schizophrenia begins to fail at the task (corresponding to lack of activation) (Callicott et al. 2003b;
Manoach 2003).
Context-dependent response selection and execution
deficits have been associated with dorsolateral prefrontal
cortex activation deficits (Barch et al. 2002, 2003b; MacDonald and Carter 2003; Manoach et al. 1999, 2000),
whereas deficits in the selection of responses according to
their emotional valence and success in achieving rewards
(Rushworth et al. 1997) have been closely associated with
more ventral and orbitofrontal regions of the prefrontal
cortex (Chemerinski et al. 2002; Crespo-Facorro and
Arango 2000). Decreased prefrontal activity also has been
associated with a reduction in incentive motivational signals from suppressed amygdala circuits that project to the
prefrontal regions (Grady and Keightley 2002; Grossberg
2000; Paradiso et al. 2003; Shenton et al. 2001). By providing a motivational aspect to response selection, inferior
or orbital prefrontal regions play an important role in the
selection (Rubia et al. 2001; Spence 2000; S.F. Taylor et
al. 1999) of task-inappropriate behaviors. Thus, in healthy
individuals, the interaction between dorsolateral and
more ventral prefrontal regions provides a balance between task-dependent rule-based response selection and
motivational or incentive-based response inhibition, but
in patients with schizophrenia, these prefrontal subregions appear to be imbalanced. In addition to the interaction between inferior and dorsal prefrontal regions, numerous studies have reported abnormal activation in
anterior cingulate regions, more medial prefrontal areas
involved in performance and response monitoring
(Andreasen et al. 1995; Ardekani et al. 2002; Carter et al.
2001; Fletcher et al. 1999). Taken together, these findings
suggest that the prefrontal cortical dysfunction in schizophrenia is rather widespread and distributed over the dorsolateral, ventral, and medial prefrontal regions, each
contributing to specific aspects of the clinical and cognitive phenomenology.
Despite the overwhelming evidence of prefrontal cortex dysfunction, it remains unclear whether these deficits
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FI GURE 10–6 . Functional magnetic resonance imaging (fMRI) slices showing representative regions that had
greater activation in control subjects relative to schizophrenic patients during a working memory task.
The plots on the right reflect signal intensity in the dorsolateral prefrontal cortex (DLPFC; BA 46/9) for healthy comparison subjects
and subjects with schizophrenia as the percent change in signal intensity from the 0-back condition. Bars represent ±1 standard error.
Source. Adapted from Perlstein WM, Dixit NK, Carter CS, et al.: “Prefrontal Cortex Dysfunction Mediates Deficits in Working
Memory and Prepotent Responding in Schizophrenia.” Biological Psychiatry 53:25–38, 2003. Used with permission.

are present early during the course of the disorder or
whether they emerge following chronic psychotic episodes. Furthermore, it is also unclear whether selective regional functional abnormalities differentiate the various
clinical manifestations of the disorder and show strong
correlations with the severity of the expression of particular clusters of symptoms. Recent fMRI studies examining cortical functions in individuals at high risk for schizophrenia on the basis of subclinical (e.g., prodromal)
symptoms (Morey et al. 2005) have reported significant
deficits in the recruitment of prefrontal cortical regions,
with further deterioration of prefrontal functions during
the course of the illness (Figure 10–7). Furthermore, impairments were not found to be localized to selective prefrontal regions but rather reflected a distributed pathology involving frontal neocortex.

TEMPORAL CORTEX DYSFUNCTION
As significant as reports of prefrontal pathology, numerous
neuroimaging and electrophysiological studies also have
reported significant, early emerging, and neuroprogressive deficits in temporal cortical structure and function in
schizophrenia (Dickey et al. 2003; Ho et al. 2003; Kasai et
al. 2003a, 2003b; Kubicki et al. 2002a, 2002b; McCarley et
al. 2002; Ngan et al. 2003; Sumich et al. 2002). Functional

imaging and electrophysiological studies also have shown
abnormal cortical activation patterns during auditory selective attention tasks or auditory oddball tasks, which
have been determined to rely on superior temporal cortical
region processing (McCarley et al. 1993, 2002; O’Donnell
et al. 1995, 1999; Shenton et al. 1989, 1993).
More recent studies have suggested specific deficits in
frontotemporal connectivity, above and beyond potential
localized frontal or temporal dysfunction, as measured by
electroencephalogram coherence measures and measures
of effective connectivity during auditory oddball tasks
(Winterer et al. 2003).

FUNCTIONAL DEFICITS IN LIMBIC CORTEX AND
MIDBRAIN PATHOLOGY
The limbic system consists of a band of cortical tissue on
the medial sides of the cerebral hemispheres and includes
the amygdala and the hippocampus. In addition to the
cognitive functions described previously, the limbic system is believed to be associated with smell, eating, control
of aggression, expression of emotion, and sexual response.
Levels of dopamine have been shown to be elevated in the
limbic system of individuals with schizophrenia, particularly in the left amygdala. Increased dopamine receptors
also have been found in the thalamus (Gluck et al. 2002).
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FI G URE 10 – 7. Group-averaged, target-related prefrontal activation in control, ultra-high-risk, early schizophrenia, and chronic schizophrenia groups.
Bar graph depicts the prefrontal target-related activation by group (F3,48 =4.6; P<0.01) and region (F1,48 =12.8; P<0.001), with greater
activation in control subjects than in early and chronic groups. There was medial frontal activation for group (F3,48 =3.5; P=0.02),
with greater activation in the control than in the chronically ill group. Bars=mean values; error bars=standard error. ACG=anterior
cingulate gyrus; IFG=inferior frontal gyrus; MFG=middle frontal gyrus.
Source. Adapted from Morey RA, Inan S, Mitchell TV, et al.: “Imaging Frontostriatal Function in Ultra-High-Risk, Early, and
Chronic Schizophrenia During Executive Processing.” Archives of General Psychiatry 62:254–262, 2005. Used with permission.

Dopamine production is under the direct control of
γ-aminobutyric acid (GABA)ergic neurons, such that an abnormally low GABA concentration promotes dopamine
production. Although two GABA receptors have been identified, only GABAA has been consistently shown to be related to schizophrenia. Accumulating evidence suggests that
α5 GABA receptors play a prominent role in the abnormally
high dopamine production that has been shown consistently
to be related to schizophrenic symptomatology and can further be linked to abnormal thalamic regulation and gamma
band synchrony in schizophrenia (Behrendt 2003). In particular, patients with schizophrenia show significant activation impairments during attention and vigilance tasks, especially lower bilateral activation in the thalamic nuclei and in
the right head of the caudate nucleus (Salgado-Pineda et al.
2004). Similar findings were reported in the early PET
studies by Siegel et al. (1993) that showed low metabolic activity rates in medial frontal cortical regions and in the basal
ganglia, consistent with the importance of the cortical-striatal-thalamic pathways in schizophrenia.
Evidence of functional deficits in the midbrain area in
patients with schizophrenia is abundant. These deficits
are assessed with measures such as fMRI, PET, magnetoencephalography, and electrophysiological methods.
The anatomical structures that have been found to be as-

sociated with activation deficits in schizophrenia include
the basal ganglia, caudate, striate, thalamus, anterior cingulate cortex , and anterior cingulate gyrus. These deficits
in brain activation are associated with neurocognitive deficits, particularly in the inability to select task-appropriate
actions while inhibiting task-inappropriate ones.
Deficits in schizophrenia are apparent in a variety of
domains, including impairments in affective and emotional processing (Kalus et al. 2005) and social and cognitive difficulties (Hempel et al. 2003). Consistent with such
findings, activation deficits also have been found in patients with schizophrenia during tasks assessing emotional
and affective competence. Despite behavioral results comparable to those of control subjects, patients showed less
activation in several neural structures when completing a
task viewing affective pictures. The researchers used
evocative pictures to examine the automatic emotional response that requires no elaborate rating or categorization
of stimuli. In patients, the right amygdala, bilateral hippocampal region, medial prefrontal cortex, basal ganglia,
cerebellum, midbrain, and visual cortex were found to
have less activation. In particular, decreased activation in
the right amygdala appears to be an important finding related to dysfunctional emotional behavior in schizophrenia (Takahashi et al. 2004).
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GLOBAL CHANGES: ABNORMAL CONNECTIVITY
HYPOTHESIS
Although many of the studies reviewed in this chapter
have focused on relatively circumscribed anatomical and
functional deficits in schizophrenia, evidence is growing
that schizophrenia is a disorder of cortical connectivity
yielding more global, systemic alterations in cortical and
subcortical structure and function. More specifically,
recent diffusion tensor imaging studies have reported significant functional impairments in frontotemporal and
frontoparietal connections (Burns et al. 2003), which suggest a structural disconnectivity in schizophrenia. In particular, reduced fractional anisotropy in the left uncinate
fasciculus (Kubicki et al. 2002b) and left arcuate fasciculus
in patients with schizophrenia compared with control
subjects has been interpreted as reflecting frontotemporal
and frontoparietal structural disconnectivity in schizophrenia.
More recent studies combining diffusion tensor imaging with magnetization transfer imaging (MTR), a
technique sensitive to myelin and axonal alterations, have
reported divergent findings from these two methods, suggesting that some of the diffusion abnormalities in schizophrenia are likely a result of abnormal coherence, or organization of the fiber tracts, but others may be attributed
to or coincide with myelin or axonal disruption. Decreased diffusion anisotropy was reported in schizophrenia in multiple brain regions (Kubicki et al. 2005),
including the fornix, bilaterally in the cingulum bundle,
the superior occipitofrontal fasciculus, the internal capsule, the right inferior occipitofrontal fasciculus, and the
left arcuate fasciculus. MTR maps, in contrast, showed
changes in the corpus callosum, fornix, right internal capsule, and superior occipitofrontal fasciculus bilaterally;
however, no changes were noted in the anterior cingulum
bundle, the left internal capsule, the arcuate fasciculus, or
the inferior occipitofrontal fasciculus. In addition, the
right posterior cingulum bundle showed MTR but not FA
changes in schizophrenia.

CONCLUSION
The implementation of complex cognitive and affective
functions in the human brain not only depends on the
proper functioning of individual regions but also necessitates the communication between brain regions that
facilitates integration of cognitive, motor, and affective
domains of function. As reviewed in this chapter, structural and functional impairments have been identified

across multiple brain systems in schizophrenia, particularly along frontolimbic pathways and regions. Much of
the current evidence from neuroimaging studies suggests
dysfunctions to be prominently manifest in anterior components of the limbic circuitry, including the thalamus,
basal ganglia, and hippocampus, as well as their target
projection regions in frontal neocortex.
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Schizophrenia is a serious mental illness characterized by
positive, negative, and cognitive symptoms that affect almost all aspects of mental activity, including perception,
attention, memory, and emotion. Symptoms are associated with various degrees of more persistent social and
functional impairments. Schizophrenia affects about 1%
of the U.S. population. It is estimated that people with
schizophrenia occupy 10% of hospital beds in the United
States, and approximately 30% of people with the disease
are hospitalized at one point in their lives.
The disorder begins usually in late adolescence and
early adulthood. The median age at onset is about 23 years
in men and 28 years in women. Onset is rare before 16 years
and uncommon after 50 years. The disorder can have a
relatively acute onset, over the course of 2–3 weeks, or an
insidious one. Most individuals experience a prodromal
phase before the first episode during which certain signs
and symptoms will be present, yet the person does not fulfill all the criteria of the disorder (McGorry et al. 1996).

DIAGNOSIS OF SCHIZOPHRENIA
The definitions and criteria used to establish the diagnosis
of schizophrenia have undergone important and wide
changes over the years despite the fact that the definition
and descriptions of the symptoms themselves have

remained rather stable. The different diagnostic concepts
used over time have been influenced by various factors
outside the specific symptoms of the disorder and have
introduced a significant amount of variability in the way
schizophrenia has been diagnosed. Some of these factors
are 1) the number and type of symptoms included in the
diagnosis (narrow vs. broad definition), 2) short versus
extended duration of symptoms, 3) inclusion of crosssectional versus longitudinal course aspects of the disorder, and 4) inclusion versus exclusion of negative symptoms. Some of these changes in definition can be best
understood in reviewing the historical perspective of the
development of the diagnostic concept of schizophrenia.
Traditionally, American nosology was based on
Bleuler’s four “A’s”: disturbance in Affect, Association, Autism, and Ambivalence. These criteria tended to result in a
relatively broad concept of schizophrenia, which was elaborated in DSM-II (American Psychiatric Association
1968). Other examples of this extended boundary of
schizophrenia were Kasanin’s (1933) schizoaffective schizophrenia, Hoch and Polatin’s (1949) pseudoneurotic schizophrenia and Vaillant’s (1964) good prognosis schizophrenia. DSM-III (American Psychiatric Association 1980) and
DSM-III-R (American Psychiatric Association 1987)
brought about a radical departure from this approach and
introduced a much narrower concept with 1) a clear limitation of the number and type of symptoms, 2) a requirement
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Schneider’s first-rank symptoms

Symptoms

Description

Three special forms of auditory hallucinations

1. Hearing one’s thoughts spoken aloud
2. Hearing voices referring to himself/herself, made in the
third person
3. Auditory hallucinations in the form of a running commentary on one’s activity

Thought withdrawal, insertion, and interruption
Thought broadcasting

One’s thoughts are broadcast to others

Somatic hallucinations

Somatic passivity, in which the patient is the passive and reluctant recipient of externally imposed bodily sensations

Delusional perception

A normal perception followed by delusional and highly personalized interpretation

Ideas of passivity

Feelings, impulses, or motor activity are experienced, influenced, or controlled by external agents

Note. Schneider’s diagnostic concept of schizophrenia has had considerable influence on almost all diagnostic systems subsequently developed. However, later studies have shown that Schneiderian first-rank symptoms are not entirely pathognomonic and that they can be found in other psychotic
disorders as well, such as depression and mania (Carpenter et al. 1973; Wing and Nixon 1975).

for a specific duration of symptoms, and 3) the inclusion of
a course criterion. This development was the result of critiques of the lack of reliability and validity of diagnosis
(Beck et al. 1962; Spitzer and Fleiss 1974) and the important influence of the German phenomenological school
with the introduction of Schneider’s “first-rank symptoms”
(Schneider 1959, 1974) (Table 11–1), which focused on
specific allegedly pathognomonic symptoms of schizophrenia. In addition, the work of the Washington University
School (Feighner et al. 1972) (Table 11–2) introduced the
requirement of duration of at least 6 months before the diagnosis could be established. The symptoms included in
the definition of schizophrenia in DSM-III were largely
based on Schneiderian first-rank symptoms, with the requirement of 6 months’ duration, which included prodromal and residual periods of illness. This definition resulted
in a much narrower concept of schizophrenia, somewhat
closer to the British and European concept of the disorder.
There was a further narrowing with the introduction
of DSM-IV (American Psychiatric Association 1994) and
DSM-IV-TR (American Psychiatric Association 2000),
which include specific negative symptoms (Table 11–3).
Criterion A in DSM-IV includes four positive symptoms
and one negative symptom; at least two of these have to
be present for this criterion to be fulfilled. The criterion
for duration of acute phase symptoms was extended from
1 week to 1 month. If delusions (criterion A) are judged to
be bizarre, only this single symptom is required to satisfy
criterion A for schizophrenia. Similarly, the diagnosis of
schizophrenia can be made with only hallucinations

within criterion A, if these consist of voices keeping up a
running commentary on the person’s behavior or thoughts
or if two or three voices are conversing with each other.
DSM-IV-TR uses the term disorganized speech instead of
incoherence or marked loosening of associations for the schizophrenic thought disorder. Negative symptoms, such as affective flattening, alogia, and avolition, are now included
in criterion A. For criterion B, the requirement for a decrease in social/occupational functioning is broadened.
Criterion C requires continuous signs of the disorder for
at least 6 months, whereas criterion D delineates schizophrenia from schizoaffective and mood disorders.
The definition of schizophrenia remains somewhat
different in the International Classification of Diseases,
10th Revision (ICD-10; World Health Organization 1992)
(Table 11–4). ICD-10 takes a more cross-sectional approach without including the decline in social/occupational functions as required by DSM-IV-TR. The requirement for duration of symptoms is reduced to only
1 month, in contrast to 6 months in DSM-IV-TR.
Among the positive symptoms, Schneiderian symptoms
are well represented, and only one is required for the diagnosis of schizophrenia, reflecting the pathognomonic
importance ICD-10 continues to give to the Schneiderian
first-rank symptoms. Negative symptoms such as marked
apathy, paucity of speech, and blunting or incongruity of
emotional responses are given more prominence as well.
The ICD-10 definition is narrower than the DSM-IV-TR
definition regarding positive symptoms in that it requires
predominantly Schneiderian first-rank symptoms.
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The Washington University criteria (Feighner criteria) for schizophrenia

For a diagnosis of schizophrenia, A through C are required:
A. Both of the following are necessary:
1. A chronic illness with at least 6 months of symptoms prior to the index evaluation without return to the premorbid level of
psychosocial adjustment.
2. Absence of a period of depressive or manic symptoms sufficient to qualify for affective disorder or probable
affective disorder.
B. The patient must have at least one of the following:
1. Delusions or hallucinations without significant perplexity or disorientation associated with them.
2. Verbal production that makes communication difficult because of a lack of logical or understandable organization. (In the
presence of muteness the diagnostic decision must be deferred.)
C. At least three of the following manifestations must be present for a diagnosis of “definite” schizophrenia, and two for a diagnosis
of “probable” schizophrenia.
1. Single
2. Poor premorbid social adjustment or work history
3. Family history of schizophrenia
4. Absence of alcoholism or drug abuse within 1 year of onset of psychosis
5. Onset of illness prior to age 40
Note. The Washington University or St. Louis or Feighner criteria, published in 1972, represented the first diagnostic classification validated primarily by follow-up and family studies rather than by clinical judgment and experience (Feighner et al. 1972). Feighner criteria were also the first of
the commonly used diagnostic criteria for schizophrenia to assign operational diagnostic criteria to each disorder included.
Source. Reprinted from Feighner JP, Robbins E, Guze SB, et al.: “Diagnostic Criteria for Psychiatric Research.” Archives of General Psychiatry 26:57–
63, 1972. Used with permission.

Although ICD-10 includes a prodromal phase in
schizophrenia, the criterion of greater than 1 month’s duration of symptoms does not include the prodromal phase.
Conversely, DSM-IV-TR acknowledges the prodromal
phase, which may be prevalent during the 6-month diagnostic period and is part of the evolving disorder.
In terms of affective symptoms, DSM-IV-TR criteria
for schizophrenia allow for the presence of affective
symptoms if the symptoms are relatively brief, whereas
ICD-10 specifies that they must follow the psychotic
symptoms. The subtypes of ICD-10 and DSM-IV-TR
are undifferentiated, residual, disorganized (hebephrenic in ICD-10), catatonic, and paranoid schizophrenia
(Table 11–5). In addition, ICD-10 contains simple and
postschizophrenic depression as subtypes. Table 11–6 provides a comparison between ICD-10 and DSM-IV-TR diagnostic systems.

DIAGNOSTIC ASSESSMENT TOOLS
The diagnostic classifications most often used in clinical
practice are DSM-IV-TR and ICD-10. The Research Diag-

nostic Criteria (RDC; Spitzer et al. 1978) are mostly used
in research. (The RDC, introduced in 1975, were modified and expanded from the Feighner criteria. The requirement of illness duration shortened from 6 months to
2 weeks [see Table 11–7].) The reliability of diagnostic
assessments and of the characteristic symptoms of schizophrenia can be improved by the use of structured interview
instruments. Among these are the Present State Examination (PSE; Wing 1970), Schedule for Affective Disorders
and Schizophrenia (SADS; Endicott and Spitzer 1978),
Diagnostic Interview Schedule (DIS; Robbins et al. 1981),
Structured Clinical Interview for DSM-IV (SCID; First et
al. 1997), and Comprehensive Assessment of Symptoms
and History (CASH; Andreasen 1985).
In the following sections, we discuss the characteristic
symptoms of schizophrenia, their differential diagnosis,
their assessment, and some of their neurocognitive correlates. The symptoms are grouped into five syndromal
domains—1) positive symptoms, 2) negative symptoms,
3) cognitive symptoms, 4) excitement symptoms, and
5) anxiety/depression symptoms—based on our own analyses of extensive psychometric data (Lindenmayer et al.
1994, 1995).
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DSM-IV-TR diagnostic criteria for schizophrenia

A. Characteristic symptoms: Two (or more) of the following, each present for a significant portion of time during a 1-month period
(or less if successfully treated):
1.
2.
3.
4.
5.

Delusions
Hallucinations
Disorganized speech (e.g., frequent derailment or incoherence)
Grossly disorganized or catatonic behavior
Negative symptoms (i.e., affective flattening, alogia, or avolition)

Note. Only one criterion A symptom is required if delusions are bizarre or hallucinations consist of a voice keeping up a
running commentary on the person’s behavior or thoughts, or two or more voices are conversing with each other.
B. Social/occupational dysfunction: For a significant portion of the time since the onset of the disturbance, one or more major
areas of functioning such as work, interpersonal relations, or self-care are markedly below the level achieved prior to the onset
(or when the onset is in childhood or adolescence, failure to achieve the expected level of interpersonal, academic, or occupational
achievement).
C. Duration: Continuous signs of the disturbance persist for at least 6 months. This 6-month period must include least 1 month
of symptoms (or less if successfully treated) that meet Criterion A (i.e., active-phase symptoms) and may include periods of
prodromal and residual symptoms. During these prodromal or residual periods, the signs of the disturbance may be manifested
by only negative symptoms or two or more symptoms listed in criterion A present in an attenuated form (e.g., odd beliefs,
unusual perceptual experiences).
D. Schizoaffective and mood disorder exclusion: Schizoaffective disorder and mood disorder with psychotic features have been
ruled out because either 1) no major depressive, manic, or mixed episodes have occurred concurrently with the active-phase
symptoms; or 2) if mood episodes have occurred during active-phase symptoms, their total duration has been brief relative to
the active and residual periods.
E. Substance/general medical condition exclusion: The disturbance is not due to the direct physiological effects of a substance
(e.g., a drug of abuse, a medication) or a general medical condition.
F. Relationship to a pervasive developmental disorder: If there is a history of autistic disorder or another pervasive developmental
disorder, the additional diagnosis of schizophrenia is made only if prominent delusions or hallucinations are also present for at
least a month (or less if successfully treated).
Note. The 4th edition of the DSM-IV was published in 1994 and the text revision in 2000. The greatest difference between the DSM-III-R (American Psychiatric Association 1987) and DSM-IV-TR (American Psychiatric Association 2000) criteria for schizophrenia is in the description of characteristic symptomatology. The criterion for duration of acute-phase symptoms is extended from 1 week to 1 month. Hallucinations are no longer
required to be prominent. DSM-IV-TR uses the term disorganized speech instead of incoherence or marked loosening of associations for schizophrenic
thought disorder. Negative symptoms were included in the criteria for the first time in the DSM system in the 4th edition.
Source. Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision. Arlington,
VA, American Psychiatric Association, 2000. Copyright 2000, American Psychiatric Association. Used with permission.

DEVELOPMENT OF THE SYNDROMAL
CONCEPT OF SCHIZOPHRENIA
Schizophrenia is a disorder with a significant heterogeneous presentation of symptoms both in individual patients and over the course of the illness. Observations by
more recent cross-sectional and longitudinal analysis of
schizophrenic symptoms have led to the conceptualization of two replicable psychopathological domains of
symptoms, the positive and negative symptom domains.
The terms positive and negative symptoms were first used by
the neurologist Hughlings Jackson (1887–1888), in his
conceptualization of neurological organic brain disease.
Positive symptoms include hallucinations, delusions, dis-

organized speech, behavior, and catatonic symptoms,
whereas negative symptoms include affective blunting,
poverty of speech, anhedonia, and avolition (Andreasen et
al. 1995).
Crow (1980, 1985), in a seminal contribution, applied
this concept to schizophrenia and described type I and
type II schizophrenia, which he considered as dichotomous syndromes with relatively independent underlying
pathophysiological processes. Crow postulated that the
negative syndrome (type II schizophrenia) would be stable
because it was hypothesized to reflect structural brain abnormalities (e.g., enlarged ventricles) and dopaminergic
hypofunction leading to lesser antipsychotic responsiveness and to poor outcome. Type II reflected an underlying
degenerative process or a developmental impairment. In
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ICD-10 diagnostic criteria for schizophrenia

Either at least one of the syndromes, symptoms, and signs listed under 1 below, or at least two of the symptoms and signs listed
under 2 should be present for most of the time during an episode of psychotic illness lasting for at least 1 month (or at some
time during most of the days):
1. At least one of the following must be present:
A. Thought echo, thought insertion or withdrawal, or thought broadcasting.
B. Delusions of control, influence, or passivity, clearly referred to body or limb movements or specific thoughts, actions, or
sensations; delusional perception.
C. Hallucinatory voices giving a running commentary on the patient’s behavior, or discussing the patient among themselves,
or other types of hallucinatory voices coming from some part of the body.
D. Persistent delusions of other kinds that are culturally inappropriate and completely impossible.
2. Or at least two of the following:
A. Persistent hallucinations in any modality, when occurring every day for at least 1 month, when accompanied by delusions
without clear affective content, or by persistent overvalued ideas.
B. Neologisms, breaks, or interpolations in the train of thought, resulting in incoherence or irrelevant speech.
C. Catatonic behavior, such as excitement, posturing, or waxy flexibility, negativism, mutism, or stupor.
D. “Negative” symptoms, such as marked apathy, paucity of speech, and blunting or incongruity of emotional
responses.

II. Exclusion clauses:
If the patient also meets criteria for manic episode or depressive episode, the criteria listed under I(1) and I(2) above
must have been met before the disturbance of mood developed.
The disorder is not attributable to organic brain disease, or to alcohol- or drug-related intoxication, dependence, or
withdrawal.
Source. Reprinted from World Health Organization: International Statistical Classification of Diseases and Related Health Problems, 10th Revision. Geneva, World Health Organization, 1992. Used with permission.

contrast, patients with positive schizophrenia (type I
schizophrenia) had normal brain structures, good response to treatment, and better outcomes. Andreasen and
Olsen (1982) further elaborated the syndromal concept of
schizophrenia by contributing definitive psychopathological descriptions of the two domains. They proposed that
positive-symptom patients and negative-symptom patients can be classified into two distinct categories. However, this dichotomous typological approach was later
found not to be valid because many patients could not be
classified as belonging to either category and in fact showed
features of both syndromes (Andreasen et al. 1990; Kay
1990).
A heuristically fruitful approach is to consider the positive and negative syndromes as representing different psychopathological dimensions rather than coexclusive subtypes of schizophrenia (Kay 1990). The two syndromes
differ in their association with premorbid functioning,
family history of illness, cognitive profile, and neurological
signs. Longitudinal studies have generally shown that negative symptoms are more stable than positive symptoms
and are less likely to improve over the course of the illness
(Addington and Addington 1991; Kay et al. 1986; Lindenmayer et al. 1984, 1986; Pfohl and Winokur 1982).

Another important reason for the development and
renewed research interest in the characteristics of positive
and negative syndromes was the development of rating
scales for the assessment of schizophrenia symptoms,
which used the subdivision into positive and negative
symptoms (see Andreasen 1982; Fenton and McGlashan
1992; Kay et al. 1987; Moller et al. 1994). These scales use
highly operationalized and standardized items, with specifically defined levels of severity. They have to some degree supplanted the Brief Psychiatric Rating Scale (BPRS;
Overall and Gorham 1962), an 18-item symptom scale
that includes a more narrow set of schizophrenia symptoms. Andreasen (1982) and colleagues developed the Scale
for the Assessment of Positive Symptoms (SAPS) and the
Scale for the Assessment of Negative Symptoms (SANS),
consisting of 35 and 29 items, respectively. The SAPS
groups positive symptoms into five subscales of symptoms
(hallucinations, delusions, bizarre behavior, positive formal thought disorder, and inappropriate affect) (Table 11–8),
whereas the SANS includes five areas of negative symptoms (affective flattening or blunting, alogia, avolitionapathy, anhedonia-asociality, attention) (Table 11–9). Scoring of items is based on a 6-point scale from 0 (not present) to 5 (severe).
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Subtypes of schizophrenia (DSM-IV-TR and ICD-10)

Paranoid schizophrenia

Primarily marked by delusions of persecution and/or grandeur and frequent auditory hallucinations.
Generally does not include the degree of disorganization of speech/behavior seen in other subtypes.
Individuals are tense, suspicious, and guarded.
Associated features include anxiety, anger, aloofness, and argumentativeness.
Onset often later compared with other schizophrenia subtypes; little or no impairment in neurocognitive functions (American Psychiatric Association 2000).
DSM-IV-TR diagnostic criteria for paranoid schizophrenia include a preoccupation with one or
more paranoid delusions, which may be systematized, or frequent auditory hallucinations along
with no prominent symptoms of disorganized speech, disorganized behavior, or flat/inappropriate affect.
ICD-10 diagnostic criteria are similar to those of the DSM-IV-TR but exclude paranoia and
involutional paranoid state.

Disorganized or hebephrenic
schizophrenia

Primarily marked by inappropriate affect, disorganized speech, and maladaptive behavior.
Disorganized (hebephrenic) behavior can lead to significant interference with activities of daily
living.
DSM-IV-TR diagnostic criteria include disorganized speech, disorganized behavior, and flat/inappropriate affect and exclude catatonia and delusions and hallucinations that are systematized
into a lucid theme.
ICD-10 criteria are similar to DSM-IV-TR criteria but add that the disorganized/hebephrenic
subtype should normally be diagnosed for the first time only in adolescents or young adults, with
a period of 2–3 months of observation ensuring sustained characteristic features.
ICD-10 also indicates that the premorbid personality of these individuals includes timid and solitary
behavior.

Undifferentiated
schizophrenia

Incorporates a combination of symptoms from other subtypes.
Individuals should meet criterion A of DSM-IV-TR (American Psychiatric Association 2000,
p. 312; see also Table 11–3 in this chapter) and should not have symptoms of catatonia or paranoid
and disorganized schizophrenia.
ICD-10, although following DSM-IV-TR criteria, includes the stipulation that undifferentiated
schizophrenia should not satisfy the criteria for residual schizophrenia (described below) or
postschizophrenia depression.

Residual schizophrenia

A state in which the individual is not currently suffering from severe delusions, hallucinations, or
disorganized speech and behavior but lacks motivation and interest in day-to-day living.
DSM-IV-TR diagnostic criteria include an absence of prominent delusions, hallucinations, disorganized speech, and grossly disorganized or catatonic behavior. It also specifies the existence
of negative symptoms or two or more of the symptoms specified in criterion A (American Psychiatric Association 2000, p. 312; see also Table 11–3 in this chapter) present in an attenuated
form (e.g., odd beliefs).
ICD-10 adds as a requirement an absence of dementia or other organic brain disease or disorder
and chronic depression or institutionalism that could explain the negative impairments.

Catatonic schizophrenia

Primarily marked by motor disturbances ranging from immobility to excessive meaningless activity.
Dominated by psychomotor symptoms.
DSM-IV-TR diagnosis includes two or more and ICD-10 specifies at least one of the following
behaviors: stupor (marked reduction or suspended sensibility) or mutism, excitement not influenced by external stimuli, bizarre postures, meaningless resistance toward instructions or attempts to be moved, rigidity, waxy flexibility, and echolalia or echopraxia.
Differential diagnosis includes brain disease, metabolic instability, substance abuse, or mood disorders such as bipolar disorder.
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Comparison of the DSM-IV-TR and ICD-10 diagnostic criteria for schizophrenia
DSM-IV-TR

ICD-10

Duration of symptoms

≥ 1 month; prodromal or residual features
for at least 6 months

≥ 1 month

Course

Deterioration should be present from
a premorbid level of functioning

N/A

Characteristic symptoms:
one present

Bizarre delusions (primary or secondary
delusions)
Voices commenting/conversing

Thought echo/insertion/withdrawal/broadcasting
Delusions of control, delusional perception
Voices commenting/conversing or coming from
a part of the body
Persistent impossible delusions

Other symptoms that are less Other delusions
specific: two present
Other hallucinations
Disorganized speech
Grossly disorganized or catatonic behavior
Negative symptoms

Other persistent hallucinations
Thought-form disorder
Catatonia
Negative symptoms
Significant personality change

Affective symptoms

Affective syndrome included if relatively
brief

Affective symptoms, if present, must follow
psychotic symptoms

Social/occupational
dysfunction

One or more major areas of dysfunction
(work, occupation, interpersonal)

N/A

Exclusion criteria

Schizoaffective or mood disorder
Substance use or general medical condition
Pervasive developmental disorder

Schizoaffective or mood disorder
Drug intoxication or withdrawal
Overt brain disease

TA BL E 1 1 – 7.

Research Diagnostic Criteria (RDC) for schizophrenia

A. During an active phase of the illness, at least two of the following are required for definite and one for probable diagnosis of
schizophrenia:
1.
2.
3.
4.
5.

Thought broadcasting, insertion, or withdrawal
Delusions of being controlled or influenced, other bizarre delusions, or multiple delusions
Somatic, grandiose, religious, nihilistic, or other delusions without persecutory or jealous content lasting at least 1 week
Delusions of any type if accompanied by hallucinations of any type for at least 1 week
Auditory hallucinations in which either a voice keeps up a running commentary on the subject’s behaviors or thoughts as
they occur or two or more voices converse with each other.
6. Nonaffective verbal hallucinations spoken to the subject
7. Hallucinations of any type throughout the day for several days or intermittently for at least 1 month
8. Definite instances of marked formal thought disorder (as defined in this manual) accompanied by either blunted or
inappropriate affect, delusions or hallucinations of any type, or grossly disorganized behavior
B. Signs of the illness have lasted at least 2 weeks from the onset of a noticeable change in the subject’s usual condition.
C. At no time during the active period of illness being considered has the subject met the full criteria for either probable or definite
manic or depressive syndrome to such a degree that it was a prominent part of the illness.
Note. RDC included five subtypes of schizophrenia; prominent symptoms of each type were delusions and/or hallucinations in the paranoid type,
marked formal thought disorder and inappropriate or blunted affect or not well-organized delusions or hallucinations in the disorganized type, and
catatonic symptoms in the catatonic type.
Source. Reprinted from Spitzer RL, Endicott J, Robins E: “Research Diagnostic Criteria for a Selected Group of Functional Disorders.” New York,
New York State Psychiatric Institute, 1978.
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TA BL E 1 1 – 8. Scale for the Assessment of Positive
Symptoms (SAPS) items
Hallucinations
1. Auditory hallucinations
2. Voices commenting
3. Voices conversing
4. Somatic and tactile hallucinations
5. Olfactory hallucinations
6. Visual hallucinations
7. Global rating of severity of hallucinations
Delusions
1. Persecutory delusions
2. Delusions of jealousy
3. Delusions of sin and guilt
4. Grandiose delusions
5. Religious delusions
6. Somatic delusions
7. Ideas and delusions of reference
8. Delusions of being controlled
9. Delusions of mind reading
10. Thought broadcasting
11. Thought insertion
12. Thought withdrawal
13. Global rating of the severity of the delusions
Bizarre behavior
1. Clothing and appearance
2. Social and sexual withdrawal
3. Aggressive and agitated behavior
4. Repetitive or stereotyped behavior
5. Global rating of the severity of bizarre behavior
Positive formal thought disorder
1. Derailment (loose associations)
2. Tangentiality
3. Incoherence (word salad)
4. Illogicality
5. Circumstantiality
6. Pressure of speech
7. Distractible speech
8. Clanging
9. Global rating of positive formal thought disorder
(Inappropriate affect: single item rating of degree of
inappropriate affect)
Source. Reprinted from Andreasen NC: “Negative Symptoms in
Schizophrenia: Definition and Reliability.” Archives of General Psychiatry
39:784–788, 1982. Copyright 1982, American Medical Association.
Used with permission.

Similarly, Kay and colleagues (1987) created the Positive and Negative Syndrome Scale (PANSS), consisting
of three subscales measuring 7 positive, 7 negative, and 16
general psychopathology symptoms (Table 11–10). Items
are scored from 1 to 7, with 1 being absent and 7 extreme.
Both scales have developed precise operationalized item

descriptions with defined levels of severity. They have
shown excellent reliability and internal and external validity, resulting in their wide use in research and treatment
studies.
More recently, it has become clear that the traditional
positive-negative distinction of schizophrenic phenomenology is incomplete and must be enlarged to include other,
in part nonoverlapping, syndromal domains, such as cognitive and affective symptoms. A number of studies have
examined the symptom presentation of large samples of
patients with schizophrenia using factor analysis of symptoms assessed with the newer symptom scales. These studies have resulted in a number of expanded syndromal
models of schizophrenia. They range from the original
two-dimensional model (positive-negative) to five-dimensional models and are associated with various levels of validity based on course, demographic, neurocognitive, and
treatment response correlates (Table 11–11).
Most factor analyses based on the SAPS and the SANS
have suggested a clustering of schizophrenia symptoms
into three factors (Andreasen et al. 1995; Liddle 1987;
Peralta et al. 1992): 1) positive or psychotic cluster (hallucinations, delusions, catatonic symptoms), 2) negative
cluster (anhedonia, avolition, poverty of speech, blunted
affect), and 3) disorganization cluster (disorganized speech,
inappropriate affect, bizarre behavior). Using the PANSS,
Lindenmayer and colleagues (1994) proposed a five-factor
model of schizophrenia, consisting of a positive factor
(delusions, hallucinatory behavior, grandiosity, unusual
thought content, suspiciousness/persecution), a negative
factor (blunted affect, emotional withdrawal, poor rapport, passive/apathetic social withdrawal, lack of spontaneity, active social avoidance), an excitement factor (excitement, hostility, uncooperativeness, poor impulse
control), a cognitive factor (conceptual disorganization,
difficulty with abstract thinking, disorientation, poor attention, preoccupation), and a depression/anxiety factor
(anxiety, guilt feelings, tension, depression). This model
has proved to be very robust across various phases of the
illness, cross-culturally and longitudinally, as well as stable
after antipsychotic treatments (Lindenmayer et al. 1995;
Marder et al. 1997; Peralta et al. 1992; Toomey et al. 1997;
White et al. 1997).
This dimensional approach has several important advantages over a categorical approach in the diagnosis,
pathophysiology, and treatment of schizophrenia. It is
highly unlikely that schizophrenic symptoms are caused
by a single underlying single neurotransmitter or pathophysiological abnormality. It is heuristically more plausible that each psychopathological syndromal dimension
relates to an underlying pathophysiological abnormality,
which in turn may be associated to one or more liability
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genes. This approach also has the advantage of accommodating the apparent continuity of some clinical manifestations seen in disorders represented in the schizophrenia
spectrum concept. For example, the diagnosis of schizotypal personality disorder is characterized by social and
interpersonal deficits (negative symptoms) and cognitive
distortions but does not rise to the full diagnosis of schizophrenia. The syndromal approach furthermore allows for
the evaluation of treatment interventions on each one of
the psychopathological domains separately and to define
comorbidity phenomena more appropriately.
Refining the negative syndrome concept further, Carpenter and colleagues (1988, 1991) called attention to the
differences between primary negative symptoms and secondary negative symptoms. Primary negative symptoms
are thought to be expressions of the avolitional aspects of
schizophrenia, to fluctuate less over the course of the illness, to be less responsive to situational changes, and to
rarely remit (Carpenter and Kirkpatrick 1988). Secondary
negative symptoms are reversible and often caused by
drug effects (e.g., extrapyramidal symptoms), depression,
or absence of stimulation. Carpenter and Kirkpatrick
(1988) also proposed referring to primary negative symptoms as “deficit symptoms.” They proposed that negative
symptoms should be used as a descriptive term without
implications concerning cause or duration. However, in
clinical practice it may be difficult to reliably differentiate
primary from secondary negative symptoms (Flaum and
Andreasen 1995). It is likely that the underlying pathophysiological mechanisms are varied, although they may
produce phenomenologically and clinically difficult to
differentiate syndromes.

POSITIVE SYMPTOMS
CONCEPT OF POSITIVE SYMPTOMS
Positive symptoms of schizophrenia are symptoms that are
in excess of or distortions of normal functions—specifically additions to normal thoughts, emotions, or behaviors
(Weiden et al. 1999). Because of their relatively easier
recognition and easier quantitative assessment, positive
symptoms, more than negative symptoms, have been used
in the past in diagnostic classificatory systems (e.g., as
Schneiderian first-rank symptoms; Feighner criteria;
Research Diagnostic Criteria for Schizophrenia). Positive
symptoms can be present throughout the different phases
of the disorder, from the prodromal phase to the acute psychotic phase and to a lesser degree in the more stable
postpsychotic or residual phase. Positive symptoms are
generally the targets of treatment with antipsychotic medications and are considered to be treatment responsive.

TA B L E 11 – 9 . Scale for the Assessment of Negative
Symptoms (SANS) items
Affective flattening or blunting
1. Unchanging facial expression
2. Decreased spontaneous movements
3. Paucity of expressive gestures
4. Poor eye contact
5. Affective nonresponsivity
6. Lack of vocal inflections
7. Global rating of affective flattening
Alogia
1. Poverty of speech
2. Poverty of content of speech
3. Blocking
4. Increased latency response
5. Global rating of alogia
Avolition-apathy
1. Grooming and hygiene
2. Impersistence at work or school
3. Physical anergia
4. Global rating of avolition-apathy
Anhedonia-asociality
1. Recreational interests and activities
2. Sexual interest and activity
3. Ability to feel intimacy and closeness
4. Relationships with friends and peers
5. Global rating of anhedonia–asociality
Attention
1. Social attentiveness
2. Inattentiveness during mental status testing
3. Global rating of attention
Source. Reprinted from Andreasen NC: “Negative Symptoms in
Schizophrenia: Definition and Reliability.” Archives of General Psychiatry
39:784–788, 1982. Copyright 1982, American Medical Association. Used
with permission.

Kurt Schneider (1959) sought to identify signs and
symptoms that would be highly discriminating and pathognomonic for schizophrenia (Andreasen and Carpenter
1993; see Table 11–1 earlier in this chapter). Schneider’s
first-rank symptoms of schizophrenia are strongly suggestive of schizophrenia. Other symptoms, which occur
frequently in schizophrenia and are important in the diagnosis of the illness but do not have the same close relationship to the illness as first-rank symptoms, were called
second-rank symptoms.

DELUSIONS
Delusions are false beliefs about which a person is firmly
convinced and is impervious to outside contradictory evidence. Delusions must be distinguished from a person’s
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TA BL E 1 1 – 10 . Positive and Negative Syndrome
Scale (PANSS) for Schizophrenia
Positive symptoms
1. Delusions
2. Conceptual disorganization
3. Hallucinatory behavior
4. Excitement
5. Grandiosity
6. Suspiciousness/persecution
7. Hostility
Negative symptoms
1. Blunted affect
2. Emotional withdrawal
3. Poor rapport
4. Passive/apathetic social withdrawal
5. Difficulty in abstract thinking
6. Lack of spontaneity and flow of conversation
7. Stereotyped thinking
General psychopathology symptoms
1. Somatic concern
2. Anxiety
3. Guilt feelings
4. Tension
5. Mannerism and posturing
6. Depression
7. Motor retardation
8. Uncooperativeness
9. Unusual thought content
10. Disorientation
11. Poor attention
12. Lack of judgment and insight
13. Disturbance and volition
14. Poor impulse control
15. Preoccupation
16. Active social avoidance
Source. Reprinted from Kay SR, Fisz-Bein A, Opler LA: “The Positive
and Negative Syndrome Scale (PANSS) for Schizophrenia.” Schizophrenia Bulletin 13:261–274, 1987. Used with permission.

religious or cultural beliefs. Generally, the latter are also
held by the group or community of people who form the
individual’s religious or cultural group and do not interfere with day-to-day functioning as delusions often do in
patients with schizophrenia.
Fish (1984) proposed the concept of primary delusional
experience as the underlying unifying construct, which
forms the basis of paranoid delusions in schizophrenia.
This is an abnormal consciousness of significance occurring in connection with a given experience. Examples of
such phenomena are delusional mood, delusional states of
consciousness, sudden delusional ideas, and delusional perceptions. In particular, delusional perception may be an

important starting point for the development of a system
of delusional ideas. An abnormal significance, usually in the
sense of self-reference, despite the absence of any emotional or logical reason, is attributed to a normal perception (Fish 1984). For example, a patient observes that the
traffic light is switching from green to red and immediately
concludes that it means to him personally that an outside
force is telling him to curb his homosexual interests. Such
primary delusional experiences will then be expanded and
elaborated into a group of secondary delusions. At times,
these delusions will be highly systematized and complex,
centering on one or two themes. Systematized delusions
are usually seen in patients who are cognitively intact and
who function quite well outside an acute episode. During
those times these individuals tend to be able to hide their
beliefs and show little interference in their daily functioning. On the other hand, during overtly psychotic phases,
individuals holding false beliefs may act in unusual ways
because of their beliefs or they may be fearful that they
will be harmed.
Although delusions are often described as “fixed false
beliefs,” delusions in their mildest form may be questioned or doubted by the individual and persist for weeks
to months (Andreasen 1984). The presence of bizarre delusions, which are entirely inconsistent with shared social
realism and are illogical to most people, are recognized by
DSM-IV-TR as being sufficient as a characteristic symptom (Cluster A) to qualify for schizophrenia, underlining
the weight this symptom is attributed in the diagnosis of
schizophrenia. Examples of bizarre delusions include a
patient reporting his heart is missing or that aliens are
seeking the patient to rule their planet.

Differential Diagnosis of Delusions
Delusions found in paranoid disorders are at times not easy to differentiate from those
found in schizophrenia. These conditions include paranoia, shared paranoid disorder (folie à deux), and acute
paranoid disorder. Paranoid delusions in these disorders
are usually nonbizarre and center on one or two themes.
These delusions may have been started by a small and/or
real slight in the person’s life and then become elaborated
and embedded in a paranoid delusional system. These
individuals often get involved in extensive letter writing
campaigns, litigiousness, and legal actions to seek redress
of perceived delusional wrongs.
These disorders are chronic except for the acute paranoid disorder, which has duration of less than 6 months.
The person’s functioning is usually not markedly impaired, but hostility and violence may at times be associated. There are no hallucinatory experiences or marked
Paranoid disorders.
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TA BL E 1 1 – 11 .

Syndromal models of schizophrenia

Model

Description

Reference(s)

Two-dimensional

Positive and negative dimensions, independent of each other

Crow et al. 1986

Three-dimensional

Positive and negative dimensions and symptoms of
poor relating

Strauss et al. 1974

Positive, negative, and disorganization dimensions, which
include thought disorder, poor attention, and inappropriate
affect

Arndt et al. 1991; Bilder et al. 1985;
Liddle 1987

Four-dimensional

Positive, negative, excitement, and depression dimensions

Kay and Sevy 1990; Peralta et al. 1992

Five-dimensional

Positive, negative, excitement, depression/anxiety, and
cognitive dimensions

Lindenmayer et al. 1994

thought disorders, and affect is usually well preserved.
Delusions of jealousy may be included in which there are
unconfirmed and unfounded thoughts that a person is being disloyal or treacherous within a relationship. The delusions are usually accompanied by attempts to find evidence to support the delusional belief. Individuals with
delusions of jealousy are not satisfied until evidence is obtained, which can sometimes lead to violent episodes with
a significant other (Soyka et al. 1991). Delusions of jealousy can also be seen in paranoid states caused by alcohol
dependence.
Capgras syndrome is named for
its discoverer, the French psychiatrist Jean Marie Joseph
Capgras (1873–1950). Individuals displaying this syndrome believe that people in their lives (e.g., family members, doctors, close friends) have been replaced by exact
doubles. Those afflicted may even believe that they themselves are represented somewhere by a double they never
see. The persons who are not replaced are always identified accurately. Capgras syndrome is also referred to as
delusional misidentification, illusion of doubles, illusion
of negative doubles, misidentification syndrome, nonrecognition syndrome, phantom double syndrome, and subjective doubles syndrome.
It has been reported that 35% of patients diagnosed
with the Capgras syndrome or related substitution delusions have an organic etiology. Some of these etiologies involve failure of normal recognition processes following
brain damage from a stroke, drug overdose, or some other
central nervous system cause, although earlier reports hypothesized psychodynamic etiologies (Alexander et al.
1979; Ellis et al. 1997). Associated features of Capgras syndrome involve not only other functional psychoses such as
schizophrenic conditions (e.g., paranoid schizophrenia)
but also affective and organic-psychic disturbances.

Capgras syndrome.

Organic delusional syndrome. DSM-IV-TR places
organic delusional syndrome (ICD-9-Clinical Modification [CM]; World Health Organization 1978) under psychotic disorder due to general medical condition with
delusions. The psychotic disturbance is identifiable from
history, physical examination, or laboratory results. The
delusions are the unequivocal physiological corollary of a
general medical condition. Whereas multiple delusions
can be present in these syndromes, they are accompanied
typically by significant cognitive symptoms, such as disorientation, confusion, and memory impairments, which
will determine the correct diagnosis. In addition, hallucinatory experiences often complete the clinical picture. It
is imperative to investigate the medical etiology of these
disorders.

Delusions in manic states or depressive states are usually
mood-congruent—that is they are consistent with the
underlying mood, both for the manic state (inflated
worth, power, wealth) or the depressive state (guilt, death,
deserving punishment).

Affective disorder with psychotic features.

Types of Delusions
Persecutory delusions. Individuals afflicted with persecutory delusions believe they are being conspired or discriminated against, threatened, or intentionally victimized. This can be by someone familiar to them (e.g., a
family member, friend, doctor, or nurse), someone in the
media (e.g., a television personality), a powerful external
organization (e.g., the FBI, KGB, or CIA), religious figures
such as the devil, or extraterrestrial forces such as aliens.
Persecutory delusions are among the most common
symptoms of schizophrenia, although they can also be
seen in delusional disorder, psychotic depression, and organic delusional syndromes. Particularly, delusions with
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mood incongruent or idiosyncratic content are seen in patients with schizophrenia. Patients sometimes report opposite influences, resulting in a persecutory delusional
conviction of being controlled by opposing outside forces,
such as God and the devil, matter and antimatter, the sun
and the moon, positive and negative electron charges.
The persecutory content of delusions sometimes reflects
the evolution of modern technology. Patients may be convinced that there are sophisticated electronic devices secretly hidden in all areas of their surroundings that spy on
them and monitor their every movement.
Persecutory delusions can be vague, unstable, and few
in number, or they can be numerous, systematized, and
fully crystallized, demonstrating an internally coherent logic
and dominating major aspects of the patient’s life. These
delusions can lead to inappropriate or irresponsible actions jeopardizing the safety of the patients or others.

EXAMPLE
A patient felt that he was under constant government
surveillance through planted microphones and hidden
cameras in the ceiling and was receiving through electronic devices irritating high-frequency tones affecting
his ears and legs. These tones were interfering with his
functioning and his relationships with other patients in
the ward. In fact, he believed that all other patients were
involved in this plot, which ultimately was designed to
kill him because he was a spy.

EXAMPLE
A patient responded to the question: Is somebody influencing your mind or your head? “Yes, they have a weapon
that the CIA and the Defense Department use. They use
microwaves. They send them inside your head. They are
digital and they convert them from analog to digital.
They pick up your thoughts and they change you to another person. That’s what they work on, getting you lazy,
taking away your stamina."

Individuals with thought insertion
believe that some of their thoughts are not their own but
have been implanted by an outside agency. Often, there is
a persecutory theme and a sense that their thoughts are
controlled or manipulated by an outside agency. The condition differs from the symptoms of obsessive-compulsive
patients, where patients may be distraught by recurrent
intrusive thoughts but are certain that these thoughts originate from their own mind and not by an outside force. In
schizophrenia, individuals misplace their own intentions
and attribute them to an agency or to someone else (Frith
1992).

Thought insertion.

Thought withdrawal and thought broadcasting.

Delusions of reference.

The individual believes that thoughts have been taken out
of his or her mind. Further, the individual can often trace
the initial experience of a thought and then the incident
of that thought being removed. In thought broadcasting,
one’s thoughts are passively transmitted to others, often
through electronic or telepathic means.

Individuals with delusions of control feel that an outside force or agency is
controlling or manipulating their thoughts, feelings, or
parts of their body. These delusions are also referred to as
delusions of passivity and are often associated with somatic hallucinations. Patients may use them as delusional
explanations of abnormal somatic sensations.

Delusions of sin or guilt. Individuals with delusions
of sin or guilt believe that they have committed a terrible
crime. These delusions can manifest themselves as a
minor error in the past that the individual believes may
lead to a major disaster or divine retribution that can also
affect his or her family. They may also be associated with
grandiose ideas with the belief that the committed sin will
destroy the whole world and also may be associated with
delusions of nihilism. Hence, these individuals can also
believe that they warrant punishment by society or by an
outside delusional agency. The content of these delusions
usually is bizarre and mostly mood incongruent. In contrast, delusions of sin and guilt that are seen in severe
depressive episodes with psychotic symptoms are usually
comprehensible and ego-syntonic (i.e., referring to a person’s personality aspects, thoughts, or behaviors that are
viewed by the person as acceptable). In persons with psychotic depression, these mood-congruent delusions are
usually associated with vegetative symptoms of depression, ideas of hopelessness, worthlessness, and possibly
suicidal ideation.

Individuals with delusions of
reference attach a personal meaning to the actions, remarks, and statements of other people and to objects or
events when in fact there is none. A common example is
an individual’s belief that a television program is specifically directed at him or her. There is a conviction of certitude that the individual’s observation is absolutely correct without the need of any corroboration by others or
any other supporting evidence. In contrast, when a nondelusional individual is unsure that the remark, action, or
statement is referring to him or her, the person will be suspicious and will be able to acknowledge that the idea is
misguided. The content of a delusion of reference is often
idiosyncratic and can be derogatory, persecutory, or enhancing of one’s self-worth.

Delusions of being controlled.
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EXAMPLE
A patient believed that he had killed millions of Jews
during World War II, although he was born after 1945.
He stated that he felt he was worse than Hitler; in fact,
he believed he was the greatest killer in the world and
deserved punishment for his deeds.

Individuals who experience delusions of grandiosity believe they have extraordinary
powers, wealth, fame, or talents. They may think they are
religious saviors, world leaders, or famous persons. Grandiose delusions in the extreme can affect behavior, be
acted upon, and lead to irresponsible or dangerous and
even deadly actions, such as believing that one has the
ability to fly and stepping out of a window. Grandiose delusions are also seen in individuals with mania with psychosis. Other manic features, such as elated mood, hyperactivity and expansiveness, flight of ideas, and accelerated
speech, will help in the differential diagnosis.

Grandiose delusions.

EXAMPLE
A patient answered to a question regarding whether he
had any special talents: “I am very famous. I am known
in London and Paris as an inventor; I have invented
candy bars, elevator cleansers. They are writing a book
about me."
Religious delusions. Religious delusions con tain
unusual preoccupations of a religious nature. Individuals
are absorbed with religious subject matters that extend
beyond the normal breadth of their cultural or religious
background. These preoccupations are usually mood
incongruous. Religious delusions can also be found in
patients with depression with psychotic symptoms; however, delusions associated with psychotic depression must
be manifested within an episode of major depression with
the associated depressive symptoms and are mood congruous.

EXAMPLE
A female patient was intensely preoccupied with warding off imaginary sexual harassments to receive sanctification, which eventually would promote her to sainthood. She believed that Satan was sending her this task
to challenge her mission to sanctification, which in turn
would bring her closer to God.

Somatic delusions consist of preoccupations that a body part is diseased or malfunctions
without objective medical evidence. The delusion can
involve a false belief in a medical condition or physical
deformity. These delusions are at times associated with
kinesthetic hallucinations representing abnormal somatic

Somatic delusions.

perceptions supporting the delusional somatic belief.
Somatic delusions must be differentiated from hypochondriacal preoccupations, which are exaggerated fears of
somatic illness and tend not to be bizarre as in the case of
schizophrenic somatic delusions. Further, hypochondriacal preoccupations are not attributed to external forces. In
contrast to the hypochondriacal patient, the patient with
schizophrenia reacts to rather significant but delusionally
held medical morbidity remarkably calmly.

EXAMPLE
A patient answered to a question regarding his health:
“Not good. I have my nostrils clogged, which is affecting
my brain. A spear flew into my nose, made out of plastic,
and went into my brain and has affected my mood; it
made me down and depressed. They did it to torture
me.”

HALLUCINATORY EXPERIENCES
A hallucination is defined as a sensory perception in the
absence of any externally generated stimulus or perception. Certain abnormal sensory perceptions are reported
as distinct from actual hallucinations and could be called
“prehallucinatory experiences.” They include hypersensitivity to sound, light, smells, misperceptions of movements, and changes in the perception of people’s faces or
bodies. These abnormal perceptions are often seen during
the prodromal phase of schizophrenia.

Auditory Hallucinations
Auditory hallucinations are the most common type of hallucinations observed in individuals with schizophrenia.
Auditory hallucinations are usually voices that often comment on the person’s everyday activities, that may be
threatening, or, in rare cases, command the individual to
execute an action (Andreasen et al. 1995; Mueser et al. 1990).
Less frequently, the hallucinations are sounds other than
voices. Voices may be heard from inside one’s head or may
appear to come from the outside. They may be perceived
as being as clear as the voice of the interviewer, or less frequently, they are muffled and difficult to understand. Usually, their sentence structure is clear, although at times, when
they consist of insults or accusations, they may be just
short, monosyllabic words. Often voices are accusatory,
hostile, or unfriendly. They consist of a string of sentences, may be continuous, and may occur every day. Occasionally, as with delusional beliefs of powerful opposite
forces and at times associated with these beliefs, patients
may report “good” and “bad” voices. The response to auditory hallucinations may vary. In acute stages of the ill-
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ness, patients may be terrified. They may be seen to respond in an audible fashion to auditory hallucinations or,
if in distress about them, to scream or yell at them. In
more chronic stages of the illness patients will display little affect or emotional responses to what would appear to
the interviewer to be rather terrifying voices. The execution of commands transmitted by auditory hallucinations
is rare, although some patients will follow the instructions
that can lead to suicidal or homicidal actions. Auditory
hallucinations are reported by 50%–70% of patients with
schizophrenia (Andreasen and Flaum 1991; Hoffman et
al. 2003; Sartorius et al. 1974). Patients with schizophrenia rarely present auditory hallucinations in isolation.
The hallucinations are usually associated with delusional
interpretations, which may be attempts at explanation of
abnormal perceptions or, conversely, be elaborations of a
delusional paranoid system. In fact, single auditory hallucinations (elementary hallucination) should alert the clinician to look for another, nonschizophrenia diagnosis.
Auditory hallucinations in patients with psychotic depression tend to consist of short sentences and are mood congruent.
Auditorization of thoughts refers to instances when individuals report that they hear their thoughts aloud in their
head. They can clearly describe this phenomenon and at
times are able to differentiate these loud thoughts from ordinary silent thoughts. It is possible that auditorization of
thoughts is a precursor of auditory hallucinations.
An individual may experience auditory hallucinations
that involve hearing voices of people commenting on his
or her actions or conversing with each other. Typically,
the comments are spoken in the third person; they may be
simply commenting on the individual’s moment-tomoment actions or, less frequently, arguing about the individual.

Visual Hallucinations
Individuals with visual hallucinations observe people,
shapes, colors, and objects that are not actually present.
Visual hallucinations are less frequent in individuals with
schizophrenia compared with those with delirium. These
hallucinations tend to be associated with delusional interpretation of threatening or persecutory themes, or, in the
context of religious delusions, they are seen as visions of
religiously meaningful figures. The major differential diagnosis is with visual hallucinations encountered in organic
and delirious states. The latter hallucinations are more
elementary in nature, often represent animals, and may be
accompanied by tactile hallucinations. The presence of
significant cognitive impairment (e.g., disorientation) will
help to rule in an organic etiology.

Another type of abnormal visual perception that occurs rarely in schizophrenia patients is flashbacks, which
are spontaneous visual hallucinations. Flashbacks may
take the form of pictures, sounds, smells, body sensations,
or the presence of unusual sensations. Studies have shown
that flashbacks occur in some schizophrenic patients with
a history of drug abuse (Degenhardt and Hall 2002;
Lerner et al. 2002; Linszen et al. 1994).
Lilliputian hallucinations are visual hallucinations
whereby the patient experiences seeing people who appear reduced in size or dwarfed. Lilliputian hallucinations
are rare and seen in about 5% of patients with schizophrenia (Goodwin et al. 1971). They are mostly seen in patients with alcoholic, organic (Cohen et al. 1994), or toxic
psychosis (Lewis 1961), particularly psychosis caused by
anticholinergic drug toxicity (Asaad 1990).

Somatic and Tactile Hallucinations
Somatic and tactile hallucinations involve physical sensations, for example, of being touched by another person,
object, or animal, or a perception that one’s body has been
altered in some way. These hallucinations are also known
as haptic or kinesthetic hallucinations and consist of the perception of heat, cold, or electricity shocks. The individual
can experience somatic passivity, in which the patient believes that an outside agent has caused him or her to be a
passive receiver of unwanted bodily sensations, for example a burning sensation in the brain or a sensation of being
raped.

Olfactory Hallucinations
Olfactory hallucinations are sensations, such as unusual
smells, that no one else experiences. Often, olfactory hallucinations are related to gustatory hallucinations, in
which the individual may describe unusual tastes like
sweet, salty, bitter, or odd flavors (Carter 1992). These
hallucinations are often associated with a persecutory
theme, in which unpleasant or poisonous smells are sent
to the individual in a malevolent or persecutory fashion.
Olfactory hallucinations can also be seen in temporal lobe
epilepsy (“uncinate fits”), in which they are usually accompanied by an altered state of consciousness with altered perception and occurring in a paroxysmal context.

BIZARRE BEHAVIOR
Some individuals with schizophrenia behave in unusual
and eccentric ways or transgress social mores. For example, they may talk to themselves, walk backward, laugh
suddenly without explanation, make unnatural faces, mimic
behaviors, masturbate in public, engage in repetitive be-
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haviors, or express manneristic speech patterns. Occasionally, bizarre behavior may also be shown by individuals who maintain a rigid posture for an extensive period of
time. Bizarre behavior is generally found in individuals
with disorganized or catatonic schizophrenia.

topic or may unexpectedly burst out in anger when discussing a minor psychological insult.

Clothing and Appearance

CONCEPT OF NEGATIVE SYMPTOMS

Patients may dress in an uncommon manner or modify
their appearance in an eccentric fashion. More often, they
neglect their appearance, which results in disheveled
clothing, an unkempt look, and lack of personal hygiene.
Patients often may not be able to gauge the outside temperature accurately and therefore overdress during warm
temperatures.

Bleuler (1950) and Kraepelin (1919) considered emotional blunting and lack of outward emotional display fundamental features of schizophrenia. Both of these features
are considered to be examples of negative symptoms.
Kraepelin postulated that the distinct and varied symptomatology of schizophrenia may be divided into “two
principal groups of disorders which characterize the malady”—one marked by a “loss of inner unity of the activities of intellect, emotion and volition in themselves and
among one another,” and the other marked by “a weakening of those emotional activities which permanently form
the mainsprings of volition”—pointing in an anticipatory
fashion to a disorganization dimension and a negative
symptom dimension seen in schizophrenia. Following the
Jacksonian model, negative symptoms can be seen as a
decrease or loss of normal functions, such as a loss of
energy and motivation, and a loss of emotional display of
affect.
Negative symptoms are a frequent and persistent characteristic of schizophrenia. They can emerge as early as during the prodromal stage of the disorder, long before the
presentation of the first psychotic episode (Hafner et al.
1995). It is now generally accepted that there are primary
and secondary negative symptoms (Carpenter and Kirkpatrick 1988; Tandon and Greden 1989). Primary negative
symptoms are deficit symptoms, which may precede psychosis onset and usually persist between the episodes.
These symptoms include primary anhedonia, flattening
and narrowing of affect, poverty of speech, avolition, and
reduced social activity (Carpenter and Kirkpatrick 1988).
From a longitudinal standpoint, the following components of primary negative symptoms have been conceptualized (Miller and Tandon 2001):

Social and Sexual Behavior
Individuals’ social and sexual behavior may at times represent a deviation from the norm. For example, urinating
or masturbating in public, mimicking the behaviors of
others, and spontaneous laughter or sudden outbursts
may occur.

Motor Behavior
Bizarre motor behavior can involve unusual mannerisms,
grimacing, or rocking movements. Stereotyped and ritualistic movements can be observed. Catatonic motor behavior is an extreme form of bizarre behavior that can include maintaining a rigid or unnatural posture with an
awkward, stilted, disorganized appearance, and resisting
efforts to be moved or engaging in purposeless and unstimulated motor activity. Waxy flexibility, a rare form of
catatonic motor behavior, consists of maintenance of bizarre postures that the examiner has induced in the patient. An important differential diagnostic issue in assessing stereotyped movements is the recognition of
involuntary movements caused by tardive dyskinesia.
These neurological involuntary movements may look
purposeless, repetitive, and stereotypical, but they have
characteristic features and are usually located in the extremities or lingual and perioral areas.

Inappropriate Affect
This affective dysfunction is at times incorrectly subsumed under flat affect; however, it reflects not an absence
of affect, but rather a discoordination or incongruity of
affect. Affect expression is misplaced and does not correspond to the ideational content the person is expressing at
the time. Sudden and unexpected discharges of affect may
occur. The patient may smile while talking about a sad

NEGATIVE SYMPTOMS

• Premorbid negative symptoms: these symptoms exist before psychosis onset and are related to poor premorbid functioning.
• Psychotic phase: during this phase the individual exhibits unstable negative symptoms that coexist with positive
symptoms during periods of psychotic exacerbation.
• Postpsychotic deterioration component: persistent
negative symptoms after a psychotic episode and represent a degeneration from premorbid levels of functioning.

202

THE AMERICAN PSYCHIATRIC PUBLISHING TEXTBOOK OF SCHIZOPHRENIA

Secondary negative symptoms are “nondeficit” symptoms
and are assumed to correlate with psychotic episodes, depression or demoralization, and medication side effects
(Carpenter et al. 1991). Secondary negative symptoms
usually respond to treatment of the underlying cause.

COURSE OF NEGATIVE SYMPTOMS
Crow (1981) predicted that negative symptoms would be
stable because he theorized that they are associated with
structural brain changes. Indeed, studies generally show
that negative symptoms are more stable than positive
symptoms over time and are less likely to improve over the
course of illness (Addington and Addington 1991; Hull et
al. 1997; Pfohl and Winokur 1982). In a longitudinal study
of symptoms, Arndt and colleagues (1995) found that negative symptoms were already prominent at the time of patients’ first episode and remained relatively stable for approximately 2 years in which the patients were followed.
Hafner et al. (1999), exploring five SANS measures of negative symptoms, found that in a sample of 115 first episodes of schizophrenia, alogia, attention, affect, abulia, and
anhedonia persisted over a 5-year period. Similarly, Amador and colleagues (1999) presented evidence for a high
degree of stability of primary negative symptoms over an
approximate 4-year follow-up period.

sure, sadness), whereas others exhibit a total lack of facial
expression (Salem and Kring 1999). However, despite this
lack of affect these individuals report sensations of positive and negative emotions (Kring and Neale 1996). An
important differential diagnosis is pseudoparkinsonism
(masked facies) induced by antipsychotic medication.
Other aspects of pseudoparkinsonism may be helpful in
differentiating it from blunted affect, such as a resting
tremor (4–5 cycles per second), bradykinesia, absence of
blinking, and at times drooling.
Decreased spontaneous movements. The individual
shows decreased spontaneous movements and may maintain the same posture, with fewer shifts in body position
for some time when sitting. Movements of limbs when
walking are reduced.
Paucity of expressive gestures. The individual is unable to show emotion by the use of gestures when responding to stimuli. For example, there is paucity in the
use of hand gestures in conjunction with speech to emphasize or enhance the meaning of accompanying speech.

The individual avoids direct eye contact or may appear to be staring when responding verbally.
Poor eye contact.

The individual lacks vocal
inflections and is unable to show emotions by varying the
tone of voice. Speech is characterized by a monotonic
quality, and words are not emphasized (Andreasen 1983).

Lack of vocal inflections.

NEUROCOGNITIVE CORRELATES
Many studies have examined the correlation between performance on certain neuropsychological tests and positive
or negative symptoms. It appears that cognitive impairment is largely independent of positive symptoms, particularly delusions and hallucinations. In contrast, negative
symptoms are associated with impairment of general intellectual ability and executive function, including verbal fluency and performance in working memory tasks such as
the Wisconsin Card Sorting Test. Patients with prominent
negative symptoms have been shown to perform poorly on
backward masking tests (Braff et al. 1991; Green et al.
1994) and on other measures from standard neuropsychological batteries (Addington et al. 1991a; Lindenmayer et
al. 1997; Perry and Braff 1998). The pathophysiology of
primary negative symptoms is further described in Chapter 6, “Neurochemical Theories,” of this book.

Poor Rapport
Signs of poor rapport include avoidance of eye contact,
lack of responsiveness to questions, and reduced verbal
and nonverbal communication of personal information with
others. Individuals with poor rapport show a lack of interpersonal empathy, a reduced interaction in conversation,
and a lack or total avoidance of interactions with others.

Passive/Apathetic Social Withdrawal
Individuals with passive or apathetic social withdrawal
have fewer social interactions with others, which can eventually result in a lack of speech (alogia).
There is a
lack of or impairment of sexual interests and activities.
Individuals may report minimal sexual drive or express a
lack of enjoyment from sexual activities (Andreasen 1983).
Reduced sexual interests and activities.

SPECIFIC NEGATIVE SYMPTOMS
Blunted or Flat Affect
Blunted or flat affect is characterized by an absence and
diminution of emotional reaction to stimuli. Some affected individuals show fewer emotions (e.g., anger, plea-

The individual is unable to form a close relationship with others,
Inability to feel intimacy and closeness.

203

Psychopathology
and there is an inability to recognize others’ emotional
needs (Mueser et al. 1996). This results in a lack of mutuality in relationships.
The
individual’s interaction with others may be brief and superficial. There may be few or no friends, and most of the
time is spent isolated from others.

Reduced relationship with friends and peers.

completing tasks and a lack of initiative or goals. Individuals have few interests and reduced investment in personal
activities. When asked about current world events, such
individuals may only be partially aware of events and
know only limited details about them. These individuals
participate in few or no activities or only engage in passive
activities such as watching television.

EXAMPLE
Stereotyped Thinking
Individuals with stereotyped thinking show repetitive or
barren thoughts that may infringe and interfere with their
thinking. They maintain rigid beliefs that may appear unreasonable or excessive. Conversations revolve around a
recurrent theme, and the individual is unable to shift to a
new topic. There is an impoverishment in the amount of
nuances and intermediate positions between extreme statements. At the extreme, the individual’s conversation is limited to only a few topics or to repetitive and rigid demands
or statements that severely impair the amount and content of conversation.

Alogia
Alogia refers to deficient fluency or productivity of
thought and speech associated with avolition or apathy.
Poverty of speech is a type of alogia, in which the individual demonstrates a restriction in
the amount of spontaneous speech. The individual responds to questions with brief, concrete and unembellished answers. In some instances, the individual
does not respond to questions or responses are monosyllabic. Leading questions are constantly needed by the interviewer to proceed with the conversation. Harvey and
colleagues (1997) suggest that poverty of speech is more
common and more severe in geriatric patients with
schizophrenia, perhaps as a result of cognitive and biological factors.

Poverty of speech.

The individual’s speech
is adequate in amount but expresses little information
because it is vague, excessively abstract or concrete, repetitive, or stereotyped.

Poverty of content of speech.

Individuals take a longer time to respond to questions than normal and may
appear distant or preoccupied when asked a question.

Increased latency of response.

Avolition and Apathy
Avolition and apathy appear as a distinctive lack of energy,
drive, or interest. Individuals show a lack of motivation in

Patients with chronic schizophrenia on an inpatient
ward in New York City were exposed to both ample television and newspaper coverage of the World Trade Center attack in New York on September 11, 2001. During
ward discussions in the aftermath of the tragedy it became clear that patients took relatively little notice of
the event, that their emotional response was limited, and
that there were few spontaneous verbal expressions about
this event.

An important differential diagnostic concern is anhedonia found in states of depression. Anhedonia associated
with depression is accompanied by the usual symptoms of
depression, such as ideas of hopelessness, worthlessness,
and helplessness, together with the vegetative signs of depression.
Grooming and hygiene. The individual displays a lack
of interest in grooming and hygiene. This trait is characterized by sloppy, obsolete, blemished attire, infrequent
daily hygienic activities such as washing hands, combing
hair, and brushing teeth.
Impersistence at work or school. The individual has
difficulty seeking or maintaining employment or does not
complete tasks in school or work.

The individual has a tendency to be
physically inert. Upon encouragement, the individual
participates briefly and then reverts to immobility. The
individual shows a lack of drive or spontaneous activity.

Physical anergia.

DEFICIT STATES OF SCHIZOPHRENIA:
CLINICAL CORRELATES
Deficit schizophrenia was introduced to distinguish a relatively homogeneous subgroup of patients within schizophrenia. Deficit schizophrenia is characterized by persistent primary negative symptoms such as restricted affect,
diminished emotional range, poverty of speech, curbing
of interests, and reduced sense of purpose and social drive.
Kirkpatrick and colleagues (2001) found that deficit
schizophrenia exists among 15% of first-episode individ-
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Schedule for Deficit Syndromes

Criterion 1
At least two of the following six negative symptoms must be present:
A. Restricted affect
1. Relatively expressionless face or an unchanging facial expression.
2. Reduced expressive gestures
3. Diminished modulation of the voice, which supplements the spoken content (for example, changes in speed, volume, and
inflection of speech).
B. Diminished emotional range and inability to experience pleasure (a patient who fails to exhibit pleasure because of feeling
tortured by auditory hallucinations would not be considered to have diminished emotional range).
C. Poverty of speech
The deliberate withholding of speech, for instance, on the basis of persecutory beliefs or a relatively normal reticence with
strangers, would not be considered primary poverty of speech.
D. Curbing of interests
The patient may display a diminished range of interests or a diminished depth of interests; either impairment may be
considered pathological. However, a great depth of interest in a narrow range of topics will usually not be considered a
curbing of interests.
E. Diminished sense of purpose
1. The degree to which the patient posits goals for his or her life
2. The extent to which the patient fails to initiate or sustain goal-directed activity due to inadequate drive.
3. The amount of time passed in aimless activity regardless of the relevancy of the goal.
F. Diminished social drive
The degree to which the person seeks or wishes for social interaction. The avoidant patient, who longs for social contact and
fitfully seeks it but is made uncomfortable by it, is not considered to have diminished social drive.
Criterion 2
Some combination of two or more of the negative symptoms listed above have been present for the preceding 12 months and were
always present during periods of clinical stability (including chronic psychotic states). These symptoms may or may not be detectable
during transient episodes of acute psychotic disorganization or decompensation.
Criterion 3
The negative symptoms above are primary or idiopathic, i.e., not secondary to factors other than the disease process. Such factors
include
A. Anxiety
B. Drug effect
C. Suspiciousness (and other psychotic symptoms)
D. Mental retardation
E. Depression
Criterion 4
The patient meets DSM criteria for schizophrenia.
Source. Reprinted from Kirkpatrick B, Buchanan RW, McKenney PD, et al.: “The Schedule for the Deficit Syndrome: An Instrument for Research
in Schizophrenia.” Psychiatry Research 30:119–123, 1989. Used with permission.

uals and among 25%–30% of those with chronic schizophrenia. The clinical features of schizophrenic deficit
states refer to the cohesive and idiopathic set of signs and
symptoms as presented in the Schedule for Deficit Syndromes (Table 11–12) (Kirkpatrick et al. 1989). For a
description of the neurological, neuropsychological, and
morphological correlates of deficit syndrome in schizophrenia, please refer to Chapter 5, “Neurodevelopmental
Theories,” of this volume.

COGNITIVE SYMPTOMS:
CONCEPTUAL DISORGANIZATION/
FORMAL THOUGHT DISORDER
Schizophrenic thought disorder is often included under the
rubric of positive symptoms, although recent research suggests that it represents an independent dimension of symptomatology in schizophrenia (Andreasen and Olsen 1982;
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Kay 1990; Liddle 1987; Lindenmayer et al. 1994; Peralta et
al. 1992; Thompson and Meltzer 1993). This discrete
dimension has been variably called “disorganization factor,” “cognitive factor,” or “thought disorder factor.”
Symptoms that contribute to the SAPS disorganization factor are disorganized speech, inappropriate affect,
and bizarre behavior. Symptoms contributing to the PANSS
cognitive factor are conceptual disorganization, difficulty
in abstract thinking, disorientation, poor attention, and
preoccupation.

DEFINITIONS AND CLASSIFICATION
Disturbance of thinking is a cardinal and almost constant
symptom of schizophrenia. It describes a persistent underlying disturbance of conscious thought and is recognized largely by its effects on speech and writing. Bleuler
(1911/1950) believed that “peculiar association disturbances” were fundamental features of schizophrenia.
There is an abundant literature on the formal thought
and language pathology in schizophrenia. It can be grouped
into pathology of word use and pathology of sentence use.
According to Oppenheimer (1971), “A word evolves from
the lowest level of its meaningless sound quality to the
highest level of its metaphorical meaning. Between these
levels are, in descending order, connotation, denotation,
and verbalization” (p. 228). In schizophrenia there can be
deficits in any one of these levels of word formation, such
as desymbolization of words, expansions of the meaning
of a word, conceptual contaminations, and neologisms. In
pathological use of sentences, patients may not be able to
exclude words or ideas that belong to different semantic
categories, resulting in a disorganized structure of the
sentence appearing as loosening of associations. Adherence to the appropriate mental set or context of a sentence
may be incomplete and results in tangentiality.
Thought disorders have been grouped into two categories by Andreasen (1982) and Cutting and Murphy (1988):
1) intrinsic disturbance of thinking (e.g., concreteness)
and 2) disordered language and speech (e.g., derailment
or tangentiality).

MECHANISMS OF THOUGHT DISORDER
Thought disorder is not a unitary concept; it can be better
conceptualized in terms of its multidimensional makeup
(Cuesta and Peralta 1999). Recent attempts to understand
the cognitive underpinnings of thought disorder in
schizophrenia have focused on abnormalities in attention,
on problems in the use of contextual cues, and on impairments of executive functions.

Attention Impairment
Thought disorder has been shown to involve attention deficits, which may include distractibility, disorganization, and
cognitive disinhibition. It has also been reported that individuals with schizophrenia are unable to maintain attention
during language production (Liddle 1987). Nuechterlein
and colleagues (1986) found that impairments on a difficult
version of the Continuous Performance Test (CPT) were
associated with measures of thought disorder in the
posthospitalization period of schizophrenic patients. They
also reported that signal discrimination deficits in situations demanding high levels of processing were stable susceptibility factors for negative symptoms and certain forms
of thought disorder. However, some accepted tests of attention may actually measure response preparation or working
memory rather than distractibility (Servan-Schreiber 1996),
rendering the relationship of thought disorder and attention impairments a complex one. In addition, patients with
attention-deficit/hyperactivity disorder, who usually exhibit impulsivity and distractibility, do not exhibit thought
disorder (Servan-Schreiber et al. 1996).
There has been considerable work on latent inhibition
and schizophrenia, which is the repeated pre-exposure to
a stimulus without reinforcement consequences in which
the learning of subsequent associations of the stimulus is
retarded (Escobar et al. 2002). Following preliminary research in animals and children, reduced latent inhibition
was proposed as a model of the attentional deficit in schizophrenia (Lubow et al. 1982). Schizophrenia patients who
express abnormal attentional processes do not develop latent inhibition because they do not stop attending to the
conditioned stimulus (repeated pre-exposed stimulus)
(Mackintosh 1975) or they do not become inattentive to
it (Lubow 1989). Cognitive tests such as the lexical decision task (LDT [visual]) have been used to test the latent
inhibition and semantic activation in schizophrenic patients who were assessed for thought disorder. Manschreck
and colleagues (1988) used an LDT to test the theory of
augmented semantic activation and found that schizophrenic patients with thought disorder had quicker response times than non-thought-disordered schizophrenic
patients.

Contextual Difficulties
It has been suggested that reduced sensitivity to linguistic
context (both in semantic and syntactic aspects) may lead
to thought disorder. For example, although schizophrenic
patients without thought disorder were able to recall sentence-like passages better than random strings of words,
schizophrenic patients with thought disorder benefited
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less from the added phrase structure (Maher et al. 1980;
Speed et al. 1991). Still more evidence has come from a
recent report that facilitation in recognition of words that
are preceded by a consistent compared with an inconsistent sentence context was more impaired in individuals
with thought disorder than in those without (Kuperberg
et al. 1998), pointing to the difficulty in recognizing contextual cues by thought-disordered individuals.
Additional evidence for defects in the contextual processing comes from studies using list-learning tasks. For
example, when learning a list of words, healthy subjects
achieve a better recall rate if the list can be organized
into semantic categories (context) than if it consists of a
sequence of unrelated words. Words are recalled within
category groups, thus reflecting the organization of
memory storage. Patients with schizophrenia produce
largely unorganized verbal material during list learning
tasks (Koh et al. 1973). When asked to classify the words
to be learned before performing the learning task, however, patients and normal subjects apparently use similar
semantic categories. It has also been observed that patients with schizophrenia and control subjects produce
similar recall performance (Koh et al. 1974; Russel and
Beekhius 1976). Therefore, it can be hypothesized that
the impairment is not caused by structural damage to the
lexical memory system but to a failure to use encoding
strategies spontaneously. It is likely that these strategies
also intervene during recall because schizophrenic patients’ performances only match those of control subjects when categorical clues are provided during both
encoding and recall (Larsen and Fromholt 1976; MacClain 1983).
More recent research by Goldberg and Weinberger
(2000) involving the degree of priming and medication
status found that thought disorder may be related to a specific abnormality in the semantic system, involving not
the integrity of representations but access to connectivity
among representations. The studies based on the behavioral measures provided rather conclusive evidence that
schizophrenia patients with thought disorder are impaired in sentence-level context processing.
Finally, the role of impairments in executive functions underlying thought disorder is illustrated in detail
in Chapter 13, “Neurocognitive Impairments,” of this
book.

MEASUREMENT OF THOUGHT DISORDER
Careful listening to patients’ word productions and sentence construction allows for assessing thought disorder.
Difficulty in abstract thinking and concrete thinking can

be measured with proverb interpretations and similarities.
Proverb interpretation challenges the individual’s ability
in abstract-symbolic thinking, in shifting of sets, and in
the ability to generalize. The task of establishing similarities reveals difficulties in classification and categorization. Object-sorting tasks can be used to assess overinclusion; an overinclusive reply would include too many or
unsuitable items within a group of items. The thought
disorder index evaluates the verbal productions of schizophrenic patients in an unstructured interaction (Hurt et
al. 1983).
The assessment of thought, language, and communication (Andreasen 1979a, 1979b) offers a clinical rating
for a series of different types of thought disorders. In addition, the SAPS (Andreasen 1982), the SANS (Andreasen
1982), and the PANSS (Kay et al. 1987), frequently used
to assess symptoms in schizophrenia research, provide for
some measures of thought disorder.

TYPES OF THOUGHT DISORDERS
Derailment (Loosening of Associations)
Derailment occurs when an individual’s speech shows loss
of logical or meaningful connections between words or
sentences. The relationship between sentences may be
indirect or may not be present at all. The individual is also
unaware of the lack of association between sentences.

EXAMPLE
A patient responded to the request to interpret the proverb “Don’t cry over spilt milk”: “I believe you should
release the tension now of all milk on the ground. I think
you should cry over spilt milk. I think you should release
yourself after all that milk is on the ground. You should
let it out in tears. You know you hold it inside and you
could explode a lot, all of these little things kept inside.”

Tangentiality
Tangentiality is a disruption in the associative thought
process in which one tends to deviate readily and gradually from the topic under discussion to other topics, which
arise in the course of associations, but connections are still
recognizable by the listener.

EXAMPLE
A patient complained about a supervisor who she felt
made homosexual advances to her: “She was a pervert
homosexual, and she said I was her red painted lady in
the closet, and that I knew nothing about this world. But
I went to the library and found the red Bible and read up
on it, in a hurry. And it was a lie.”
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Incoherence

Clanging

Incoherence refers to sentence patterns that are unintelligible and incomprehensible because of total loss of logical connections. At times there are periods of coherent
parts that are incorporated in an incoherent sentence.
Incoherence can also occur at a semantic level, in which
words are substituted in a phrase or sentence and the
meaning is distorted. Conjunctions and adjectives can also
be deleted (Andreasen 1984). In extreme situations, incoherence can also be referred to as word salad.

Clanging consists of usage of the sound of a word or its
phonetic resemblance (clang equivalence) rather than its
meaning, which is substituted for the correct word. Some
individuals speak only in rhymes, and others will engage
in repetitive speech (Capleton 1996) as a substitute for
logical associations.

EXAMPLE
A patient is asked, “How do you feel today?” The patient
responds, “I’m feeling that people say doctors are
wrong. In Europe, there was a meeting. The president
of the United States, it was AIDS. But in Iraq the man
pulled it out with the money under the train tracks. Save
yourself, help yourself.” The patient is unable to join the
associated concepts of each sentence into one coherent
response that would convey a comprehensible meaning
to the listener. The patient shifts sets inappropriately,
and there is no relationship among sentences. The
patient is unable to include any logical causality.

Illogicality
Individuals who show illogicality respond to questions
without a logical rationalization. Examples are non sequiturs, in which the individual formulates an illogical response to a logical question, and faulty inductive inferences, in which the patient makes conclusions based on
incoherent assertions (Andreasen 1984).

Circumstantiality
Circumstantiality refers to a disturbance in the thought
process, in which one gives an unwarranted amount of
details, which are frequently tangential, elaborate, and
irrelevant, and in which the patient finds it difficult to make
a direct statement or give a direct answer to a question.
Circumstantial speech eventually returns to the original
topic.

EXAMPLE
In the following example the patient uses circumstantiality and tangentiality in response a question on his
overall life philosophy. “You have to be modern and you
have to be sophisticated, you have to have a girlfriend,
you have to go to church. You have to have your name
in the Bible. You go out with your wife or fiancée. And
you have to learn, should be married, and be a good
neighbor."

EXAMPLE
A patient explained: “We function as liberal Jews, however, we speak British, not Yiddish.”

Neologism
Neologism is another well-recognized pathology of word
use, in which a new nonsensical word is created that often
is a condensation or combination of two different words.
This is in contrast to the creative use of neologisms in everyday language, which elicits in the listener amusement or
understanding.

EXAMPLE
A patient who considered himself to be overweight,
reported to have an “altership.” Asked about its meaning, he explained: “It is me at 177 pounds; then I will be
Sonny Boy, a rock star.”

Difficulty in Abstract Thinking
Difficulty in abstract thinking is reflected in impairment
of symbolic ability to think beyond concrete and egocentric thinking, which leads to difficulties in proverb
interpretation and in generalizations. There may be the
inverse tendency to be overly abstract and to use stilted or
manneristic language. In mental status exams, proverb interpretations are commonly used to evaluate an individual’s ability to think abstractly.

EXAMPLE
In interpreting the proverb “Don’t cry over spilt milk,”
a patient stated: “Don’t cry over spilt milk are the decisions we make about the decision-making process. The
essence of men making decisions.” In another example
of overly abstract, stilted speech, a patient stated that
“The barrister comported himself utterly brusque when
I previously inspected his interface with his patron.”

Echolalia
Some schizophrenia patients exhibit echolalia by repeating words, phrase, fragments or sounds that were presented to them. Related to this is echopraxia, in which the
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individual repeats or imitates observed gestures or physical expressions.

Thought Blocking
Thought blocking refers to cessation or complete interruption in the flow of the stream of thought. It can be
interrupted suddenly, and there is a disruption in the flow
of conversation. Thought blocking can be recognized when
disruptions in speech are abrupt, prominent, and continual. The patient may describe it as a sudden and inclusive
“draining of the brain.”

POOR ATTENTION
Patients with schizophrenia often present poor concentration, distractibility from internal or external stimuli,
and difficulties in shifting focus to new stimuli. Patients
will exhibit impaired attention, particularly in the acute
psychotic phase. Scanning the environment during a clinical interview rather than focusing on the interviewer’s
questions may be seen during the interview. It may be difficult for the individual to follow a more complex set of
questions, and he or she may lose track of the interviewer’s
question. In another situation, the individual may not be
able to respond to a new topic being introduced in the
interview and will continue to talk about the previous
topic, totally oblivious to the new inquiry.

EXCITEMENT SYMPTOMS
Symptoms contributing to this domain of psychopathology of schizophrenia are hostility, excitement, uncooperativeness, and poor impulse control. We address in this
section predominantly the symptoms of hostility and
aggression.

HOSTILITY AND AGGRESSION
Hostility and aggression in schizophrenia involve verbal
and nonverbal expressions of anger and resentment, including sarcasm, passive-aggressive behavior, verbal abuse
and assaultiveness, irritability, suspicion, and uncooperativeness (Volavka 2002). Hostility/aggression in schizophrenia is difficult to predict (Monahan et al. 2000; Steadman et al. 1998; Wallace et al. 1998) and can be both a trait
and state phenomenon.

Epidemiology
The probability of violent behavior among patients with
mental disorders is greater than that of the general pop-

ulation. There is an increased risk of violence among
schizophrenia patients based on examination of criminal
records (Hodgins 1992; Wessely et al. 1994), results of a
twin study (Coid et al. 1993), and data from persons who
committed homicide (Eronen et al. 1996). Although
patients with mental disorders certainly do not carry out
most violent crimes, they are at increased jeopardy for
committing them (Citrome and Volavka 1999). Evidence
exists for an increased incidence of hostile and aggressive
behavior in schizophrenia, estimated at two to 10 times
that of the general population (Hafner and Boker 1982;
Wessely 1997). Results of the Epidemiologic Catchment
Area project reported that the probabilities of violent
behavior in patients with schizophrenia were 5.3 times
greater for males and 5.9 times greater for females than in
individuals with no diagnosed mental disorder (Regier et
al. 1990).
Hostility and aggressive behaviors in patients with
schizophrenia have also been studied across different cultures. The World Health Organization conducted a study
across several different countries and found that the incidence rate of aggression among 1,017 patients with
schizophrenia was 20.6%, with the rate three times higher
in developing countries such as Colombia, India, and Nigeria (31.5%) compared with developed countries, such as
Denmark, Ireland, Japan, the United States, the United
Kingdom, and the former countries of the U.S.S.R. (10.5%)
(Volavka et al. 1997).

Causes of Aggressive Behavior in Schizophrenia
Causes of aggressive behavior are complex and multifactorial. Some important underlying causes are the presence
of comorbid substance abuse, substance dependence, and
intoxication (Citrome and Volavka 2001; Steadman et al.
1998). In addition, the disease process itself produces hallucinations and delusions, which may provoke violence
(Citrome and Volavka 1999). Krakowski and Czobor (1997),
in a study examining psychosis and ward turmoil in
schizophrenic inpatients, reported that persistent violence, in contrast to episodic violence, was associated with
frontal lobe neurocognitive deficits. Episodic violence
was associated with significant florid positive symptoms
and tended to abate as positive symptoms improved. Such
episodic violence can be related to delusional perceptions
that other people are persecuting the individual, against
which the individual has to defend him- or herself with a
preemptive aggressive act. Environmental factors that are
associated with aggressive behavior include a chaotic or
unstable home or hospital situation, which may encourage
maladaptive aggressive behaviors (Owen et al. 1998). Researchers have also examined biological determinants of

209

Psychopathology
aggressive behavior, which are further presented in Chapter 12, “Co-occurring Substance Use and Other Psychiatric Conditions,” of this book.

In addition, they may be at times secondary to the primary symptoms of the disorder and can be conceptualized
as emotional responses to very unusual experiences such
as hallucinations or delusions.

Assessment
Aggression can be clinically assessed by means of the
Overt Aggression Scale (Yudofsky et al. 1986) or the excitement factor of the PANSS, whose other symptoms are
hostility, uncooperativeness, and poor impulse control. In
most studies aggression is measured by using data from
different sources (Swanson et al. 2000). Steadman and
colleagues (2000) have proposed an actuarial tool for assessing the risk of violence, which has been evaluated in
civil psychiatric patients (Monahan et al. 2000). Besides
the clinical interview and specific psychopathological
scales, a number of other diagnostic instruments can be
used to assess aggression and the risk for violence in psychiatric patients. Examples are the Buss-Durkee Hostility
Inventory (Buss and Durkee 1957), with its subscales (including physical aggression), and the Brown-Goodwin assessment for lifetime history of aggression (Brown et al.
1979).

Differential Diagnosis
One of the most important differential diagnoses of violent behaviors in patients with schizophrenia is substance
abuse and withdrawal. Substance abuse enhances the
probability of aggressive behavior substantially more than
schizophrenia alone (Swanson 1994). Aggressive and violent behavior in patients can be triggered by alcohol,
cocaine, phencyclidine (PCP), or amphetamine intoxication (Smith and Hucker 1994; Swanson 1994). Additionally, withdrawal from abused substances can lead to hostility and aggressive behavior (Citrome and Volavka 1999;
Verhayden et al. 2003). Other less frequent differential
diagnostic considerations are medical conditions. Brain
injuries, brain tumors, and rarely temporal lobe epilepsies
or metabolic disturbances may lead to aggressive behavior
in a patient who does not have a prior history of continuous aggressive tendencies.

DEPRESSION AND ANXIETY
DEPRESSION
Symptoms that contribute to this domain of psychopathology in schizophrenia are anxiety, depression, guilt
feelings, and tension. Although not uncommon, these
symptoms tend to be associated with specific phases of the
illness.

Depressive Symptoms in the
Course of Schizophrenia
Mood disorders are nosologically discrete from schizophrenia; however, depressive symptoms can be seen throughout
the course of schizophrenia (Bleuler 1911/1950). Bottlender and colleagues (2000) found depressive symptoms
to be frequent among first-episode patients. The ability to
distinguish schizophrenia from depression is most difficult
early in the course of schizophrenic illness. The prodrome
of schizophrenia can resemble depression, and some of the
symptoms requireded in DSM-IV-TR for a major depressive episode (e.g., anhedonia, attention difficulties, psychomotor abnormalities) are common in schizophrenia as
well (Andreasen and Flaum 1991). Other differential diagnostic issues to consider include schizoaffective disorder,
negative symptoms of schizophrenia, and symptoms of
pseudoparkinsonism due to antipsychotic medication effects. Siris (1995) reviewed 30 studies of depression in
schizophrenia and found incidence rates ranging from 7%
to 65%, with a modal rate of 25% (Hirsch and Jolley 1989;
Johnson 1988).
Depressive symptoms do not appear to be entirely a
response to the course of chronic schizophrenia, because
these symptoms can be present in all phases of schizophrenia: during first episodes (Koreen et al. 1993),
chronic illness (Leff 1990), relapse, and remission in individuals receiving maintenance neuroleptics (Van Putten
1975). Depression can precede psychosis as prepsychotic
depression (Green et al. 1990; McGlashan and Carpenter
1976; Roth 1970) or depression in the course of schizophrenia can be assessed as a result of recovery from an
acute psychotic episode (postpsychotic depression). Traditional research has regarded the presence of affective
symptoms during the course of schizophrenia to be a positive predictive factor (Roth 1970; Valliant 1964). Recent
research, however, has reported that depression in the
course of chronic schizophrenia may also display a distinct
morbidity and mortality profile that includes poor outcome, reduced social adjustment (Carpenter et al. 1988),
increased rates of relapse (Birchwood et al. 1993), treatment noncompliance (Hogarty et al. 1995; Van Putten
1974) and increased risk of suicide (Drake et al. 1986;
Miles 1977; Roy et al. 1983; Westermeyer et al. 1991).
The development of depressive symptoms with chronic
schizophrenia has been linked to a higher likelihood for
potential relapse (Hertz and Melville 1980; Johnson 1988;
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Mandel et al. 1982). Depression occurring more than 1 year
following recovery from an acute psychotic relapse is related to an increased risk of relapse, while depression that
appears in the first year following an acute psychotic episode is not associated with relapse (Koreen et al. 1993).

Postpsychotic Depressive Disorder
Postpsychotic depression represents both a reaction to
the realization of the damage the illness has caused and
a reaction of distress to the symptoms of the illness.
It occurs in approximately 25% of psychotic patients
( Jeczmein et al. 2001) and is characterized by significant
anhedonia. McGlashan and Carpenter (1976) were the
first to present postpsychotic depressive disorder as a syndrome in itself, which was subsequently defined in DSMIV as a separate diagnostic entity.
Siris (1990) has argued that postpsychotic depression
has been used to describe clinically diverse types of patients. In one group of individuals, depressive symptoms
are clearly present during an acute psychotic episode and
resolve as the positive symptoms resolve, although sometimes more slowly (also referred to as “revealed depression”). In other individuals, significant depressive symptoms appear after the acute episode has resolved. The
main clinical symptoms are depressed affect and generalized motor slowness (Jeczmien et al. 2001). Also, Cutler
and Siris (1991) reported that approximately one-quarter
of patients with schizophrenic and postpsychotic depression experience panic attacks, indicating that symptoms of
anxiety may be part of the clinical profile of postpsychotic
depressive disorder. Further studies (Shuwall and Siris
1994) indicated that in postpsychotic depression, the presence of psychosis and anxiety is linked with a higher level
of suicidal ideation regardless of the level of depression.
Patients with postpsychotic depressive disorder can also
suffer from negative symptoms, and this makes the distinction between the two phenomena sometimes difficult.

Differentiating Depressive Symptoms
From Negative Symptoms
Several studies have suggested that depression may be associated with negative symptoms (Fitzgerald et al. 2002;
Kulhara et al. 1989; Norman et al. 1998; Sax et al. 1996).
Overlapping features of depressive symptoms and negative
symptoms include reduced social and personal interests,
reduced pleasure, diminished energy, and loss of motivation, together with psychomotor retardation (Andreasen
and Olsen 1982; Bermanzohn and Siris 1992; Carpenter
et al. 1985; Crow 1980; Hausmann and. Fleischhacker
2002; Lindenmayer and Kay 1989; Romney and Candido

2001; Siris 2000). Distinguishing features of depressive
symptoms and negative symptoms can be identified: distinct sad mood, disturbance in sleep and appetite, guilt,
hopelessness, or suicidal thoughts suggest depression, while
blunted affect suggests negative symptoms (Barnes et al.
1989; Kibel et al. 1993; Kuck et al. 1992; Lindenmayer et
al. 1991; Müller et al. 2001; Norman and Malla 1991). It
is important to identify the entire syndrome rather than
to measure discrete symptoms that can occur in both negative symptoms and depression.

Differentiating Depressive Symptoms in
Schizophrenia From Schizoaffective Disorder
Differentiating schizoaffective disorder from depression
in schizophrenia entails longitudinal assessment of symptoms and symptom development. The term schizoaffective
disorder was used to describe individuals showing an overlap of features of schizophrenia and affective disorder
(Norman and Malla 1991). More recently, schizoaffective
disorder has been classified distinctively according to different diagnostic systems (Barnes et al. 1989; Kibel et al.
1993; Kuck et al. 1992), which has affected disparities
between schizoaffective disorder and depression in
schizophrenia. Operationalized criteria such as those in
ICD-10 (World Health Organization 1992) specify schizophrenic depressive symptoms (called postschizophrenic
depression), whereby the individual has some schizophrenic symptoms with prominent depressive symptoms
that are distressing and fulfill at least one criterion of a
depressive episode. ICD-10 diagnostic criteria for schizoaffective disorder specify that individuals have both definite prominent schizophrenic and simultaneously definite
affective symptoms. In DSM-IV-TR, schizoaffective disorder refers to individuals in whom a full affective syndrome corresponds with the complete psychotic syndrome but who also have considerable episodes of
psychosis in the absence of an affective syndrome.
In spite of these specific definitions, discussion persists
as to whether schizoaffective disorder should be considered a subtype of schizophrenia, a subtype of affective disorder, a distinct entity with dimensions between schizophrenia and affective disorder, a co-occurrence of two
distinct diatheses, or an erroneous concept altogether
(Siris 2000).

Measurement of Depression in Schizophrenia
Assessment of depression in schizophrenia can be performed using the Calgary Depression Rating Scale for
Schizophrenia (CDSS), which, because of its proven reliability and validity, is the standard assessment instrument
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to measure depression in schizophrenia (Addington et al.
1990, 1991b; Müller et al. 2005).

SUICIDE AND SELF-INJURY
Suicide
The occurrence of suicide attempts during the course of
schizophrenia is a serious complication of the illness.
Studies estimate that 9%–24% of individuals with schizophrenia will die by suicide (Caldwell and Gottesman 1992;
Siris et al. 1993). Bleuler (1911/1950) suggested that the
suicidal drive is “the most serious of schizophrenic symptoms” (as cited in Meltzer 1999). Further, an estimated
3,600 patients with schizophrenia commit suicide each
year in the United States alone (Meltzer 1999), a rate more
than 20 times higher than the general population (Allebeck 1989; Black 1988; Meltzer et al. 2000). It has been
reported that up to 40% of patients diagnosed with schizophrenia will have at least one suicide attempt in the course
of their illness (Meltzer et al. 2000; Planansky and Johnston 1971).
Given the clinical relevance of suicide attempts in the
course of schizophrenia, several studies have investigated
the clinical variables associated with suicidal behavior.
Male gender, younger age, unemployment, presence of
depressive symptoms (particularly hopelessness), a positive family history for suicide attempts, comorbid substance abuse, lack of a supportive environment, and a
longer duration of untreated psychosis have been associated with increased suicide risk in patients with schizophrenia (Black et al. 1988; Breier and Astrachan 1984;
Caldwell and Gottesman 1990; Heila et al. 1997; Siris
2001). Substance and drug use is another important risk
factor for suicidal behavior. Heila and colleagues (1997)
reported that substance use, particularly alcohol, is a specific risk factor in older males with schizophrenia. Social
dysfunction is an additional risk factor. Socially isolated
and unemployed males have been found to be more at risk
of suicide (Drake et al. 1984), although the existence of
social factors may also suggest disease progression as a risk
factor. Other studies (Adam et al. 1982; Peuskens et al.
1997) have examined the relationship of loss and suicide attempts and completion in patients with schizophrenia.
They yielded varying results with no clear-cut validation
of loss leading to suicidal tendencies. Continually depressed mood—specifically hopelessness and psychomotor instability—was significantly associated with suicide in
a prospective study examining 104 schizophrenic patients,
15 of whom committed suicide (Drake et al. 1986). Also,
Gupta and colleagues (1998), in a study investigating 336
schizophrenia patients and patients with schizoaffective

disorder, found that 98 patients with a history of attempted suicide had exhibited a significantly higher mean
number of lifetime depressive episodes compared with
238 patients with no prior suicidal history. Kaplan and
Harrow (1996) have provided prospective evidence that
the construct of poor overall function, poor social and
work function, and poor quality of life are predictive risk
factors for later suicide.

Self-Injury
The National Mental Health Association (Contero and
Lader 1998) describes self-injury as self-mutilation, selfharm, or self-abuse. This behavior is defined as the deliberate, repetitive, impulsive, nonlethal harming of oneself.
Self-injury includes 1) cutting, 2) scratching, 3) picking at
scabs or interfering with wound healing, 4) burning,
5) punching self or objects, 6) infecting oneself, 7) inserting
objects in body openings, 8) bruising or breaking bones,
9) some forms of hair-pulling, as well as other various
forms of bodily harm. These behaviors are relatively uncommon in patients with schizophrenia but can lead to
significant dangers in patients’ health when they do occur.
Examples include burning the skin with an iron or cigarette, cutting off a finger, enucleating an eye, or cutting
the skin with a knife or razor in a ritualistic manner. Genital self-mutilation is a rare, severe form of self-injurious
behavior. It is usually seen in schizophrenia as being the
result of delusions and hallucinations (Becker and Hartmann 1997; Martin and Gattaz 1991; Mishra and Kar
2001). Specific risk factors of genital self-mutilation include command hallucinations, religious delusions (Bhargava et al. 2001), substance abuse, and social isolation (Tobias
et al. 1988).

ANXIETY
Although anxiety is common during the prodromal and
the acute psychotic phase, it is less prominent during the
chronic stages of the illness. During the prodromal phase,
even before the presentation of delusional or hallucinatory manifestations, anxiety can be a very common feature. Anxiety is defined as a feeling of apprehension caused
by the anticipation of danger, which may be internal and
external, or it can be a response to a threat that is vague or
unknown. Anxiety can arise as a component of psychosis.
For example, a patient with schizophrenia may become
hypervigilant as a reaction to delusional perception and
hallucinations. Fish (1984) indicated that anxiety is usually
associated with persecutory delusions and hallucinations
during the acute onset of psychosis. Thus, the sudden onset of hallucinations can generate marked depression and
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anxiety. An important differential diagnosis is the iatrogenic anxiety of akathisia induced by antipsychotic treatment. The timing of onset of the predominant motor
restlessness in the legs associated with the antipsychotic
treatment may help clarify the diagnosis.
It has been reported that approximately 45% of patients with schizophrenia may also have an anxiety disorder (Pallanti et al. 2003). Studies have shown that alcohol
abuse in patients with schizophrenia can produce anxiety
symptoms (Drake and Wallach 1989; Strakowski et al.
1994). Similarly, marijuana use in schizophrenia patients
is associated with increased symptoms of anxiety (Ziedonis and Nickou 2001, p. 198).
As with depression, anxiety is occasionally an early
precursor of a psychotic relapse (Docherty et al. 1978).
Jorgensen (1998) examined anxiety as one of several warning signs of recurrence of psychotic symptoms in 131 patients with schizophrenia. Results showed that delusional
formation correlated with anxiety and early signs of psychosis measures.
The impact of anxiety and depression on the quality of
life in schizophrenic patients has been studied more recently, showing that patients exhibiting anxiety symptoms
show impairment in their quality of life that is independent of depressive symptoms (Goodwin et al. 2001; Huppert et al. 2001; Wetherell et al. 2003).

Comorbid Anxiety Disorders and
Schizophrenia
Patients with schizophrenia may have significant difficulty in social interactions associated with social anxiety.
Social anxiety disorder, or social phobia, is a state characterized by an acute and continual fear of social situations in
which the person fears degradation or embarrassment in
the presence of others. Penn and colleagues (1994) conducted one of the first major studies on social anxiety in a
population of patients with schizophrenia. They found
that positive symptoms correlated with increased selfreports of social anxiety, whereas negative symptoms correlated with specific behavioral indicators of social anxiety, such as speech rate and fluency. Cosoff and Hafner
(1998), using a structured diagnostic interview to assess
anxiety in 100 successively admitted patients with a psychotic disorder (60 of whom were diagnosed with schizophrenia), found that 17% of patients with schizophrenia
had social anxiety disorder, 13% had obsessive-compulsive disorder (OCD), and 12% had generalized anxiety
disorder. For the schizophrenic subjects who displayed
comorbid anxiety, approximately 50% reported that the
anxiety disorder occurred before the onset of psychosis by
several years. More recently, elevated rates of social anxi-

ety disorder in clinical samples of patients with schizophrenia ranging from 6.0% to 42.8% have been reported
(Pini et al. 2003).

DIFFERENTIAL DIAGNOSIS OF
SCHIZOPHRENIA
Aspects of the positive, negative, and cognitive symptom
dimensions are not unique to schizophrenia; they can be
found in other psychotic, neurological, and medical disorders as well (Maziade et al. 1995; Rotakonda et al. 1998;
Serretti et al. 1996). The diagnosis of schizophrenia is not
easy to establish, particularly when patients present with a
first psychotic episode. It should be emphasized that no
single feature (e.g., family history, cross-sectional symptomatology) can determine a diagnosis of schizophrenia. A
comprehensive history of symptom development, family
history, careful clinical interview exploring all symptom
dimensions, and review of any physical signs, together with
laboratory assessments, will be necessary to arrive at an
accurate diagnosis. In terms of symptom presentation, formal thought disorders and affect disorders are characteristic features of schizophrenia. At times, the diagnosis may
not be clear in the beginning of the disorder, and there may
be need for an extended observation period to examine the
stability and course of symptoms. In general, the reliability
of differentiating schizophrenia from other psychotic disorders is strengthened by the guidelines presented in
DSM-IV-TR or ICD-10 (see Tables 11–3 and 11–4).
The clinical presentation, course, and outcome of psychotic and other symptoms are the major factors that differentiate schizophrenia from other psychotic disorders.
The following psychiatric illnesses must be excluded before diagnosing schizophrenia:

SCHIZOPHRENIFORM DISORDER
DSM-IV-TR requires the duration for schizophreniform
disorder to be at least 1 month but less than 6 months
(American Psychiatric Association 2000, p. 317). Hence,
schizophreniform disorder is likely to be diagnosed in patients who have an abrupt rather than insidious onset and
who have good premorbid adjustment. The most important distinctions between the two disorders are mode of
onset and duration of symptoms.

SCHIZOAFFECTIVE DISORDER
Schizoaffective disorder is characterized by an uninterrupted period of illness during which there is at some time
either a major depressive episode, a manic episode, or a
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mixed episode that meets the respective full criteria together with symptoms that meet criterion A for schizophrenia for at least 1 month (see Table 11–4). Schizoaffective disorder differs from schizophrenia in that both the
required affective symptoms and the features of schizophrenia are prominent and co-occur (Tsuang et al. 1985).
Patients with schizoaffective disorder may also have a relatively abrupt onset of illness and do not meet the social/
occupational dysfunction criteria required for a diagnosis
of schizophrenia as specified in DSM-IV-TR. Patients
should show at least two of the following: delusions, hallucinations, disorganized speech, grossly disorganized or
catatonic behavior, and negative symptoms (such as alogia, blunted affect, avolition) during the period of illness.
DSM-IV-TR specifies that during the episode of illness
there have to be delusions and hallucinations for at least
2 weeks that occur in the absence of prominent mood
symptoms (p. 322). Both bipolar and depressive schizoaffective subtypes have been defined.

AFFECTIVE DISORDERS
Mood disorders such as bipolar affective disorder and
depressive disorder with psychotic features are diagnosed
when there are psychotic symptoms that occur only during periods of diagnosable mood disturbance. For example, bipolar patients with mania may display a wide variety
of psychotic symptoms such as hallucinations, paranoid
delusions, and formal thought disorder (Csernansky
2002). Inflated self-esteem and grandiose ideas may
expand into delusions of grandiosity, and irritability and
suspiciousness into delusions of persecution. Patients
with schizophrenia will usually have delusions with moodincongruent and bizarre content, whereas patients with
major depressive episodes or bipolar manic episodes may
experience hallucinations, and/or delusions, which are
usually mood congruent. Also, the presence or absence of
Schneiderian first-rank symptoms may provide some diagnostic guidance.

DELUSIONAL DISORDER
Delusional or paranoid disorder can be frequently confused with schizophrenia. The age at onset of delusional
disorder is later than that for schizophrenia, and there is
typically less deterioration in occupational and social
functioning. Another distinction between delusional disorder and schizophrenia is that in the former there is a
well-articulated, nonbizarre delusional system with only
one or two themes. Thus, the diagnosis of delusional disorder does not include hallucinations, disorganized
behavior, or negative symptoms (Csernansky 2002).

BRIEF PSYCHOTIC DISORDER
Brief psychotic disorder has a rapid onset, generally following a major stressor. Individuals with brief psychotic
disorder are characterized by one (or more) positive
symptoms such as delusions, hallucinations, disorganized
speech, or grossly disorganized or catatonic behavior.
Symptoms of brief psychotic disorder occur shortly after
or in response to a psychotic stressor such as trauma. A
distinctive feature of brief psychotic disorder from schizophrenia is that symptoms can only last from 1 day to
1 month and that the individual shows a full return to premorbid level of functioning.

SHARED PSYCHOTIC DISORDER
Shared psychotic disorder (folie à deux) is a delusional disorder in which an individual develops delusions as a result
of a relationship with another individual who has been diagnosed with a psychotic disorder, usually schizophrenia,
with prominent delusions. This occurs generally in a
long-standing, close relationship that has been fairly socially isolated, with the initially healthy person being the
more passive partner. The content and nature of the delusions are very similar between the two individuals and
can be very bizarre. The close relationship and the similarity of the delusional material of the two individuals are
the differentiating features from schizophrenia.

OBSESSIVE-COMPULSIVE PERSONALITY DISORDER
The essential feature of obsessive-compulsive personality
disorder (OCPD) is a “preoccupation with order, perfectionism, and mental and interpersonal control, at the expense of flexibility, openness, and efficiency” (American
Psychiatric Association 2000, p. 725). Patients recognize
that their preoccupation with orderliness is internally motivated, and there are no well-formed delusions or hallucinations or a thought disorder. OCPD should not be
confused with OCD. The American Psychiatric Association (2000, pp. 725; see also pp. 457–458) defines OCPD
as a personality disorder, whereas OCD is an anxiety disorder. The main difference between OCD and OCPD lies
in the degree of life-impairment. Although some schizophrenic delusions may resemble obsessions seen in OCD,
people experiencing delusions do not have insight into
their content (O’Dwyer and Marks 2000). DSM-IV-TR
suggests that when the obsession in OCD reaches “delusional proportions,” delusional disorder or psychotic disorder not otherwise specified should be diagnosed in addition to OCD (p. 461). On the other hand, ICD-10
states that obsessive symptoms in the presence of schizophrenia should be regarded as part of the disorder.
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SCHIZOTYPAL PERSONALITY DISORDER
Schizotypal personality disorder is characterized by social
and interpersonal deficits evidenced by reduced competence for relationships, cognitive distortions, and unconventional behavior. Individuals with this disorder may
have bizarre forms of thinking and perceiving and often
seek isolation from others. Schizotypal personality disorder generally begins in early adulthood and presents in a
variety of contexts, as indicated by five (or more) of the
following symptoms (American Psychiatric Association
2000, p. 701):
1. Ideas of reference (excluding delusions of reference)
2. Odd beliefs or magical thinking that influences behavior and is inconsistent with subcultural norms
3. Unusual perceptual experiences, including bodily illusions
4. Odd thinking and speech
5. Suspiciousness or paranoid ideation
6. Inappropriate or constricted affect
7. Behavior or appearance that is odd, eccentric, or peculiar
8. Lack of close friends or confidants other than firstdegree relatives
9. Excessive social anxiety that does not diminish with familiarity and tends to be associated with paranoid fears
rather than negative judgments about self
In contrast to schizophrenia, schizotypal personality
disorder does not involve delusions or hallucinations, and
there is no deterioration in social and occupational functioning.

BODY DYSMORPHIC DISORDER
The main characteristic feature of body dysmorphic disorder (BDD) is a preoccupation with an alleged deficiency
in one’s physical body shape. Patients with BDD may display disproportionate distress about an insignificant imperfection or have persistent, anxiety-provoking feelings
concerning a minor flaw. Underlying this distress is a persistent distortion of one’s body scheme, which may take
on delusional proportions. Patients with BDD are most
regularly focused on head and face but may also involve
any other body part. At times, an individual with BDD
may avoid contact with others to prevent his or her defect
from being observed by other people (Veale et al. 1996).
Although rare childhood cases have been reported, most
people develop BDD in their early or middle teens (Phillips 1996). Individuals with BDD do not experience hallucinations and disorganized thinking. They do not assign

the cause of their distorted body image to outside malevolent forces as patients with schizophrenia often do.

PSYCHOTIC DISORDERS DUE TO
MEDICAL CONDITIONS
It is important to differentiate psychosis caused by head
trauma, brain tumors, multiple sclerosis, Huntington’s
disease, or Wilson’s disease from schizophrenia. In these
disorders, cognitive symptoms such as disorientation,
short-term memory loss, and confusion will predominate
the clinical picture. A full neurological and medical examination will assist with the diagnosis. Also, adverse effects
to medications can manifest as psychotic symptoms. For
example, symptoms of psychosis can occur during treatment with L-dopa, anticholinergics, and corticosteroids
(Guggenheim and Babigian 1974; Rudick et al. 1997).

SUBSTANCE-INDUCED PSYCHOTIC DISORDERS
The main characteristics of substance-induced psychotic
disorders are the presence of prominent hallucinations
and delusions, which are thought to be directly related to
the physiological effects of a substance. There has to be
evidence, based on history, physical examination, and laboratory findings, that the disorder arises in the context of
substance withdrawal or intoxication. Usually, the disorder lasts as long as there is use of the substance (onset during intoxication) or can begin after the individual has
stopped using substances (onset during withdrawal). Hallucinogens such as lysergic acid diethylamide (LSD) and
stimulants such as methamphetamine, amphetamine,
cocaine, and PCP can generate visual and auditory hallucinations. Alcohol hallucinations, which tend to be visual
and kinesthetic, differ from those seen in schizophrenia in
that they occur only after extended use of alcohol and usually last for a short period of time (Csernansky 2002).
Moreover, alcohol-related hallucinations are not associated with a family history of schizophrenia, and generally
individuals are aware that their hallucinations are not real,
which is characteristically not the case with individuals
with schizophrenia (Csernansky 2002).

SUBTYPES OF SCHIZOPHRENIA
The subtypes of schizophrenia are distinguished by the
prevalent symptomatology. Initially, Kraepelin (1919)
divided “dementia praecox” into three clinical subtypes:
hebephrenic, catatonic, and paranoid. He later expanded
on these three subtypes to include several other catego-
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ries, yet emphasized that the subgrouping of different
clinical descriptions was of restricted clinical value
(pp. 89–180). Currently, there are various subtypes of
schizophrenia as specified by the particular diagnostic system. Table 11–5 presents the most dominant subtypes
occurring in schizophrenia patients, which include paranoid, disorganized (hebephrenic), catatonic, undifferentiated, and residual schizophrenia.

CONCLUSION
Schizophrenia is a disorder with a significant heterogeneous presentation of a variety of symptoms that can affect virtually all areas of psychological functioning and
which are best understood to represent separate psychopathological syndromal domains. These major symptom
domains include positive, negative, cognitive, excitement,
and depression/anxiety symptoms and are found in each
patient with schizophrenia to a variable extent. Each of these
domains will affect patients’ instrumental, social, and occupational functioning to various degrees and can lead to
significant overall functional impairment. Recognizing and
identifying the specific pathophysiological processes underlying each of these domains, together with their distinct dysregulated neuronal circuitry and susceptibility
genes, will help identify underlying endophenotypes. This
process will in turn lead to a better understanding of underlying illness mechanisms and in the development of better approaches in the treatment of this complex disorder.
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More than half of all patients with schizophrenia experience at least one co-occurring (i.e., comorbid) psychiatric
disorder (Bermanzohn et al. 2000; Bland et al. 1987; Cassano et al. 1998); moreover, such co-occurring disorders
often have a deleterious effect on the course of schizophrenia (Bermanzohn et al. 2000; Bland et al. 1987; Cassano et al. 1998). Detection and optimal treatment of such
co-occurring disorders in this patient population are essential if patient outcomes are to be optimized.
Some co-occurring conditions may have a genetic link
to schizophrenia, and research aimed at establishing
whether patients with schizophrenia are at increased risk
for certain disorders may expand our understanding of the
causes of schizophrenia (see Chapter 3, “Genetics”). Thus
far, the best example of this notion involves adults who
have the velocardiofacial syndrome. People with this condition, which is associated with small deletions of chromosome region 22q11, are more likely to receive diagnoses of
schizophrenia and bipolar disorders than are those without
the syndrome (Murphy et al. 1999). Moreover, 22q11 contains the gene for catechol-O-methyltransferase, an en-

zyme involved in the degradation of dopamine (Grossman
et al. 1992), a neurotransmitter thought to play an important
role in the expression of psychotic symptoms (Carlsson
1988). Interestingly, more recent studies have suggested
that polymorphisms of the catechol-O-methyltransferase
gene may impair prefrontal cognitive function and increase the risk for psychotic symptoms (Egan et al. 2001).
Co-occurring disorders also may provide clues about
the neurobiology of schizophrenia itself. For example,
Green and colleagues (1999) proposed a neurobiological
hypothesis to explain the high rates of substance use disorders observed in patients with schizophrenia. This hypothesis suggests that dysfunctional dopamine-mediated
mesocorticolimbic brain reward pathways may underlie
the symptoms of schizophrenia and the high vulnerability
to substance abuse in these individuals.
Although medications and psychosocial interventions
are effective for the treatment of symptoms of schizophrenia and its associated cognitive deficits, identifying and
treating co-occurring conditions in patients with schizophrenia remain major clinical challenges. In this chapter,
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we address many important co-occurring symptoms and
disorders: substance use, depressive disorder, suicide,
panic, social phobia, trauma and posttraumatic stress
disorder (PTSD), and obsessive-compulsive disorder
(OCD).

SUBSTANCE USE DISORDERS
PREVALENCE AND ETIOLOGY
The lifetime prevalence of alcohol or drug use disorders
(referred to in this chapter by the generic term substance
use disorders) in patients with schizophrenia is surprisingly
high. The Epidemiologic Catchment Area study reported
a lifetime prevalence of 47% for substance use disorders
in people with schizophrenia as compared with 16% of
the general population (Regier et al. 1990). The National
Comorbidity Study reported a lifetime substance use disorder comorbidity of 59% in the population with schizophrenia (Kendler et al. 1996a). Alcohol is the most commonly abused substance in patients with schizophrenia,
followed by cannabis (Drake and Mueser 1996; Mueser et
al. 1990; Selzer and Lieberman 1993), which was reported
to occur in more than 50% of first-episode patients in one
sample (Rolfe et al. 1999). In addition, most people with
schizophrenia are dependent on nicotine (58%–90%)
(Dalack et al. 1998; Hughes et al. 1986), a rate approximately three times that in the general U.S. population
(Centers for Disease Control 2004).
Substance use disorders complicate the course of illness and treatment of patients with schizophrenia, even
when the substance use pattern is rather modest. For
these individuals, regular use of even small amounts of alcohol can have negative effects (Drake and Wallach 1993).
Substance use is associated with treatment nonadherence;
suicidality; hospitalization; homelessness; victimization;
violence; increased risk for HIV, hepatitis B, and hepatitis
C infection; and lower functioning in general (Brady et al.
1990; Drake and Mueser 1996; Drake et al. 1989; Hurlburt et al. 1996; Lysaker et al. 1994; Neria et al. 2002;
Owen et al. 1996; Rosenberg et al. 2001a). Moreover, substance use disorders in first-episode patients may complicate assessment of the psychosis and delay treatment
( J. Addington and Addington 2001; Green et al. 2004).
Many theories have been developed to explain the increased prevalence of substance use disorders in people
with schizophrenia. The stress-vulnerability model proposes that a genetic vulnerability, modified by early environmental events, interacts with later environmental
stressors to precipitate either the onset or the relapse of a
psychiatric or substance use disorder. Vulnerability to

schizophrenia and substance use disorders may be related
to each other in this model, and substance use may serve
as the environmental stressor that precipitates onset of
psychosis in vulnerable individuals (Deganhardt et al.
2003). The stress-vulnerability model is supported by
data indicating that use of cannabis is associated with an
earlier onset of schizophrenia (Green et al. 2004); that patients with schizophrenia are highly sensitive to the detrimental effects of low doses of substances, such as amphetamine (Lieberman et al. 1987) and alcohol (Drake and
Wallach 1993); and that these patients experience negative clinical effects, such as relapse, following use of small
quantities of substances (Drake et al. 1989; Treffert 1978).
Several authors have proposed a “self-medication” hypothesis, suggesting that substances are used to lessen
symptoms of the psychotic disorder or to reduce side effects of antipsychotic medications (Khantzian 1997; Siris
1990). Although some research indicates that substance
use may decrease negative symptoms and medicationinduced extrapyramidal side effects (J. Addington and
Addington 1998; Buckley et al. 1994; Glynn and Sussman
1990; Kavanagh et al. 2004; Lysaker et al. 1994; Yang et
al. 2002), the bulk of the research in this area does not support a causal relation between substance use and level of
psychiatric symptoms (J. Addington and Addington 1998;
Brunette et al. 1997; Buchanan et al. 1997; Hamera et al.
1995; Mueser et al. 1990; Soni and Brownlee 1991). Moreover, first-episode patients have high rates of substance use
disorders prior to exposure to antipsychotic medications
and their side effects ( J. Addington and Addington 2001;
Green et al. 2002, 2004; McEvoy and Brown 1999; Veen
et al. 2004), and first-episode patients with a history of
substance abuse report fewer negative symptoms than do
those without such a history (Green et al. 2004).
A family history of substance use disorder may increase the risk for substance use disorders in patients with
schizophrenia (Noordsy et al. 1994), but family history
alone does not explain the overall increased prevalence.
Family, twin, and genetic studies thus far indicate that the
biological (presumed genetic) vulnerability for one disorder is different from the vulnerability for the other. Thus,
the presence of schizophrenia in a family member does
not appear to increase the risk for substance use disorder
in other family members without schizophrenia, and the
presence of a substance use disorder in a family member
does not increase the rest of the family’s risk for schizophrenia (Bidaut-Russell et al. 1994; Jones and Cannon 1998;
Kendler 1985; Kendler et al. 1985, 1996b, 1996c).
Nevertheless, the biological vulnerability to substance
abuse in schizophrenia may be an inherent part of the
neurobiology of schizophrenia (Green et al. 1999; Stone
et al. 2001). Green and colleagues (1999) proposed a neu-
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TA BL E 12 – 1 . Principles of integrated dual-disorder
treatment for patients with schizophrenia
Integration of mental health and substance use disorder
treatments
Stagewise treatment that is tailored to the patient’s motivation
for change
Comprehensive services that include medication management,
psychosocial rehabilitation, skills training, and residential and
vocational services
Long-term perspective

robiological formulation suggesting that the high rates of
comorbid substance use disorders in patients with schizophrenia may relate to a deficiency in the dopamine-mediated mesocorticolimbic brain reward circuits and to the
ability of substances of abuse to ameliorate this deficiency.
Chambers and colleagues (Chambers and Self 2002;
Chambers et al. 2001) subsequently described a similar
theory, proposing that dysfunctions of the hippocampal
and prefrontal areas, as well as other components of the
brain reward circuit, form the neurobiological basis for
high rates of co-occurring substance use disorders in
schizophrenia. Although the heightened vulnerability to
substance use disorders in people with schizophrenia is
likely multidetermined, the confluence of findings from
neuroanatomical, neuropsychological, and neuropharmacological studies is consistent with the reward system dysfunction model (Chambers et al. 2001; Dervaux et al.
2001; Green et al. 1999). In patients with schizophrenia,
this model suggests that alcohol and drug use may enhance the functioning of the brain reward circuit by acting
to improve the “signal detection” capability of dopaminerich pathways (Fadda et al. 1989; Goeders and Smith
1986; Green et al. 1999), resulting in a subjective improvement in how patients feel despite having a negative
effect on the illness course.

DETECTION AND MANAGEMENT
Co-occurring substance use disorders usually are underdetected and undertreated in mental health settings (Ananth
et al. 1989), where the traditional separation between
mental health and substance abuse training programs and
service-delivery systems leads to a lack of knowledge about
co-occurring disorders and inconsistent commitment to
the treatment of the substance abuse component (Ridgely
et al. 1990). Given the substantial lifetime vulnerability of
patients with schizophrenia for substance use disorders,
clinicians should discuss substance use with all patients at
regular intervals over time. Screening and assessment can
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be assisted through the use of standardized measures,
especially instruments specifically developed for patients
with mental illness (e.g., Dartmouth Assessment of Lifestyle Instrument [Rosenberg et al. 1998], Alcohol Use
Scale [Mueser et al. 1995], and Drug Use Scale [Mueser
et al. 1995]). Clinicians should supplement their observation of behaviors consistent with substance use (e.g., frequent missed appointments and financial or legal problems) with collateral information from family members,
case managers, and significant others. A functional analysis of substance use incorporates the patient’s view of both
the positive and the negative aspects of substance use and
actively involves the patient in the assessment process
while simultaneously providing the foundation for cognitive-behavioral substance abuse counseling. A nonjudgmental attitude reinforces honest communication about
substance use and improves detection and treatment (Miller and Rollnick 2002).
In a review of 26 controlled studies of outpatient and
residential programs, Drake and colleagues (2004) emphasized that integrating the treatment of the psychotic
and the substance use disorders, thereby allowing for the
coordination of pharmacotherapy, psychosocial treatments, and substance abuse counseling into one comprehensible package, results in improved patient outcomes
(Barrowclough et al. 2001; Blankertz and Cnaan 1994;
Drake et al. 1998). Important components of the effective
integrated treatment of dual disorders include 1) staged
interventions that are tailored to the patient’s motivation
for change (e.g., assertive outreach and motivational interviewing); 2) comprehensive services (e.g., medication
management, rehabilitation, and social support interventions); and 3) a long-term perspective (Drake et al. 2004)
(Table 12–1). One such treatment program, Integrated
Dual Disorder Treatment (Brunette et al. 2002; Mueser
et al. 2003a), recommends that multidisciplinary teams
provide the components of integrated care by using case
management, individual counseling, treatment groups,
and family interventions. It is also important to ensure
that these patients have access to residential services and
vocational supports.
Research on the optimal pharmacotherapy for dualdiagnosis patients has not yet established a standardized
treatment approach that can meet the needs of all or even
most patients (Krystal et al. 1999; Noordsy and Green
2003; Wilkins 1997). However, it is clear that antipsychotic
agents decrease symptoms of schizophrenia and improve
overall functioning in these patients; moreover, some
agents may even reduce substance use. Optimally, medications serve to enhance a patient’s ability to participate in
psychosocial treatments and thus facilitate recovery from
both disorders (Noordsy et al. 2002).
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Although first-generation antipsychotic medications
are effective for psychosis, patients with co-occurring
substance abuse tend to continue to use substances and experience poor outcomes while taking them (Drake et al.
1989; Salyers and Mueser 2001). Research on the effect of
second-generation antipsychotics is in its infancy but appears to suggest that some of these medications may be
particularly helpful for these patients. Five preliminary
studies suggested that the second-generation antipsychotic clozapine may be helpful in treating substance use
disorders (Buckley et al. 1999; Drake et al. 2000; Green et
al. 2003; Lee 1998; Zimmet et al. 2000). Two of three recent studies showed striking reductions (approximately
80% reduction) in the use of substances in dual-disorder
patients who took clozapine (Drake et al. 2000; Zimmet
et al. 2000). The most recent study reported abstinence
from alcohol and cannabis (a more rigorous outcome) in
54% of the clozapine users compared with 13% of the risperidone users with dual disorders (Green et al. 2003).
Additionally, three studies suggested that clozapine helps
patients with schizophrenia reduce cigarette smoking
(George et al. 1996; McEvoy et al. 1995, 1999).
Research on the effect of risperidone is even more preliminary and has produced mixed results, but it appears that
risperidone may be less effective than clozapine in reducing
substance use in patients with schizophrenia (Albanese
2001; Green et al. 2003; Smelson et al. 2002). The research
on olanzapine is also mixed. Two case reports (Longo et al.
2002; Tsuang et al. 2002) and a small study (Littrell et al.
2001) suggested that it may help patients with schizophrenia reduce cocaine use, but another naturalistic prospective
study reported that it was not more effective than firstgeneration agents (Noordsy et al. 2001). One report of the
use of quetiapine in psychiatric patients with comorbid
stimulant abuse showed decreased stimulant craving but
not drug use (Brown et al. 2002). Two studies suggested
that second-generation antipsychotics are more effective
than first-generation antipsychotics for smoking cessation
when used in combination with a nicotine patch and psychosocial treatments (George et al. 2000) or when used
with bupropion and psychosocial treatments (George et al.
2002) in this population. To our knowledge, no reports
have been published on the effect of ziprasidone or aripiprazole on substance abuse in patients with schizophrenia.
Green and colleagues (1999) suggested that clozapine
may be uniquely effective for patients with schizophrenia
and substance use disorders because of its unusual pharmacological profile. Clozapine potently blocks α2-noradrenergic receptors, increases norepinephrine levels,
and weakly blocks dopamine2 receptors, which may allow
it to normalize the signal detection capability of dysfunctional mesocorticolimbic brain reward circuits (Green et

al. 1999). Clearly, more studies are required to assess the
effects of novel antipsychotics in this population.
Other medications demonstrated to be effective for
the treatment of substance abuse in the general population show some promise for patients with schizophrenia.
For example, bupropion, an antidepressant approved by
the U.S. Food and Drug Administration (FDA) for smoking cessation, was shown to be helpful for smoking cessation in three small groups of patients with schizophrenia
(Evins et al. 2001; George et al. 2002; Weiner et al. 2001).
The tricyclic antidepressants desipramine and imipramine have been shown in small, preliminary studies to
have a potential role in treating patients with comorbid
substance abuse, especially those with a cocaine use disorder (Siris et al. 1993; Ziedonis et al. 1992), but further research is needed. Disulfiram has been used with safety and
some success to decrease alcohol use in this patient population (Kofoed et al. 1986), although it must be used with
caution because of its potential ability to increase psychosis (Kingsbury and Salzman 1990). A retrospective, uncontrolled study of disulfiram in 33 patients with alcoholism
and severe mental illness showed a 64% rate of sustained
remission from alcoholism (Mueser et al. 2003b). Four
preliminary studies (Dougherty 1997; Maxwell and Shinderman 1997, 2000; Petrakis et al. 2004) reported that
naltrexone, an agent that has been shown to reduce drinking in people with alcohol use disorders in the general
population (O’Malley et al. 1992; Volpicelli et al. 1992),
may have some value in decreasing alcohol use in patients
with comorbid schizophrenia as well.
Pharmacotherapy for patients with co-occurring schizophrenia and substance use disorders should include medications to treat both the mental illness and the substance
use disorder, taking care to prescribe medications that are
safe in the context of substance use. Although dangerous
interactions between psychotropic medication and substances of abuse are of real concern, they seem to be rare
(for a review of potential interactions, see Mueser et al.
2003a). The second-generation antipsychotic agents are
generally safer and have fewer side effects than older medications and may be more useful than first-generation
agents in this population. Clozapine, despite its potential
side effects, shows the most promise. Prescription benzodiazepine use is controversial in persons with primary
substance use disorders, but the practice appears to be common for people with dual disorders (Clark et al. 2004). Because these medications do not appear to improve outcomes and are associated with the development of
benzodiazepine use disorders (Brunette et al. 2003), they
probably should be avoided in these patients.
A shared decision-making approach to prescribing medications that may be likely to support the patient’s progress
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Co-occurring substance use and other psychiatric disorders in schizophrenia

Co-occurring disorder

Estimated lifetime
prevalence (%)

Substance use disorders

Depressive disorders

47–59

Up to 81

Recommended treatments
Second-generation antipsychotics, with more evidence for clozapine;
medications for substance use disorders; integrated treatments for
mental illness and substance use disorders
Second-generation antipsychotics; addition of antidepressant
medication; psychosocial treatments for depression

Panic disorder

6–30

Case reports suggest addition of antipanic medications and cognitivebehavioral therapy

Social phobia

15–40

Case reports suggest addition of antidepressants and cognitivebehavioral therapy

Posttraumatic stress disorder

14–43

Consider treatments effective in general population: antidepressant
medications and cognitive-behavioral therapy

Obsessive-compulsive disorder

4–24

Case reports suggest addition of serotonin reuptake inhibitors and
cognitive-behavioral therapy

toward recovery from both disorders is useful (Noordsy et
al. 2000). Importantly, clinicians should encourage patients to take antipsychotics and other appropriate psychotropic medication, despite ongoing substance use, in
order to stabilize the mental illness and to facilitate participation in substance abuse counseling. Comprehensive,
integrated psychosocial and psychopharmacological treatments of both the psychotic and the substance use disorders
delivered by multidisciplinary teams are recommended
(Drake et al. 2001; Mueser et al. 2003a) (Table 12–2), but
further research is needed to clarify effective psychopharmacology for this group of patients.

DEPRESSIVE DISORDERS
PREVALENCE AND OUTCOME
Although schizophrenia is viewed primarily as a psychotic
disorder, patients with schizophrenia experience a variety
of depressive states, ranging from dysphoria to major depression. The National Comorbidity Study (Kendler et
al. 1996a), as well as other studies (Bland et al. 1987;
Hafner et al. 1999; Koreen et al. 1993; Martin et al. 1985),
reported a lifetime risk of depression in patients with
schizophrenia of up to 81%, with the point prevalence of
major depression ranging from 10% to 30% (Baynes et al.
2000; Delahanty et al. 2001; Hafner et al. 1999; Herbener
and Harrow 2002; Jin et al. 2001; Messias et al. 2001). Depression can be a symptom of the prodromal period prior
to onset of psychotic symptoms (Hafner et al. 1999), and
it can be an integral component of an acute episode of

schizophrenia (McGlashan and Carpenter 1976; Sax et al.
1996). For example, although 50%–80% of patients with
first-episode schizophrenia have depressive symptoms
prior to or during their first psychotic episode, nearly all
of the depressive symptoms resolve as the psychosis remits (J. Addington et al. 2003; Hafner et al. 1999; Koreen
et al. 1993; Oosthuizen et al. 2002; Tollefson et al. 1999).
Others have observed that depression can occur as a
postpsychotic syndrome after the resolution of psychosis
(Birchwood et al. 2000) and can be seen as a response to
psychosis (Sax et al. 1996). Furthermore, depression commonly occurs during the process of decompensation into
a new psychotic episode (Malla and Norman 1994; Subotnik and Nuechterlein 1988; Tollefson et al. 1999). Although women in the general population are more likely
to experience depressive symptoms and syndromes than
are men, the evidence is mixed as to whether women with
schizophrenia are at higher risk for depression than are
men with schizophrenia (D. Addington et al. 1996;
Brunette et al. 1997; Hafner et al. 1999; Jin et al. 2001;
McGlashan and Bardenstein 1990; Messias et al. 2001;
Oosthuizen et al. 2002).
The prognostic significance of depressive symptoms
in patients with schizophrenia depends in part on the timing of the symptoms (Siris 1991). Some (Hafner et al.
1999; Oosthuizen et al. 2002) but not all (Baynes et al.
2000) investigators have found that depressive symptoms
in the early phase of the disorder predict lower levels of
negative symptoms later. Moreover, depression during
psychosis predicts good outcome (Emsley et al. 1999; McGlashan and Carpenter 1976; Oosthuizen et al. 2002),
whereas depression during remission of psychosis predicts
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poor outcome (Bartels and Drake 1988; Mandel et al.
1982; Siris 1991). Depression over the course of chronic
schizophrenia is associated with a risk of relapse of psychosis (Mandel et al. 1982), readmission (Shepherd et al.
1989), worse functioning (Jin et al. 2001), lower quality of
life (Delahanty et al. 2001), and suicide (Drake et al. 1986),
and relatives report more distress over this symptom cluster than over others (Boye et al. 2001).

DETECTION AND MANAGEMENT
Patients with schizophrenia may experience a variety of
depressive states, ranging from symptoms to syndromes
that must be distinguished from the negative symptoms of
schizophrenia and from medication-induced side effects.
Determining the temporal appearance, duration, quality,
and severity of depressive symptoms is necessary for diagnosis and formulation of an appropriate treatment plan.
Assessment of co-occurring substance use disorder (Scheller-Gilkey et al. 2002) and family history of depressive disorders (Subotnik et al. 1997), which are more common in
patients with co-occurring depressive syndromes, also
may be helpful in this process. Depressive syndromes tend
to be underidentified in patients with schizophrenia, especially in African American patients (Delahanty et al. 2001;
Elk et al. 1986).
Symptoms of depression are common during exacerbations of psychosis (Baynes et al. 2000; Hafner et al.
1999; Jin et al. 2001; Oosthuizen et al. 2002) and usually
improve as the psychosis remits (Birchwood et al. 2000;
Hafner et al. 1999; Koreen et al. 1993; Tollefson et al.
1999). Postpsychotic depression classically emerges after
the resolution of psychotic symptoms and is most common after the first episode of schizophrenia (Birchwood et
al. 2000; Koreen et al. 1993). In patients with schizoaffective disorder, depressed type, symptoms of depression are
present concurrently with psychosis for a substantial proportion of the total duration of the psychotic illness.
Other clinically significant depressive phenomena,
such as dysphoria and demoralization, occur frequently
in patients with schizophrenia (Iqbal et al. 2000; Siris
2000a). Dysphoria, which includes symptoms of depression and anxiety, may occur at any point in the illness and seems to be associated with psychosocial stress
(C. C. Schwartz and Myers 1977) and positive symptoms
(Lysaker et al. 1995). Demoralization, which occurs as patients struggle with their illness and its effect on their
functioning (Siris 2000a), seems to be associated with high
performance expectations and better insight into the illness, as well as with hopelessness, low self-esteem, and
suicidal thoughts (Bartels and Drake 1988). Classic vegetative symptoms of depression may not be present in pa-

tients with demoralization and dysphoria (Bartels and Drake
1988). Some patients develop a sense of hopelessness,
helplessness, and external locus of control, phenomena
that Hoffman and colleagues (2000) found to be more
powerful predictors of poor outcome in rehabilitation than
depressive symptoms per se.
Symptoms of depression in patients with schizophrenia can be mistaken for negative symptoms, including affective flattening, alogia, avolition, apathy, anhedonia,
and asociality (Birchwood et al. 2000; Sax et al. 1996; Siris
2000a), or for medication side effects, such as sedation,
akinesia, and other extrapyramidal symptoms, particularly
parkinsonism (Norman et al. 1998; Siris 1987). Although
some authors suggest that depression may overlap with or
worsen negative symptoms (Brebion et al. 2000; Siris et al.
1988), others suggest that no relation exists (Barnes et al.
1989; Baynes et al. 2000; Bottlender et al. 2000; Zisook et
al. 1999) or that depressive symptoms early in the course
of illness predict lower levels of negative symptoms later
(Hafner et al. 1999; Oosthuizen et al. 2002). Key features
of depression that distinguish it from negative symptoms
include the presence of depressed mood, nondelusional
guilt, and neurovegetative symptoms. By contrast, flat affect and anhedonic indifference without mood changes
are more characteristic of negative symptoms than depression (Herbener and Harrow 2002; McGlashan and
Carpenter 1976). Cognitive impairment, another relatively independent aspect of schizophrenia (Tamminga et
al. 1998), has been shown to correlate with depressive symptoms and syndromes (Brebion et al. 1997, 2000; Holthausen et al. 1999).
Second-generation antipsychotic medications, now
often considered the first line of treatment for schizophrenia psychosis, may improve depressive symptoms related
to acute psychosis (Siris 2000a). Although published clinical trials of second-generation antipsychotics were not
designed to assess the effect of antipsychotics on major
depression in patients with schizophrenia, they have reported reductions in affective subscores derived from
broad symptom measures, such as the Brief Psychiatric
Rating Scale (BPRS). Five of these studies suggested that
second-generation antipsychotics may be more effective
than first-generation agents in treating acutely psychotic
patients with schizophrenia and depression symptoms
(Azorin 1995; Banov et al. 1994; Emsley et al. 2003; Marder
et al. 1997; Tollefson et al. 1998). Additionally, Tollefson
and colleagues (1997) reported that people taking olanzapine experienced greater reductions in a depression measure than did people taking haloperidol. By contrast, several studies reported that risperidone treatment does not
improve symptoms of depression more than haloperidol
(Moller et al. 1995; Peuskens 1995), and one study reported
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that haloperidol treatment results in more improvement
than risperidone (Ceskova and Cvesta 1993).
The results of controlled studies of the adjunctive use
of antidepressant medications with antipsychotics have
been mixed: 9 of 17 studies reported improvement compared with placebo or a comparison medication, and 8
showed no advantage of adding an antidepressant to the
medication treatment (D. Addington et al. 2002; Becker
1983; Dufresne et al. 1988; Hogarty et al. 1995; Johnson
1981; Kirli and Caliskan 1998; Kramer et al. 1989;
Kurland and Nagaraju 1981; Mulholland et al. 2000;
Muller-Siecheneder et al. 1998; Prusoff et al. 1979; Singh
et al. 1978; Siris et al. 1987, 1989a, 1992; Vlokh et al.
2000; Waehrens and Gerlach 1980). Unfortunately, many
of the studies of the addition of an antidepressant (e.g., tricyclic antidepressants, serotonin reuptake inhibitors, or
bupropion) to the antipsychotic treatment regimen to treat
depression in schizophrenia were limited by small sample
size and consequently had low power.
Psychosocial interventions are effective for the treatment of depression in the general population but have not
been carefully studied in patients with schizophrenia. Interventions that may be helpful include problem-solving
training, coping skills training, cognitive therapy, exercise, family therapy, and support (Siris 1990, 2000b). For
people who are demoralized and hopeless, interventions
geared toward developing meaningful daytime activities
can be helpful (Provencher et al. 2002).
The management of depressive symptoms in patients
with schizophrenia depends on when such symptoms appear during the disorder as well as on their severity and their
persistence. Treatment may include pharmacological and
psychosocial interventions (Siris 2000b). For brief depressive reactions to stressful life events, supportive counseling
and monitoring may be effective. If symptoms persist or are
severe, further interventions should be considered. If patients are taking first-generation antipsychotic medications,
symptoms should be carefully differentiated from neurological side effects, and a trial of dose reduction or a switch to
a second-generation agent should be considered to reduce
the side effects that can mimic depression (Hogarty et al.
1995). Because depressive symptoms may herald psychotic
relapse, the patient should be monitored carefully for the
emergence or exacerbation of psychosis. If the depression is
part of a psychotic exacerbation, the antipsychotic medication should be increased or replaced with another agent in
the hope that it will be more efficacious. If depressive symptoms persist or worsen in the absence of a psychotic exacerbation, use of an antidepressant medication or a switch to a
second-generation antipsychotic medication can be considered. Clearly, further research is needed to establish effective interventions for depressive disorders in schizophrenia.
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SUICIDE
PREVALENCE AND RISK FACTORS
Suicide is the leading cause of premature death in people
with schizophrenia (Black et al. 1985; Osby et al. 2000).
Nearly 50% of patients with schizophrenia attempt suicide, and their lifetime risk of death by suicide is close to
10% (Inskip et al. 1998; Tsuang et al. 1999), a rate 10-fold
higher than in the general population (Baxter and Appleby 1999). Suicide in patients with schizophrenia has been
associated with depression, anxiety, hopelessness, and a
sense of failure (Bartels et al. 1992; Drake and Cotton
1986; Drake et al. 1985; Funahashi et al. 2000; Heila et al.
1997; Saarinen et al. 1999; Westermeyer et al. 1991).
Drake and Cotton (1986) found that patients with schizophrenia who succeeded in a suicide attempt were more
depressed and isolated than were those who did not succeed. Moreover, suicide can be a “nonpsychotic reaction
to a severe illness” (Drake et al. 1985), a notion that is supported by data showing a relation between higher levels
of awareness and increased suicide risk in these patients
(Amador et al. 1996).
One of the strongest predictors of suicide in people
with schizophrenia is a history of previous suicide attempts (Alleback et al. 1987; Burgess et al. 2000; Nordentoft et al. 2002; Rossau and Mortensen 1997; Roy
1982). As in the general population, men are at higher risk
than women (Rossau and Mortensen 1997), and patients
who attempt or commit suicide score higher on impulsivity scales (Dervaux et al. 2001). The risk of suicide is elevated for 3 months after discharge from a psychiatric hospitalization (Heila et al. 1999; Rossau and Mortensen
1997; Roy 1982), even in patients who were rated as “improved” during the hospitalization (Drake et al. 1986).
An earlier age at onset (Gupta et al. 1998) and poor
overall functioning (Kaplan and Harrow 1996) are risk
factors for suicide in patients with schizophrenia. The
early phase and active phases of the illness (Baxter and
Appleby 1999; Heila et al. 1997; Osby et al. 2000; Westermeyer et al. 1991) are times of increased risk, although
suicide can occur throughout the course of the illness
(Heila et al. 1997). Patients with prominent negative
symptoms may have a somewhat reduced risk for suicide
as compared with patients with mostly positive symptoms
(Fenton et al. 1997). Recent stressful life events or losses
are present in most cases of suicide (Funahashi et al. 2000;
Heila et al. 1999; Saarinen et al. 1999). Although substance abuse is an established risk factor for suicide in the
general population (Weiss and Hufford 1999), the evidence is mixed as to whether it is a risk factor among patients with schizophrenia (Alleback et al. 1987; Drake and
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Cotton 1986; Gupta et al. 1998; Meltzer 2002). Impulsivity is higher in persons with schizophrenia and substance
use disorder (Dervaux et al. 2001), which may account for
some reports of increased risk for suicide in persons with
comorbid schizophrenia and substance abuse (Funahashi
et al. 2000; Gut-Fayand et al. 2001).

DETECTION AND MANAGEMENT
The detection of suicidal ideation and prevention of suicide in patients with schizophrenia can be difficult, in part
because many suicide attempts are impulsive (Alleback et
al. 1987; Gut-Fayand et al. 2001), but also because patients may use highly lethal methods (Breier and Astrachan 1984; Heila et al. 1997) and give no advance disclosure (Earle et al. 1994). Opportunities to intervene do
exist, however. Most patients with schizophrenia who
commit suicide have been seen by a health care professional within 3 months prior to committing suicide (Heila
et al. 1997). Roy (1982) and colleagues reported that more
than half of the psychiatric patients who had completed
suicide had been seen the week before their suicide.
Harkavy-Friedman and Nelson (1997) suggested that
both psychosocial and biological issues should be addressed carefully when working with schizophrenic patients presenting with suicidal thoughts or behavior. Listening and responding to the patient’s reports of distress
is crucial (Cohen et al. 1990). Burgess and colleagues
(2000) pointed out that increasing the level of supervision
and support, as well as ensuring continuity of care across
systems, is essential for suicide prevention. Hospitalization can maintain safety with monitoring, structure, and
support as well as provide an opportunity for intensive
review and adjustment of psychopharmacological treatments to address symptoms of psychosis and depression.
However, because discharge from the hospital can lead to
social isolation, increased stress, and higher suicide risk
(Drake et al. 1986), follow-up treatment and supports
should be in place prior to discharge. When the patient is
discharged, engagement into treatment should be assured; intensive outreach, such as with assertive community treatment, may be required to engage patients with
schizophrenia (Burgess et al. 2000).
Adequate psychopharmacological treatment of psychosis is essential. In a study of 88 patients with schizophrenia who died by suicide, Heila et al. (1999) found that
more than half either had been prescribed inadequate
doses of antipsychotic medication or had not been compliant with treatment; and an additional 23% had been
judged nonresponsive to medication treatment. Psychoeducation and close monitoring may increase compliance
with pharmacological treatment. Studies suggest that

clozapine may decrease suicidal ideation, suicide attempts, and suicide completion in persons with schizophrenia more effectively than first-generation antipsychotic medications (Meltzer and Okayli 1995; Reid et al.
1998; Walker et al. 1997). Moreover, Meltzer and colleagues (2003) found that clozapine was more effective in
decreasing suicidality than olanzapine in a large international trial of high-risk patients.
Optimal treatment for patients with schizophrenia
who are at risk for suicide includes careful assessment of
risk factors for suicide, the use of active outreach to engage patients in treatment and reduce isolation, psychosocial rehabilitation and skills training to improve coping
skills, and effective pharmacotherapy.

ANXIETY SYMPTOMS AND DISORDERS
Anxiety symptoms and disorders are common in patients
with schizophrenia. For example, in a study of 80 consecutive inpatients with schizophrenia and schizoaffective
disorder, 44% had a diagnosis of a co-occurring anxiety
disorder (Cosoff and Hafner 1998), and in the National
Comorbidity Study, 71% of the people in the community
with schizophrenia had a co-occurring anxiety disorder
(Kendler et al. 1996a). In diagnosing a co-occurring anxiety disorder, anxiety symptoms occurring during psychotic episodes must be differentiated from paranoia, reactions to delusions, and agitation related to psychosis.
For example, Bayle and colleagues (2001) noted that panic
attacks were related to paranoid ideas in patients with the
paranoid subtype of schizophrenia. Additionally, anxiety
must be differentiated from antipsychotic medication–
induced side effects, such as akathisia, as well as other comorbid syndromes, such as substance-induced symptoms
(e.g., cocaine intoxication or alcohol withdrawal) and depressive disorders (Zisook et al. 1999). Comorbid anxiety
disorders in patients with schizophrenia tend to be underdiagnosed, and therefore undertreated, especially in
ethnic or racial minorities (Dixon et al. 2001). Female
gender, higher level of education, and marriage have been
associated with diagnosis and treatment of anxiety and depressive disorders in patients with schizophrenia (Dixon
et al. 2001).
In this section, we review the literature on panic, social
phobia, trauma and PTSD, and obsessive-compulsive
symptoms in patients with schizophrenia. Although three
studies have noted that generalized anxiety disorder occurs in up to 31% of patients with schizophrenia (Cosoff
and Hafner 1998; Kendler et al. 1996a; Tibbo et al. 2003),
very little is known about this disorder in these patients,
and it is not discussed further here.

Co-occurring Substance Use and Other Psychiatric Disorders

PANIC ATTACKS AND PANIC DISORDER
Prevalence and Outcome
Up to 45% of patients with schizophrenia experience
panic attacks (Argyle 1990; Bayle et al. 2001; Bermanzohn
et al. 2000; Bland et al. 1987; Craig et al. 2002; Goodwin
et al. 2002; Labbate et al. 1999; Moorey and Soni 1994;
Tibbo et al. 2003). Full panic disorder, with recurring
spontaneous panic attacks and associated disability, occurs
in 6%–33% of schizophrenia patients (Argyle 1990; Bermanzohn et al. 2000; Cosoff and Hafner 1998; Kendler et
al. 1996a; Labbate et al. 1999; Pallanti et al. 2004; Stratkowsky et al. 1993; Tibbo et al. 2003). The large National
Comorbidity Study found that 26% of patients with schizophrenia had panic disorder (Kendler et al. 1996a). Panic
symptoms and panic disorder can develop before, during,
or after the onset of the psychotic disorder (Bayle et al.
2001; Craig et al. 2002).
A recent report showed a relation between psychoticism and panic in adolescents, suggesting that panic could
be a part of the prodrome of schizophrenia (Goodwin et
al. 2004). Patients with schizophrenia and co-occurring
social phobia or depression also have been noted to have
panic symptoms (Bermanzohn et al. 1997; Cutler and
Siris 1991). Patients with schizophrenia and panic attacks
are more likely to be female, Caucasian, and married as
well as to have less education (Goodwin et al. 2002) compared with patients with schizophrenia who do not experience panic.
The effect of panic on the course of schizophrenia and
its relation to positive symptoms of psychosis remain
poorly understood. Panic has been associated with comorbid depression and suicidal ideation in patients with
schizophrenia (Bermanzohn et al. 2000; Cutler and Siris
1991; Goodwin et al. 2002), as in patients with primary
panic disorder in the general population (Ballenger 1998).
Anxiety and panic can be seen as a reaction to psychotic
symptoms, such as delusional fears (Bayle et al. 2001), but
research reports conflict as to whether panic is associated
with positive symptoms of psychosis (Craig et al. 2002;
Cutler and Siris 1991).

Detection and Management
Patients with schizophrenia and panic experience the full
spectrum of classic panic symptoms (Goodwin et al.
2002). Goodwin and colleagues (2002) reported that
trembling, feelings of unreality, and fear of dying are particularly prominent symptoms. Although patients with
schizophrenia and panic are more likely to seek mental
health and medical treatment than are patients with schizophrenia who do not have panic symptoms (Goodwin et al.
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2002), panic is dramatically underrecognized in these patients (Craig et al. 2002).
Cognitive-behavioral therapy (CBT) is effective for
the treatment of panic disorder in the general population
(Barlow et al. 2000) and has been modified for use in treating schizophrenia (Hofmann et al. 2000). In a small, uncontrolled pilot study of CBT for panic in patients with
schizophrenia, Arlow and colleagues (1997) attempted a
16-week CBT program, including psychoeducation, cognitive restructuring, and in vivo exposure. They found
that 73% of the patients were able to complete treatment;
of those who completed the treatment, 75% experienced
symptom improvement.
Although antipsychotic medications generally reduce
anxiety (as measured by subscales of symptom rating measures, such as the Positive and Negative Syndrome Scale
for Schizophrenia) (Marder et al. 1997), no studies have
assessed the effect of antipsychotic medications on panic
per se. Moreover, although antidepressants and benzodiazepines are effective medications for patients with primary panic disorder in the general population, no controlled studies have assessed their effectiveness for panic
disorder in patients with schizophrenia. A report of two
patients showed that panic symptoms that had not responded to antipsychotic medication did respond to imipramine augmentation of fluphenazine (Siris et al. 1989b).
In one of these patients, the symptoms recurred after
withdrawal of imipramine and then remitted once again
with reinstitution of imipramine. In addition, two small
studies showed that benzodiazepines reduced panic attacks in 10 patients with schizophrenia (Argyle 1990;
Kahn et al. 1988), and psychotic symptoms improved as
the panic improved. In 7 of the patients, the panic attacks
recurred when the benzodiazepine was withdrawn (Kahn
et al. 1988). Further research is needed to assess the effect
of panic disorder on patients with schizophrenia and the
effectiveness of treatments.

SOCIAL PHOBIA
Prevalence and Outcome
Many patients with schizophrenia have social anxiety and
resulting social dysfunction (R.L. Morrison and Bellack
1987). A full social phobia syndrome was found in 15%–
36% of small groups of patients with schizophrenia and
schizoaffective disorders (Argyle 1990; Cosoff and Hafner
1998; Pallanti et al. 2004; Tibbo et al. 2003) and in 40% of
the patients with schizophrenia in the National Comorbidity Study (Kendler et al. 1996a).
One study suggested that social phobia in patients
with schizophrenia is associated with poor outcomes: Pal-
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lanti and colleagues (2004) found that patients with comorbid social phobia had lower scores on social adjustment and quality of life, as well as more suicide attempts,
although symptoms of psychosis were not different between schizophrenia patients with and without social
phobia. Theoretically, social anxiety and avoidance could
impede participation in individual or group-based rehabilitation, but no studies have prospectively assessed the
effect of such symptoms on the course and outcome in
schizophrenia. Additionally, although impairment in social function, one of the hallmarks of schizophrenia, is
generally thought to be caused by deficits in cognitive
processes and social perception (Penn et al. 1997), research has yet to assess the relation between social anxiety,
cognition, and social perception in schizophrenia.

Detection and Management
Patients with schizophrenia and social anxiety show levels
of social fear (Penn et al. 1994) and social phobia (Pallanti
et al. 2004) similar to those in persons with primary social
phobia. However, social anxiety and fear of social situations may be confused with the avoidance and withdrawal
associated with psychotic symptoms (Pallanti et al. 2004;
Penn et al. 1994) and must be carefully delineated from
paranoia, withdrawal, and apathy. The key identifying
features of social phobia are fear of social situations in which
the individual might be scrutinized by others and avoidance of those situations or endurance of them only with
intense anxiety. Evidence of embarrassment regarding
scrutiny, rather than fear of persecution, will help identify
patients with schizophrenia and social fear.
CBT, which usually includes education, cognitive restructuring, social skills training, and gradual exposure to
feared social situations, is effective for patients with primary social phobia in the general population (Taylor
1996), but only one study thus far has tested a cognitivebehavioral group treatment program for schizophrenia
patients with social phobia (Halperin et al. 2000). The authors reported that mean scores of social anxiety and depression improved in the treatment group as compared
with the control group, suggesting that this intervention
may be promising for patients with schizophrenia. Social
skills training and other rehabilitation efforts for patients
with schizophrenia and social anxiety should incorporate
education and gradual exposure to feared social situations
(Heinssen and Glass 1990; Penn et al. 1994).
Regarding pharmacological interventions, antipsychotics alone may not always be helpful. Pallanti and colleagues (1999) described 12 patients taking clozapine
whose social phobia symptoms became clinically detectable when their psychosis remitted during clozapine treat-

ment. The same group suggested that serotonin reuptake
inhibitors, which are effective for the treatment of social
phobia in the general population (Blanco et al. 2003), may
be helpful for patients with schizophrenia and social phobia (Pallanti et al. 1999), but no controlled trials have been
completed. Further studies are needed to assess the effect
and interactions of social phobia on patients with schizophrenia, as well as to systematically test behavioral and
pharmacological treatments.

TRAUMA AND POSTTRAUMATIC STRESS DISORDER
Prevalence and Outcome
Patients with schizophrenia experience high rates of childhood and adult trauma (e.g., physical or sexual assault).
Lifetime trauma (during childhood or adulthood) is very
common, reported by 85%–98% of the patients with
schizophrenia (Gearon et al. 2003; Goodman et al. 1995,
2001; Hutchings and Dutton 1993; Jacobson and Richardson 1987; Mueser et al. 1998); approximately half
(34%–65%) of the patients with schizophrenia report
childhood physical or sexual abuse (Darves-Bornoz et al.
1995; Goodman et al. 2001; Greenfield et al. 1994; Ross
et al. 1994). Sexual assault in both childhood and adulthood in patients with schizophrenia is reported more frequently by women than by men, but total lifetime rates of
any assault do not differ between women and men (Goodman et al. 2001).
PTSD is classified in DSM-IV-TR (American Psychiatric Association 2000) as an anxiety disorder that includes
three symptom clusters: reexperiencing of the trauma,
avoidance of stimuli associated with the trauma, and persistent symptoms of hyperarousal. PTSD has been reported in 9% of the general population overall and in 20%
of women and 8% of men who have experienced trauma
(Kessler et al. 1995). Studies of patients with schizophrenia report higher rates of PTSD, ranging between 14%
and 43% (Craine et al. 1988; Fenton 2001; Frame and
Morrison 2001; Kendler et al. 1996a; Mueser et al. 1998,
2004; Neria et al. 2002), with most studies reporting a rate
between 30% and 40%. Among patients with schizophrenia who have reported a history of trauma, 27%–66%
develop PTSD (Craine et al. 1988; Gearon et al. 2003;
Mueser et al. 1998; Neria et al. 2002). More trauma experiences and childhood sexual abuse are significant predictors of the development of PTSD in this group (Gearon
et al. 2003; Mueser et al. 1998; Neria et al. 2002).
Like people in the general population, patients with
schizophrenia who have experienced trauma report more
symptoms of anxiety, depression, suicidality, and dissociation than do those who have not experienced trauma
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(Goodman and Dutton 1996; Goodman et al. 1997; Priebe
et al. 1998; Read and Argyle 1999; R.C. Schwartz and Cohen 2001). The evidence is mixed as to whether the presence or severity of PTSD symptoms worsens psychosis
(Lysaker et al. 2001a; Priebe et al. 1998; Resnick et al.
2003). However, a history of trauma and PTSD is associated with worse role function (Lysaker et al. 2001b), substance abuse (Goodman et al. 2001; Neria et al. 2002),
homelessness (Goodman et al. 2001), lower quality of life,
and less employment (Priebe et al. 1998).
Most patients with schizophrenia who have experienced one trauma report experiencing multiple traumas
(Gearon et al. 2003; Goodman et al. 1995, 2001). The effect of trauma seems to be additive in that a history of
more trauma experiences and reports of recent trauma are
associated with increased mood, anxiety, and psychotic
symptoms (Goodman et al. 1997) and an increased likelihood of PTSD (Gearon et al. 2003; Mueser et al. 1998;
Neria et al. 2002). Additionally, Swanson and colleagues
(2002) found that when they controlled for other factors,
the experience of recurrent violent victimization in combination with substance abuse and a currently violent environment accounted for 30% of the likelihood that a person with severe mental illness was recently violent.

Detection and Management
Because trauma and PTSD are so common in patients
with schizophrenia and are associated with a variety of
negative outcomes, clinicians should ask about trauma,
assess the patient for the presence of PTSD symptoms,
and address the symptoms and functional correlates of
trauma and PTSD. Despite concerns to the contrary, people with severe mental illness appear able to report trauma
and PTSD symptoms reliably (Goodman et al. 1999). As
reviewed earlier, many patients with schizophrenia and a
trauma history also experience symptoms of anxiety,
depression, suicidality, dissociation, hostility, and somatization, as well as substance abuse and violent behavior
(Goff et al. 1991; Goodman et al. 1997; Holowka et al.
2003; Read and Argyle 1999; R.C. Schwartz and Cohen
2001; Swanson et al. 2002).
People who have been traumatized benefit from additional services, including education about trauma and its
sequelae, training and support to enhance their current
safety, and assistance to secure safe housing (Harris 2003).
Developing a therapeutic alliance with traumatized patients can be difficult because of the patient’s severity of
symptoms (including avoidance), lower self-esteem, and
overall lower ability to trust (Goodman and Dutton 1996)
and because patients may have already experienced negative responses when they previously reported their victim-

233

ization experience (Marley and Buila 1999). Clinicians
therefore should take care to be respectful and to assume
a supportive stance when discussing trauma with patients.
CBT is helpful for people with primary PTSD in the general population (Harvey et al. 2003) and is being adapted
for patients with schizophrenia (Rosenberg et al. 2001b)
but has not yet been studied. Although antidepressants
reduce PTSD symptoms (Albucher and Liberzon 2002),
these drugs have not been studied in patients with schizophrenia and co-occurring PTSD. Further research is necessary to clarify how trauma and PTSD affect the course
and treatment of schizophrenia and to assess interventions to reduce PTSD symptoms and prevent or reduce
the negative sequelae of trauma in patients with schizophrenia.

OBSESSIVE-COMPULSIVE DISORDER AND
SYMPTOMS
Prevalence and Outcome
Symptoms of OCD are common in patients with schizophrenia. Obsessive-compulsive symptoms have been documented in up to 59% of schizophrenia patients (Bland et
al. 1987; Cassano et al. 1998; Cosoff and Hafner 1998;
Craig et al. 2002; Eisen et al. 1997; Fenton and McGlashan
1986; Tibbo et al. 2000), although most contemporary
studies report obsessive-compulsive symptoms in 10%–
26% of adolescent (Fabisch et al. 2001; Nechmad et al.
2003) and adult patients with schizophrenia (Berman et al.
1995a; Cassano et al. 1998; Craig et al. 2002). Full OCD
with obsessions and compulsions not related to delusions
has been documented in 4%–24% of inpatients and outpatients with schizophrenia (Cosoff and Hafner 1998;
Craig et al. 2002; Eisen et al. 1997; Ohta et al. 2003; Pallanti et al. 2004; Poyurovsky et al. 2001), a rate clearly
higher than the general population rate of approximately
1% (Horwath and Weissman 2000). Obsessive-compulsive symptoms may precede the onset of psychosis, begin
at or after the onset of schizophrenia, or occur transiently
over time (Craig et al. 2002; Hwang and Opler 2000).
Obsessive-compulsive symptoms are important to identify because they may have prognostic significance and
may respond to specialized treatments as discussed in the
following subsection.
Although obsessions and compulsions in patients with
schizophrenia are similar to those in patients without psychosis (e.g., contamination/washing, harm/checking)
(Eisen et al. 1997; Fenton and McGlashan 1986; Ohta et
al. 2003; Poyurovsky et al. 2001), distinguishing between
delusions, preoccupations, and obsessions can be difficult
in patients with thought disorders (Eisen et al. 1997).
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Classically, delusions are described as fixed, false beliefs
that are ego-syntonic and actively embraced by the patient, whereas obsessions are ego-dystonic and recognized
as pathological intrusions (Hwang and Opler 2000). However, this distinction does not always hold true in clinical
interviews of patients with primary OCD or in patients
with psychosis. About 15% of the patients with primary
OCD have poor insight (Attiullah et al. 2000; Marazziti et
al. 2002); moreover, there appears to be a continuum of
insight in patients with schizophrenia, and for some patients, obsessions and delusions may be overlapping (Bermanzohn et al. 1997).
Several studies suggested that obsessive-compulsive
symptoms in patients with schizophrenia may be associated with poor outcomes. Patients with obsessive-compulsive symptoms tend to be more socially isolated, to be
less treatment responsive, and to have longer hospitalizations than do patients without this symptom complex
(Berman et al. 1995a; Fenton and McGlashan 1986;
Hwang et al. 2000). Moreover, research suggests an association between obsessive-compulsive symptoms and
poorer neurocognitive dysfunction in schizophrenia (Berman et al. 1998; Hwang and Opler 2000; Lysaker et al.
2000; Schmidtke et al. 1998), but research regarding
psychotic symptoms is mixed. Three studies found that
patients with schizophrenia and obsessive-compulsive
symptoms have higher levels of psychotic symptoms
(Hwang et al. 2000; Lysaker et al. 2000; Nechmad et al.
2003), whereas five studies found that patients with
schizophrenia and obsessive-compulsive symptoms have
levels of positive and negative symptoms similar to those
in patients without obsessive-compulsive symptoms (Berman et al. 1998; Craig et al. 2002; Ohta et al. 2003;
Poyurovsky et al. 1999a, 2001).
Because most studies of people with schizophrenia
and co-occurring obsessive-compulsive symptoms do not
indicate whether the obsessive-compulsive symptoms
were adequately treated, it is unclear whether the poor
prognosis, more severe symptoms, and cognitive dysfunction would persist if these patients received adequate psychopharmacological or behavioral treatments for their
obsessive-compulsive symptoms. In addition, it is unclear
whether the obsessive-compulsive symptoms are related
causally to OCD or whether they represent characteristics
of a distinct subtype of schizophrenia (Berman et al. 1999).
Craig and colleagues (2002) noted that obsessive-compulsive comorbidity is as common among patients with
schizophrenia as among patients with bipolar or depressive
disorders, suggesting that OCD could be a separate comorbid condition unrelated to schizophrenia per se.
Obsessive-compulsive symptoms in persons with
schizophrenia may have heterogeneous causes. Some au-

thors have suggested that a supersensitivity of serotonin
receptors may occur during antipsychotic treatment,
causing transient obsessive-compulsive symptoms (Baker
et al. 1992; Kopala and Honer 1994; D. Morrison et al.
1998; Poyurovsky et al. 1996, 1998), although this phenomenon has not been shown in a controlled trial (Baker
et al. 1996), and other case reports show the development
of obsessive-compulsive symptoms after abrupt clozapine
withdrawal and resolution of obsessive-compulsive symptoms with reinitiation of clozapine (Poyurovsky et al.
1998). Furthermore, several studies found that obsessivecompulsive symptoms predated psychotic symptoms in
more than half of the patients with co-occurring obsessive-compulsive symptoms and schizophrenia (Craig et al.
2002; Hwang and Opler 2000; Ohta et al. 2003). Further
research is needed to understand the cause and effect of
OCD on patients with schizophrenia.

Detection and Management
Although the types of obsessions and compulsions experienced by patients with schizophrenia are similar to those
found in classic OCD—contamination obsessions, handwashing rituals, and counting and checking compulsions
(Tibbo et al. 2000)—obsessive-compulsive symptoms are
typically underdiagnosed and undertreated (Craig et al.
2002). Most contemporary studies have reliably used the
Yale-Brown Obsessive Compulsive Scale (Goodman et al.
1989) to detect the obsessive-compulsive symptoms in
these patients.
First-generation antipsychotic medications used alone
appear to be ineffective in the treatment of obsessivecompulsive symptoms in patients with schizophrenia
(Poyurovsky et al. 2000), although serotonin reuptake inhibitors added adjunctively to first-generation antipsychotics may be effective (Berman et al. 1995b). A review
(Chang and Berman 1999) of several small (and mostly
open-label) trials that used adjunctive clomipramine,
imipramine, or fluoxetine reported that 67% of the patients showed improvement in obsessive-compulsive
symptoms with no worsening of psychosis, whereas 19%
showed worsening of psychosis. Similar results were found
in a 12-week case series of 10 patients who received fluvoxamine augmentation (Poyurovsky et al. 1999b). In a
small double-blind, crossover study comparing adjunctive
clomipramine with placebo, Berman and colleagues (1995b)
showed that clomipramine augmentation of first-generation antipsychotics was superior to placebo augmentation
for reducing obsessions and compulsions, and overall
symptoms of psychosis improved as well.
Although second-generation antipsychotic medications are used to augment serotonin reuptake inhibitors
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for treatment-refractory primary OCD in the general
population (Mohr et al. 2002; Pfanner et al. 2000), research regarding the use of second-generation antipsychotic medications alone in patients with schizophrenia
and obsessive-compulsive symptoms is limited (Fenton
2001). Although one report suggested that the secondgeneration antipsychotic risperidone may enhance treatment response (McDougle et al. 2000), other reports suggested that second-generation antipsychotic medications
occasionally increase obsessive-compulsive symptoms
(Patel et al. 1997; Strous et al. 1999a). Serotonin reuptake
inhibitors used in combination with second-generation
antipsychotics have been reported to reduce obsessivecompulsive symptoms in case reports of patients with
schizophrenia (Patel et al. 1997; Poyurovsky et al. 2003;
Strous et al. 1999b). If the addition of one serotonin reuptake inhibitor is not effective, another may be tried
(Poyurovsky et al. 2003). Because some serotonin reuptake inhibitors can increase levels of some antipsychotics in the blood as a result of a decreased rate of antipsychotic metabolism, this combination should be used
carefully. Controlled trials are needed to assess the effect
of both second-generation antipsychotic medications and
adjunctive serotonin reuptake inhibitors for obsessivecompulsive symptoms in schizophrenia.
CBT, composed of systematic exposure to obsessions
and response (compulsion) prevention, is effective for the
treatment of primary OCD in the general population (van
Balkom et al. 1998) but has not been systematically studied in patients with schizophrenia and co-occurring obsessive-compulsive symptoms. The potential value of
CBT in patients with schizophrenia may be influenced by
each individual’s level of cognitive function and insight
(Goff 1999). More research is necessary to clarify the clinical correlates, prognostic significance, and optimal treatment strategies for obsessive-compulsive symptoms and
OCD in patients with schizophrenia.

CONCLUSION
Co-occurring disorders, such as substance abuse, major
depression, and anxiety disorders, are common in patients
with schizophrenia and are associated with a more difficult course of illness. These co-occurring disorders can be
reliably identified, if clinicians look for them. Treatment
protocols for some co-occurring disorders have been
established, while for others further study will be required
to define best practice guidelines. As a general rule, however, identification of these co-occurring disorders and
integration of specific pharmacological and psychosocial
interventions for them within schizophrenia treatment
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programs will be essential if clinical outcomes for patients
with schizophrenia are to be improved.
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COGNITIVE IMPAIRMENT IN
SCHIZOPHRENIA
COGNITION AS A CORE FEATURE OF
SCHIZOPHRENIA
Cognitive impairment associated with schizophrenia is
now viewed as a potential psychopharmacological target
for treatment (Hyman and Fenton 2003). Although cognition is not a formal part of the current diagnostic criteria
for schizophrenia, DSM-IV-TR (American Psychiatric
Association 2000) includes seven references to cognitive
dysfunction in the description of the disorder. Diagnostic
and scientific experts increasingly have expressed the idea
that neurocognitive impairment is a core feature of the illness and not simply the result of the symptoms or the current treatments of schizophrenia.

PROFILE AND MAGNITUDE OF COGNITIVE
IMPAIRMENT ASSOCIATED W ITH SCHIZOPHRENIA
Severely impaired performance on cognitive tests is the
strongest evidence for the importance of cognitive deficits
in schizophrenia. In several cognitive domains, the aver-

age impairment can reach 2 standard deviations below the
healthy control mean (Harvey and Keefe 1997; Heinrichs
and Zakzanis 1998; Saykin et al. 1991). Although approximately only 27% of patients with schizophrenia (and
85% of the general population) are not rated as “impaired”
by clinical neuropsychological assessment (Palmer 1997),
these patients tend to have the highest levels of premorbid
functioning (Kremen et al. 2000) and demonstrate cognitive functioning that is considerably below what would be
expected of them based on their premorbid levels and the
education level of their parents. Recent analyses of data
from 150 patients with schizophrenia suggest that up to
98% of patients perform more poorly on cognitive tests
than would be predicted by their parents’ education level
(Keefe et al. 2005). In addition, comparisons of monozygotic twins discordant for schizophrenia suggest that
almost all affected twins perform worse than their unaffected twin on cognitive tests (Goldberg et al. 1990).
Therefore, it is likely that almost all patients with schizophrenia are functioning below the level that would be
expected in the absence of the illness.
Neurocognitive tests often assess more than one domain of functioning, and many tests do not fit neatly into
a single domain. Thus, descriptions of the profile of cognitive deficits in schizophrenia have varied across litera-
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ture reviews. The domains that are most consistently cited
as being severely impaired in schizophrenia are verbal
memory, executive functions, attention or vigilance, verbal fluency, and motor speed (Harvey and Keefe 1997).
Deficits in social cognition also appear to be severe, but
this is a relatively new area of research with fewer studies
to support this finding (Pinkham et al. 2003). The opinion
of a group of experts who served on the Neurocognition
Subcommittee for the CS project (www.matrics.ucla.edu)
is that the most important domains of cognitive deficit in
schizophrenia are working memory, attention/vigilance,
verbal learning and memory, visual learning and memory,
reasoning and problem solving, speed of processing, and
social cognition (Nuechterlein et al. 2004).
The most striking aspect of the profile of cognitive
deficits in patients with schizophrenia is that so few cognitive functions remain similar to those in healthy control
subjects (Harvey and Keefe 1997; Saykin et al. 1994). In
fact, as seen in Table 13–1, an estimate of the severity of
neurocognitive impairment in patients with schizophrenia, based on an examination of the most methodologically sound studies completed, suggests that many important cognitive functions are in the severely impaired range
(2–3 standard deviations below the normal mean) or moderately impaired range (1–2 standard deviations below the
normal mean) (Harvey and Keefe 1997). A review and metaanalysis of 204 studies shows a consistent and stable difference between patients with schizophrenia (n =7,420)
and healthy control subjects (n=5,865) in a wide range of
domains of cognitive functioning (Heinrichs and Zakzanis 1998). Examples of tests that measure the most important components of cognitive impairment in schizophrenia are reviewed briefly here.

Vigilance and Attention
Many neurocognitive tests require vigilance functions,
even if the test itself is not a measure of “pure” vigilance.
Vigilance refers to the ability to maintain attention over
time. A standard vigilance test used in many studies is the
Continuous Performance Test (CPT). The “AX” version
of the CPT (AX-CPT) requires that patients attend to a
series of letters presented one at a time on a computer
screen at a rate of one per second. Patients respond with
a button press on the computer mouse or keyboard each
time an “A” is followed by an “X.” The AX-CPT has been
shown to reveal severe vigilance impairments in patients
with schizophrenia (Cornblatt and Keilp 1994).
Impairments in vigilance can result in difficulty following social conversations and an inability to follow important instructions regarding treatment, therapy, or
work functions; simple activities such as reading or watch-

TA B L E 1 3 – 1. Cognitive impairments in
schizophrenia and their severitya
Severe impairments (2–3 standard deviations [SD]
below the meanb)
•
•
•
•
•

Serial learning
Executive functioning
Vigilance
Motor speed
Verbal fluency

Moderate impairments (1–2 SD below the mean)
•
•
•
•
•

Distractibility
Delayed recall
Visuomotor skills
Immediate memory span
Working memory

Mild impairments (0.5–1 SD below the mean)
•
•
•
•

Perceptual skills
Delayed recognition memory
Confrontation naming
Verbal and full-scale IQ

No impairment
•
•

Word recognition reading
Long-term factual memory

a

The estimated average severity scores are corrected on the basis of age
and relative education level.
b
The “mean” refers to the average level of performance of normal individuals who are similar in age and educational attainment.
Source. Reprinted from Harvey PD, Keefe RSE: “Cognitive Impairment in Schizophrenia and Implications of Atypical Neuroleptic Treatment.” CNS Spectrums 2:1–11, 1997. Used with permission.

ing television become labored or impossible. Reviews of
the literature have suggested that vigilance deficits in patients with schizophrenia are related to various aspects of
outcome, including social deficits, community functioning, and skills acquisition (Green 1996; Green et al. 2000).

Verbal Learning and Memory
The abilities involved in memory functioning include, but
are not limited to, those associated with learning new
information, retaining newly learned information over
time, and recognizing previously presented material. In
general, patients show larger deficits in learning than in
retention. The findings for recognition are more equivocal, with most studies suggesting relatively mild deficits
(Calev 1984; Saykin et al. 1991), yet large deficits also
have been reported (Mohamed et al. 1999). The tests used
to measure learning typically involve the ability to learn
lists of words or written passages. Verbal list-learning
tasks usually require the patient to listen to 12–16 words

247

Neurocognitive Impairments
then immediately recall as many of the words as possible.
Normal control subjects taking the California Verbal
Learning Test can recall approximately 8 of 16 words after
the first trial; patients with schizophrenia can recall only
about 5 (Paulsen et al. 1995). After five consecutive trials
of the same word list, most control subjects can recall at
least 13 of the words, whereas patients with schizophrenia
on average can recall only 9. Thus, patients are impaired
both in their ability to immediately recall verbal material
and in their ability to learn over time compared with control subjects. Patients are also impaired in recalling more
interesting verbal material, such as stories (Hoff et al.
1992). Much empirical evidence points to the connection
between verbal memory impairment and social deficits in
patients with schizophrenia (Green 1996).

Visual Learning and Memory
Because visual information is not as easily expressed as
verbal information, fewer tests sensitive to the deficits of
schizophrenia have been developed, and this area of cognitive function has generally been found not to be as impaired as verbal memory (Heinrichs and Zaksanis 1998).
Most tests require subjects to draw figures from memory
or to indicate which among an array of figures was previously presented.
Studies of the relationship between poor visual memory and functional outcome have yielded mixed findings.
Visual memory has been found to correlate modestly with
employment status (J.M. Gold et al. 2003), job tenure
(J.M.Gold et al. 2002), psychosocial rehabilitation success
(Mueser et al. 1991), social functioning (Dickerson et al.
1999), quality of life ratings (Buchanan et al. 1994), and
strongly with functional capacity (Twamley et al. 2003).
Other studies have reported no significant correlations
(Addington and Addington 2000; Addington et al. 1998;
Ertugrul and Ulug 2002; Velligan et al. 2000).

Reasoning and Problem Solving
Although there are many tests of reasoning and problem
solving, the most well known and most frequently used in
schizophrenia research is the Wisconsin Card Sorting Test
(WCST; Heaton 1981). In this test, patients are given a
deck of cards with various numbers of colored shapes on
them and are asked to match their cards to four “key”
cards that have shapes on them that differ by color, form,
and number. The first principle to which the subject
needs to learn to sort the cards is color. After a patient demonstrates that he has learned that is the correct sorting
principle, the principle changes to form without warning.
Repeated sorting attempts by the previously correct prin-

ciple are referred to as perseverations, and patients with
schizophrenia, as with patients with frontal lobe damage,
often make many of these errors. In fact, the very poor
performance of patients with schizophrenia on the
WCST (Goldberg et al. 1987) and the reduced activity of
the dorsolateral prefrontal cortex during performance of
this test (Weinberger et al. 1987) led to widespread pursuit of the hypothesis of frontal hypoactivation in schizophrenia. It is important to note, however, that the WCST
measures a variety of cognitive functions and is not a pure
measure of executive functions (Keefe 1995).
The rules of society and the workplace change regularly, and success in these arenas is often measured by
one’s ability to adapt to changes. Patients with schizophrenia who are impaired on measures of executive functions have difficulty adapting to the rapidly changing world
around them.

Speed of Processing
Many neurocognitive tests require subjects to process
information rapidly and can be compromised by impairments in processing speed. A standard example of this
type of task is the Digit Symbol Test of the Wechsler Adult
Intelligence Scale (Wechsler et al. 1997). Each numeral
(1–9) is associated with a different simple symbol. Subjects
are required to copy as many of the symbols associated
with the numerals as possible in 90 seconds. This nonspecific cognitive impairment has been found to correlate
with a variety of clinically important features of schizophrenia, such as daily life activities (Evans et al. 2003), job
tenure (J.M.Gold et al. 2002), and independent living status (Brekke et al. 1997). It is also sensitive to medication
side effects such as somnolence and extrapyramidal symptoms (Galletly et al. 2000).
Reduced processing speed can impair ability to keep in
step with the task-oriented jobs that are frequently held
by patients with schizophrenia. Increased response latency in social settings may hamper social relationships.

Verbal Fluency
Most cognitive assessments in treatment studies of schizophrenia have included measures of verbal fluency as a separate domain of functioning (Harvey and Keefe 2001;
Keefe et al. 1999; Meltzer and McGurk 1999). Most of
these tests measure either phonological fluency (also
referred to as letter fluency) or semantic fluency. Phonological fluency refers to a patient’s ability to produce as
many words as possible beginning with a particular letter
within, for instance, 60 seconds. Semantic fluency refers
to the ability to produce words within a particular meaning-
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based category, such as “vegetables.” Not only do schizophrenia patients produce fewer words than normal control subjects, but they often produce inappropriate examples, such as examples of fruits instead of vegetables.
Impaired verbal fluency can damage functioning in social
and vocational settings by making communication difficult and awkward.

Immediate/Working Memory
Immediate memory refers to the ability to hold a limited
amount of information “on-line” for a brief period (usually a few seconds). Repeating a string of digits (digits
forwards) is an example of immediate memory. The definition of working memory, on the other hand, is more
complex and varies across studies. Some investigators
consider working memory to be synonymous with immediate memory, whereas others believe it should require
some manipulation of the information being held on-line.
For example, repeating a series of digits in the reverse
order than they were presented (digits backward) requires
an active manipulation because the information needs to
be both held on-line and then subsequently reordered.
Patients typically show deficits on both tasks. These visual
tasks involve keeping a visuospatial stimulus, such as a dot
on a computer screen, or series of visual objects in mind
while working on a related or unrelated task (reviewed in
Keefe 2001).
Working memory has been described by various authors as a core component of the cognitive impairment in
schizophrenia (Goldman-Rakic 1994; Keefe 2001; Silver et
al. 2003) and is related to functional outcomes such as employment status (McGurk and Meltzer 2000) and job tenure (J.M.Gold et al. 2002). Much of the clinical relevance
of working memory deficits in schizophrenia comes from
strong correlations that working memory measures have
with a variety of other cognitive domains impaired in
schizophrenia, such as attention, planning, memory (reviewed in Keefe 2001), and intelligence (Baddeley 1992), as
well as the advanced understanding of the neuroanatomy
of working memory functions in human and nonhuman
primates. This neuroanatomical work has suggested that
neural circuitry that includes prefrontal cortical regions
mediates aspects of working memory functions (Callicott
et al. 1999; Goldman-Rakic 1987) and that this circuitry
may be impaired in schizophrenia (Callicott et al. 1999).

Social Cognition
Theory-of-mind skills and social perception have been
the general focus of the literature on social cognition in
schizophrenia. Theory of mind is the ability to infer another’s

intentions and/or to represent the mental states of others.
Individuals with schizophrenia perform poorly on measures of theory-of-mind abilities (Corcoran et al. 1995;
Drury et al. 1998; Sarfati et al. 1997). The evidence
regarding whether impairments in theory-of-mind skills
are independent of a general cognitive deficit is mixed
(Doody et al. 1998; Pinkham et al. 2003). Facial affect recognition and social cue perception are the two general
areas into which studies of social perception in schizophrenia can be broken down. Reviews of the literature on
facial affect recognition (Morrison et al. 1988; Penn et al.
1997) suggest that individuals with schizophrenia have
stable deficits on tests of facial affect perception compared
with healthy control subjects and psychiatric control subjects, and that perception of negative emotions and fear
may be particularly impaired (Addington and Addington
1998; Edwards et al. 2001; Gaebel and Wolwer 1992).
Tests of social cue perception use more dynamic stimuli
that require multiple sensory modalities, such as watching
videotapes of persons interacting. Patients with schizophrenia show consistent impairments on these tasks (Bell
et al. 1997; Corrigan et al. 1990). In particular, they have
more difficulty discerning other individuals’ goals and
intentions than what they are wearing or saying.
A variety of reports have described the strong relationship between cognitive function and social deficits in
schizophrenia (reviewed by Trumbetta and Meuser 2000).
Even so, there is growing evidence that social cognition is
related to social impairments in schizophrenia, even after
controlling for performance on neurocognitive tasks
(Penn et al. 1996).

SUMMARY
Experts in cognition and schizophrenia have come to a
clear consensus that cognitive impairment is a core feature of the illness. The profile of deficits is broad, severe,
and is likely present in most if not all patients. Neurocognitive impairment has clear clinical relevance because
cognitive impairment interferes with the everyday lives of
patients in various important ways, from limiting social
relationships to reducing the likelihood of employment.

NATURAL HISTORY OF
NEUROCOGNITIVE IMPAIRMENT
Evidence shows that the time course of the development
of cognitive deficits in schizophrenia patients appears to
follow a predictable pattern (Figure 13–1). Some deficits
may be present in childhood, followed by a decline in cog-
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nitive function before the first episode. The severity of
neurocognitive impairments becomes even more severe
once psychosis develops. The long-term stability of neurocognitive impairment over time is not clear, but evidence for progression in nonelderly patients is lacking.

DEFICITS IN CHILDREN AT RISK FOR SCHIZOPHRENIA
Individuals who are genetically vulnerable to schizophrenia have notable cognitive impairments (Cornblatt and
Keilp 1994), whereas individuals who are examined with
cognitive assessments before they develop schizophrenia
are found to have impairments in a variety of areas (Davidson et al. 1999). High-risk studies of children with one or
two biological parents with schizophrenia (Cornblatt et
al. 1999) have suggested that attention deficits can predict
which children will develop schizophrenia in the future.

Follow-Back Studies
Several studies have used the follow-back method, in
which adult patients with schizophrenia are identified and
then linked with their records of cognitive assessments
performed while they were children or adolescents
(Davidson et al. 1999; Fuller et al. 2002; Jones et al. 1994).
In the U.K. National Survey of Health and Development

study, data from 5,362 people indicated that children who
went on to develop schizophrenia as adults differed significantly from the general population in a wide range of
cognitive and behavioral domains (Jones et al. 1994). Low
verbal, nonverbal, and mathematics/arithmetic educational test scores at all ages assessed were significant risk
factors. Similar findings were generated from a population-based study that investigated the risk of schizophrenia in a sample of 50,000 18-year-old males conscripted
into the Swedish Army between 1969 and 1970 (David et
al. 1997). In the United States, scores from grades 4, 8,
and 11 on the Iowa Tests for 70 children who later developed schizophrenia showed no significant differences
from scores of control subjects at grades 4 and 8. However, for children who developed schizophrenia, test scores
dropped significantly between grades 8 and 11, corresponding with the onset of puberty (Fuller et al. 2002). A
small sample size and a nonrandom sample restrict the
generalizability of these results.
Several studies have used a link between the Israeli
Draft Board Registry and the National Psychiatric Hospitalization Case Registry. Israeli law requires that all
adolescents between the ages of 16–17 years undergo preinduction assessment to determine their intellectual,
medical, and psychiatric eligibility for military service. This
assessment is compulsory and is administered to the entire
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unselected population of Israeli adolescents, including individuals who will be eligible for military service as well as
those who will be excused from service based on medical,
psychiatric, or social reasons. The results suggest that
cognitive functions are significantly impaired in those
adolescents who are later hospitalized for schizophrenia. These deficits thus precede the onset of psychosis in
young people destined to develop schizophrenia, and,
along with social isolation and organizational ability,
cognitive deficits are a significant predictor of which
young people will eventually develop a psychotic disorder
(Davidson et al. 1999). One study from this series examined the cognitive performance of 44 patients with a first
episode of schizophrenia and who had previously undergone cognitive assessment as part of their registration
with the Israeli Draft Board. The stability of the deficits
in these patients suggests that most of the cognitive impairment seen occurs prior to the first psychotic episode
(Caspi et al. 2003).
These follow-back studies demonstrate consistently
that cognitive impairment precedes the onset of illness in
schizophrenia and schizoaffective illness.

Prodrome Studies
Cognitive deficits are also found in individuals who are
identified as being at “ultra-high” risk (Yung and
McGorry 1996) for schizophrenia by virtue of their family
history of schizophrenia and/or the manifestation of mild
signs and symptoms consistent with the prodromal symptoms of schizophrenia. Although several research groups
are gathering data on this question, results have only
recently begun to be reported (Brewer et al. 2003; Hawkins et al. 2004). Preliminary data also suggest that olfactory identification deficits predict which individuals at
ultra-high risk will develop schizophrenia (Brewer et al.
2003).

FIRST-EPISODE PSYCHOSIS STUDIES
Once psychosis develops, cognitive deficits are severe
(Bilder et al. 2000; DeLisi et al. 1995; Hoff et al. 1999;
Mohamed et al. 1999; Stirling et al. 2003). Patients with
a first episode of schizophrenia who have never taken
antipsychotic medication already exhibit cognitive
impairment (Brickman et al. 2004; Mohamed et al. 1999;
Saykin et al. 1994). Motor functions and language functions may be more mildly impaired before medication
treatment (Brickman et al. 2004). Initial treatment with
first-generation antipsychotic medications does little to
change these cognitive deficits (Bilder et al. 2000).

COGNITIVE CHANGES IN PATIENTS RECOVERING
FROM ACUTE EXACERBATION
Several studies have investigated the longitudinal course
of cognitive deficits in schizophrenia by repeatedly assessing cognition in samples that combine first-episode
patients and those who have had an acute exacerbation of
their symptoms. Patients recovering from an acute exacerbation of illness do not appear to demonstrate substantial changes in the severity of their cognitive impairment
despite clear improvements in symptoms with treatment
(S.Gold 1999; Hughes et al. 2003; Nopoulos et al. 1994;
Sweeney et al. 1991).

LONGITUDINAL CHANGE IN COGNITIVE FUNCTION
There are many age-related changes in cognitive functioning in the normal population, especially in motor
speed and memory functions (Moss and Albert 1988).
The magnitude of change in long-term memory and ability to access and use previously learned material is more
modest. Reading and vocabulary are tests of “old learning,” therefore baseline functioning can be estimated from
performance on these tests that show minimal agingrelated changes. The possibility of detecting cognitive
decline with aging is diminished because of floor effects
on numerous tests. The types of cognitive functions that
change with normal aging, such as new learning and
recall, attention, and processing speed, are related to the
deficits most commonly observed in schizophrenia
patients early in life. Thus, aging-related changes are likely
to affect those functions that are already severely impaired
in adults with schizophrenia (Harvey 1999). The notion
of neurodegeneration in schizophrenia has been controversial.
Evidence has been presented suggesting that schizophrenia is a neurodegenerative process, and some have
concluded that schizophrenia is progressive (Lieberman
1999). Supportive evidence for this theory derives from
the greater cognitive impairment reported in chronic patients compared with first-episode patients (Saykin et al.
1994). However, with a few notable exceptions (Bilder et
al. 1992; Davidson et al. 1995; O’Donnell et al. 1995),
cross-sectional studies generally have not found evidence
of increased cognitive impairment in association with duration of illness, and older nonelderly patients do not
manifest greater impairment than younger patients
(Goldberg et al. 1993b; Heaton and Drexler 1987; Hyde
et al. 1994; Zorrilla et al. 2000).
Definitive answers to questions regarding possible
progression of cognitive impairment in schizophrenia
must come from longitudinal studies. The available stud-
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ies, however, have a variety of methodological limitations
such as small or unrepresentative samples, no controls,
limited assessment, or relatively short follow-up periods.
One recent longitudinal study traced 111 first-episode
schizophrenia patients over 10–12 years and found that
visuospatial function, although spared in the first episode,
may deteriorate over time, whereas executive deficits do
not (Stirling et al. 2003). These longitudinal studies of
neurocognitive impairment suggest that it is a stable, enduring feature of the illness, with very little change in
chronic patients between assessment periods of up to
5 years (Heaton et al. 2001; Rund 1998).

COGNITIVE FUNCTIONING IN ELDERLY PATIENTS
There is some evidence that neurocognitive impairment
in patients with schizophrenia may worsen over time in at
least a subgroup of elderly patients with schizophrenia.
Prominent cognitive impairments resembling dementia
have been reported in older schizophrenic patients with a
lifetime of poor functional outcome (Arnold et al. 1995;
Davidson et al. 1995; Harvey et al. 1996).
On the basis of cross-sectional studies, elderly patients
with schizophrenia appear to show some decline in cognitive function toward the end of life. However, this decline
may be restricted to those patients who had an early onset
of illness followed by a lifetime of poor functioning
(Heaton et al. 1994; Hyde et al. 1994; Jeste et al. 1995;
Zorrilla et al. 2000). Some of the inconsistency of these
results may derive from the subject selection processes in
these studies. Finally, cognitive decline in some elderly
patients with schizophrenia has been found to be associated with tardive dyskinesia (Waddington and Youssef
1996) and neurological dysfunction (Goldstein and Zubin
1990).

SUMMARY
Several studies have demonstrated that neurocognitive
impairment is present in a mild form before the onset of
psychosis in young people destined to develop schizophrenia. Neurocognitive impairment is severe in patients
who have experienced their first psychotic episode, even
before antipsychotic treatment is initiated. Although
some early-phase patients may demonstrate a slight improvement in neurocognitive impairment with treatment, many patients do not improve at all. Following this
early phase, neurocognitive impairment appears to be remarkably consistent, even in the presence of positive and
negative symptom change, although few longitudinal
studies have had follow-up periods of longer than 5 years.
The course of neurocognitive impairment in elderly pa-

tients is uncertain, but some studies suggest that patients
with the most chronic courses of illness may manifest a
further, albeit gradual, cognitive decline in the latest years
of life.
Early treatment with second-generation antipsychotics potentially could improve long-term cognitive and
functional outcome and change the longitudinal course of
illness described previously. (For further discussion, see
subsection “Impact of Second-Generation Antipsychotics
on Cognition” later in this chapter.)

RELATION OF NEUROCOGNITIVE
IMPAIRMENT TO SCHIZOPHRENIA
SYMPTOMS
In this section we address the relationship between neurocognitive impairment and symptoms. If neurocognitive
deficits were the result of the symptoms of the illness,
then the deficits would disappear when the symptoms do.
However, this is usually not the case in patients with
schizophrenia. Unlike patients with psychotic bipolar illness, whose performance on cognitive tests may improve
when their psychotic symptoms remit, patients with schizophrenia do not show any change in performance when
psychosis remits (Harvey et al. 1990).

PSEUDOSPECIFICITY
The impact of first-generation antipsychotics on cognition is very weak (Blyler and Gold 2000). The recalcitrance of neurocognitive impairment in the context of
substantial symptom improvement is one of the most
compelling lines of evidence of the independence of these
symptom domains. However, recent studies investigating
second-generation antipsychotics raise an important question about the potential “pseudospecificity” of cognitive
improvement: If second-generation antipsychotics improve cognition and symptoms, is the cognitive improvement explained by the improvement in symptoms? Although substantial improvements in symptoms and mild
improvements in cognition may be found with some second-generation drugs, the correlations between these two
domains of improvement have largely been found not to
be statistically significant (Bilder et al. 2002).

CROSS-SECTIONAL STUDIES OF THE RELATION TO
SYMPTOMS OF SCHIZOPHRENIA
Neurocognitive deficits are largely separate from both the
positive and negative symptoms of the disorder. Cross-

252

THE AMERICAN PSYCHIATRIC PUBLISHING TEXTBOOK OF SCHIZOPHRENIA

sectional relationships between neurocognition and positive symptoms, particularly for hallucinations and delusions, are usually quite weak (Addington and Addington
2000; Hughes et al. 2003; Strauss 1993). Generally, the
variance shared by these variables is less than 10%. Relationships tend to be slightly stronger between neurocognition and negative or “deficit” symptoms (Addington and
Addington 2000; Buchanan et al. 1997; Hughes et al. 2003;
Tamlyn et al. 1992).

Positive Symptoms
It has been reported repeatedly that neurocognitive ability
is not strongly correlated with severity of psychotic symptoms in patients with schizophrenia (Addington et al.
1991; Bilder et al. 1985; Strauss 1993). In acute exacerbation, the severity of positive symptoms has been found to
be significantly correlated with better performance on
select domains of cognitive function. Although some
exceptions exist, such as isolated reports of significant correlations of positive symptoms with working memory
(Bressi et al. 1996; Carter et al. 1996), source monitoring
(Keefe et al. 2002), and auditory distractibility (Walker and
Lewine 1988), the overall trend is for general neurocognitive impairment not to be correlated with positive symptoms. This low correlation across various patient samples,
including first-episode (Mohamed et al. 1999), chronic
(Addington et al. 1991; Tamlyn et al. 1992), and elderly
(Davidson et al. 1995) patients, suggests that positive
symptoms are clearly not the sole cause of the cognitive
impairment found in patients with schizophrenia.
The low reliability of positive symptom assessment is
a crucial factor (Strauss 1993). The subjective report of a
psychotic patient may not reflect the true level of the patient’s psychosis. Furthermore, the exclusion of patients
who are too psychotic to be tested may serve to weaken
any potential correlation between the severity of psychosis and neurocognitive impairment. Finally, those patients
who have more intact cognitive abilities may be better
able to recall and express their internal state including detailed delusions and hallucinations. These patients would
thus receive higher scores on positive symptom rating
scales, resulting in a reduction in any potential correlation
between positive symptoms and neurocognitive impairment. Clearly, there are limitations to the assessment of
positive symptoms, and the absence of cross-sectional
correlations between positive symptoms severity and neurocognitive impairment is complex.

Negative Symptoms
Cognitive dysfunction is significantly correlated with various types of negative symptoms (Addington et al. 1991;

Cuesta et al. 1995; Morris et al. 1995; Strauss 1993; Summerfelt et al. 1991; Tamlyn et al. 1992). The greater variance shared between neurocognition and negative symptoms compared with positive symptoms may result from
measurement overlap. For instance, the neurocognitive
variable verbal fluency and the negative symptom variable
poverty of speech both measure the speed at which a
patient generates speech. A patient who generates speech
at a slow rate will do so during a test of verbal fluency as
well as in an interview during which he or she is being
rated for poverty of speech.
Empirical studies suggest that motor functions are
strongly correlated with negative symptoms (Cuesta et al.
1995; Manschreck et al. 1985), job success (McGurk et al.
2003), and outcome (Bilder et al. 1985). Deficient motor
skills are represented in both the negative symptom and
the cognitive dysfunction domain because symptoms such
as blunted affect and motor retardation are observational
measures of motor functioning (Alpert 1985; Andreasen
1989). Thus impaired motor skills in many ways lie at the
core of negative symptoms in schizophrenia.
Whether the negative symptom of reduced motivation underlies the poor performance of patients with
schizophrenia on cognitive tests is controversial. Although monetary reinforcement has been shown to improve performance on effortful cognitive tests such as the
WCST in some studies (Summerfelt et al. 1991), especially in less difficult tasks, others have not shown these
findings (Green et al. 1990). Increases in pupil size are associated with increased cognitive processing demands
(Granholm et al. 1996). Therefore, pupillary response can
measure engagement in a task. If the cognitive deficits of
schizophrenic patients were caused by lack of interest or
motivation, their pupillary response would be low throughout the period of cognitive assessment. Only during highprocessing conditions do patients have abnormal pupillary responses, suggesting they put forth a normal amount
of effort when being given cognitive tests, yet their decreased processing capacity leads them to be unable to engage in difficult tasks (Granholm et al. 1997).
On the contrary, cognitive deficits may cause reduced
motivation. Individuals with cognitive deficits are less
likely to be motivated to have goals and pursue them
(reviewed by Deci and Flaste 1996). Patients with neurocognitive impairment are likely to be met with failure if
they attempt to pursue employment, social, and even recreational avenues that require cognitive skill. Repeated
failures are likely to cause discouragement and reduced
motivation in people with schizophrenia.
In sum, a cross-sectional correlation of negative symptoms and neurocognitive impairment has been consistently
reported, but the magnitude of this relation is modest.

253

Neurocognitive Impairments

Formal Thought Disorder
Deficits in semantic memory may lie at the heart of the
cognition–thought disorder relation (Elvevag et al. 2002).
This argument has recently been supported by empirical
data suggesting that the difference between semantic fluency and phonological fluency, an indication of the severity of the impairment of the “semantic network” in schizophrenic patients, predicted the severity of their formal
thought disorder (Goldberg et al. 1998). Thus, a patient’s
ability to have verbal information available (referred to as
“semantic priming”) may be the most important cognitive
factor in formal thought disorder.

Affective Symptoms
Because many patients with schizophrenia also report depressed mood (Jin et al. 2001), if not a full depressive disorder, and because depression is associated with some
cognitive impairment (Goldberg et al. 1993a), the role of
depressed mood in neurocognitive impairment is important. Very few studies have examined this relationship
directly. Further, the distinction between depressive
symptoms and negative symptoms is sometimes difficult
for raters and clinicians to make (Goldman et al. 1992;
McKenna et al. 1989), yet factor analyses suggest that they
are separate dimensions of schizophrenia (Lindenmayer
et al. 1995; Willem Van der Does et al. 1995). Higher depression scores were significantly correlated with worse
verbal memory task performance, which remained even
after controlling for psychomotor retardation and processing speed performance (Brebion et al. 2001). Thus depression may influence the association between negative
symptoms and cognitive impairments, and it also may have
a direct deleterious effect on some aspects of neurocognitive impairment.
In conclusion, the cross-sectional correlations between neurocognitive impairment and symptoms are weaker
than might be expected and vary depending on symptom
domain. The consistency of this finding strongly supports
the idea that neurocognitive impairment is not caused by
psychosis.

LONGITUDINAL STUDIES
The relative independence of neurocognitive impairment
and symptoms in cross-sectional studies appears to be
supported by longitudinal studies. When patients with
schizophrenia are successfully treated with first-generation antipsychotics, the severity of their symptoms is
substantially reduced (Lieberman et al. 2003). However,

if neurocognitive function improves with first-generation
antipsychotic treatment, the effects are small (Blyler and
Gold 2000; DeLisi et al. 1995; S.Gold 1999; Hoff et al.
1999).
First, it is important to emphasize here that the stability of neurocognitive impairment occurs in the context of
frequent variability of the symptoms of schizophrenia, especially the positive symptoms (Bilder et al. 2000). For example, in a study of patients tested during a psychotic exacerbation and then again, 1–2 years later, when symptoms
had improved considerably, cognitive function was found
to be very stable over time (Nopoulos et al. 1994). In a
longitudinal study over a 1-year interval, cognitive and
negative symptoms were correlated at each of the assessments, but there was no predictive relationship between
these variables over time (Harvey et al. 1996). If negative
symptoms were somehow causing poor performance on
cognitive tests, a longitudinal relationship between these
variables would have been expected. Second, when the
differential relationship between cognitive and negative
symptoms and adaptive functioning deficits has been examined, cognitive impairments have been found to be
correlated more strongly with functional deficit than negative symptoms (Harvey et al. 1996, 1998). Third, in those
patients whose functional status worsens over time, changes
in cognitive impairment predict the level of change,
whereas changes in negative symptoms do not (Harvey et
al. 1998). These data suggesting a variable relationship of
symptoms and neurocognitive impairment provide yet
another line of support for the relative independence of
these domains.
Another way to investigate the longitudinal relationship between neurocognitive impairment and symptoms
is to calculate the correlation between change in neurocognitive impairment and symptom change. This approach addresses the issue of “pseudospecificity.” Several
studies have performed such analyses and although results
are mixed, the findings have generally suggested that
symptom change does not contribute substantially to cognitive change (Addington et al. 1991; Hoff et al. 1999).

IMPACT OF SECOND-GENERATION
ANTIPSYCHOTICS ON COGNITION
Patients with schizophrenia have been treated with excessive doses of conventional antipsychotic medication for
years. This treatment may have had direct adverse cognitive effects and led clinicians to use anticholinergic medications to control side effects. Lowering dosages of conventional antipsychotic medications has some modest
cognitive benefit (Seidman et al. 1993), which suggests
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that use of excessive doses may have led to some of the
failures of conventional medications to improve cognition
(Harvey et al. 2004a).
Compared with first-generation antipsychotics, second-generation antipsychotics have some cognitive benefits (Harvey and Keefe 2001; Keefe et al. 1999). This issue
is still controversial because many of the studies are methodologically limited. For instance, many comparisons of the
cognitive benefit of second-generation and first-generation
antipsychotics include excessive doses of first-generation
antipsychotic medication, which may unfairly inflate the
benefits attributable to second-generation antipsychotics
by confusing them with dose effects. Further, there is evidence that unlike first-generation antipsychotics, second-generation medications may allow patients to benefit
from practice-related improvements (Harvey et al. 2000).
However, recent studies of first-episode patients on lower
doses of first-generation antipsychotics suggest that second-generation antipsychotics have a greater cognitive
enhancing effect (Harvey et al. 2004b; Keefe et al. 2004).

SUMMARY
The literature on neurocognitive impairment demonstrates consistently that cognitive impairment is not
caused by the symptoms of schizophrenia. Most impressive is the zero-to-mild cross-sectional correlations
between neurocognitive impairment and the positive
symptoms of the illness. Whereas other aspects of schizophrenia, such as negative symptoms, appear to correlate
with neurocognitive impairment, there is as much or
more evidence supporting the idea that neurocognitive
impairment causes negative symptoms as there is evidence
that negative symptoms cause neurocognitive impairment. Although there is limited evidence of a relationship
between changes in neurocognitive impairment and
changes in symptoms over time, there is no clear evidence
that improvements in neurocognitive impairment are
caused by improvements in symptoms. In fact, most data
point to the relative independence of these two targets of
treatment in schizophrenia.

CLINICAL IMPORTANCE OF
NEUROCOGNITIVE IMPAIRMENT
CROSS-SECTIONAL CORRELATIONS
WITH FUNCTION
Although the literature suggests that neurocognitive
impairment is not strongly correlated with symptoms, it
has proven to be consistently related to a variety of other

important aspects of the illness, such as social functioning
(Liberman et al. 1986; Spaulding et al. 1986), functional
impairments, unemployment (Brekke et al. 1997; Lysaker
and Bell 1995; McGurk and Meltzer 2000; Velligan et al.
2000), quality of life (Fujii and Wylie 2003), relapse prevention (Fenton et al. 1997; Jarboe and Schwartz 1999),
medical status, and economic cost (Knapp 1997; Sevy and
Davidson 1995). Neurocognitive impairment also has
considerable power to predict functional status years later.

Relation of Neurocognitive Impairment to
Functioning
Functional outcome in schizophrenia is difficult to define
and measure. The three types of functional outcome that
most studies of neurocognitive deficits have examined are
1) community (social and occupational) outcome,
2) ability to solve simulations of interpersonal interactions, and 3) success in psychosocial rehabilitation programs. Strong support for associations between key areas
of neurocognition and functional outcome are offered by
two reviews of the literature (Green 1996; Green et al.
2000).
The connection between actual community functioning and cognition is weaker than the strong link between
laboratory measures of community functioning or skills
acquisition and cognition (Green 1996). In a 1-year follow-up study of patients with first-episode psychosis, the
size of the correlations between the number and quality of
actual social relations and various cognitive measures
were found to be in the 0.25–0.35 range (Malla et al.
2002).
Across the studies reviewed by Green and colleagues
(2000), all of the key neurocognitive constructs (secondary memory, immediate memory, vigilance, and executive
functioning/card sorting) had significant relationships to
functional outcome and effect sizes in the medium range.
Cognitive impairments are also correlated with deficits in
the performance of specific skills critical for independent
living (Evans et al. 2003; Patterson et al. 2001).

Unemployment
Several studies of cognitive performance and vocational
functioning have been conducted in rehabilitation settings (Bell and Bryson 2001; Lysaker and Bell 1995). Ratings of work behavior/performance are related to baseline
scores on verbal memory tests and the WCST. Additionally, improvement in patient work performance
in a 6-month work rehabilitation program was predicted
by baseline performance on various cognitive tests.
A number of positive findings have been reported in
studies examining correlates of competitive employment
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(Beiser et al. 1994; Brekke et al. 1997; Velligan et al. 2000).
Patients enrolled in school full-time or holding competitive employment show superior performance across measures of working memory, sustained attention, problem
solving, and episodic memory when compared with unemployed patients (McGurk and Meltzer 2000), with
scores of part-time workers falling between the other two
groups. In addition, vocational functioning is significantly
associated with performance on speed of processing tasks
such as the Trail Making Parts A and B tests (McGurk et
al. 2003).
McGurk and Meltzer (2000) evaluated the relationship of cognitive functioning and work status and concluded that neurocognitive performance plays a more important role than clinical symptoms in the ability of
patients with schizophrenia to work. The implication is
that patients with schizophrenia who have higher levels of
cognitive impairment may require greater amounts of vocational support than those with lower levels of impairment (McGurk et al. 2003).

Quality of Life
Quality of life is often defined by the quality of social, occupational, and interpersonal aspects of life and is related
to cognitive function. Some evidence suggests that reductions in quality of life are more strongly associated with
cognitive deficits than other symptomatic features of the
illness. Specifically, the relationship between subjective
experience and social functioning has been shown to be
mediated by executive functioning (Brekke et al. 2001).
Patients have less realistic impressions of their social functioning if they also have more severe executive deficits.
The need for anticholinergic treatments is also associated with reductions in quality of life. Reductions in quality of life and anticholinergic medications may be related
to the extrapyramidal side effect that triggers anticholinergic medication prescriptions. Nonetheless, anticholinergic medications reliably reduce cognitive functioning as
well. In patients with schizophrenia, anticholinergic medications impair attention and memory functions (Spohn
and Strauss 1989). These impairments can induce reductions in subjective quality of life. One study of patients
with schizophrenia that examined the relationship between
coping abilities and cognitive dysfunction suggested that
more severe executive and memory deficits are related to
decreased use of coping mechanisms (Wilder-Willis et al.
2002).
Fujii and Wylie (2003) studied the long-term effects of
neurocognition on quality of life in patients with severe
schizophrenia. They found that neurocognition does, in

fact, have long-term predictive validity for quality of life
and that therapeutics targeting neurocognition could improve quality of life in this population.

Relapse Prevention
Cognitive functions have been shown to be the strongest
predictors of patients’ ability to manage medications
(Jeste et al. 2003). Cognitive deficits contribute to patterns of medication mismanagement that are associated
with poor adherence and risk of relapse (Fenton et al.
1997; Jarboe and Schwartz 1999). In one study, memory
impairment was the best predictor of partial compliance
(Donohoe et al. 2001). Patients performing poorly in
medication management tests also had poor global scores
on a dementia inventory (Patterson et al. 2002). Decreased medication compliance in patients with schizophrenia has been shown to be related to poor performance
on tests of attention and visual memory (Jarboe and
Schwartz 1999).

Medical Comorbidity
Neurocognitive impairment is also related to medical
comorbidities in schizophrenia. Deficits in organization
(executive skills) directly affect patients’ ability to seek
treatment for medical problems. In elderly patients with
schizophrenia, cognitive and functional impairments predicted the later incidence of new-onset medical problems,
whereas medical problems did not predict the subsequent
worsening of cognitive and self-care deficits (Friedman et
al. 2002). Inability of patients with schizophrenia to
reduce damaging habits such as smoking has been correlated with deficits in memory and attention (Buchanan et
al. 1994; George et al. 2000). Thus, cognitive impairments were shown directly to effect new-onset medical
problems in older patients.

Costs
A major factor in the costs (direct and indirect) associated
with schizophrenia is cognitive impairment (Sevy and
Davidson 1995). Factors leading to the increased cost
include loss of ability for self-care, level of inpatient and
outpatient care needed, and loss of productivity (for both
patient and caretaker).
Although cognitive impairment by itself is rarely a
reason for acute hospitalization of a patient with schizophrenia, it may contribute to the overall length of hospitalization. It may lead to early admission to nursing
homes or long-term care facilities in the case of elderly
patients.
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CONCLUSION
A consensus has developed among experts in cognition
and schizophrenia that cognitive impairment is a core feature of the illness. The course of neurocognitive impairment follows a characteristic pattern and following the
early phase is consistent even when positive and negative
symptoms change. Consistent with the demonstration
that cognitive impairments are not a result of symptoms
of schizophrenia, studies show on the whole the independence of these two targets for treatment. Long-term functional and cognitive outcome as well as the longitudinal
course of the illness potentially could improve with early
treatment using second-generation antipsychotics. Functional status years later can be predicted with considerable
accuracy from the extent of neurocognitive impairments.
The relationship has been established between cognition
and many other facets of schizophrenia, from social functioning to unemployment to relapse prevention. Indeed,
improved understanding and treatment of neurocognitive
impairments in schizophrenia holds considerable promise
for the field and for the lives of patients with schizophrenia.
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In this chapter, we provide an overview of social cognition
in schizophrenia. Social cognition, which has been defined as “the human ability and capacity to perceive the
intentions and dispositions of others” (Brothers 1990,
p. 28), includes the cognitive processes involved in thoughts
about the self, others, social situations, and social interactions (Penn et al. 1997). A related definition has been
proposed by Adolphs (1999), who describes it as “the processes that subserve behavior in response to conspecifics,
and, in particular, to those higher cognitive processes subserving the extreme, diverse, and flexible social behaviors
that are seen in primates” (p. 469). These definitions characterize social cognition as being a key component of social
behavior.
Unlike nonsocial cognition (or neurocognition), which
has enjoyed a long history of investigation in schizophrenia, social cognition has only recently come to the forefront of interest, motivated in part by two factors. First,
there is growing evidence of a neural network—composed
of the prefrontal cortex, fusiform gyrus, superior temporal sulcus, and amygdala—specialized for the processing
of social information (Adolphs 1999, 2001, 2002, 2003;
Brothers 1990; Calder et al. 2001; Frith and Frith 1999;

Haxby et al. 2002; Phillips et al. 2003a, 2003b; Pinkham
et al. 2003). Second, it is increasingly realized that nonsocial cognition, although significantly associated with social functioning, still cannot explain approximately 40%–
80% in functioning (Penn et al. 1997, 2001; Pinkham et
al. 2003; Silverstein 1997) and may in fact exert an influence on social functioning via social cognition (Green et
al. 2000).
There is evidence, from work in clinical populations,
for the relative independence of social cognition from
other aspects of cognition. For example, individuals with
either frontal or prefrontal cortex damage show impaired
social behavior and functioning despite retaining intact
cognitive skills (Anderson et al. 1999; Blair and Cipolotti
2000; Fine et al. 2001). A similar dissociation between social cognition and nonsocial cognitive skills often is observed in individuals with prosopagnosia, who show selective impairments in the perceptions of faces but preserved
perception for nonsocial stimuli (Kanwisher 2000). Further evidence for the autonomy of social cognition is
gleaned from studies on individuals with Williams syndrome and individuals with autism. Individuals with Williams syndrome tend to be outgoing and social despite
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Social Cognition in Schizophrenia

Theory of Mind (ToM)

Attributional Style (AS)

Facial Affect Perception

Individuals with schizophrenia
show deficits in ToM

Individuals with schizophrenia
display:
A self-serving bias

Individuals with schizophrenia
show deficits in emotion
identification and
discrimination
Most pronounced for
negative emotions
(i.e., fear and anger)

Degree of deficit may vary by
symptom type and level of task
ToM is independent of cognitive
abilities
Majority of evidence supports a
state-dependent deficit

A personalizing bias
AS is difficult to measure:
Questions remain
regarding how to best
measure AS
Ambiguous intent is not
assessed in current
measures

Stable
Evidence for a specific deficit
is mixed

Mechanisms underlying AS
are not fully understood
ToM is related to:
Global social functioning

AS is related to:
A “need for closure”

Affect perception is related to:
General social functioning

Social skill

ToM

Quality of life

Persecutory delusions

Social skill

F I G U RE 14 – 1 .

Major domains of social cognition in schizophrenia.

having below normal intelligence (Jones et al. 2000). Also,
these individuals appear to have relatively preserved basic
social cognitive skills despite having cognitive impairments
(Tager-Flusberg et al. 1998). In contrast, individuals with
high-functioning autism and Asperger’s syndrome show
impairments in social cognition and social behavior that
are not related to general cognitive abilities (Heavey et al.
2000; Klin 2000). And even in nonclinical samples (e.g.,
scientists, mathematician) there is evidence for strengths
in cognitive domains not translating into social cognitive
domains (Baron-Cohen et al. 1999b). These findings lend
support for the hypothesis that specific neural modules
exist that are devoted to the processing of social information and that may have evolutionary significance (Fiddick
et al. 2000).
In the ensuing sections, we review three major domains of social cognition in schizophrenia (Figure 14–1):
1) theory of mind, 2) attributional style, and 3) facial affect perception, with particular emphasis on the salient
issues relevant to each domain (e.g., whether facial affect
perception impairments in schizophrenia are caused by a
specific or generalized performance deficit). We conclude

the chapter with a discussion of future research directions
in this area.

THEORY OF MIND IN SCHIZOPHRENIA
Theory of mind (ToM) refers to the ability to represent
the mental states of others and/or to make inferences
about another’s intentions. Skills that fall under the rubric
of ToM include understanding false beliefs, hints, intentions, deception, metaphor, irony, and faux pas. A common way to conceptualize ToM skills is to place them in a
hierarchical ordering of complexity. For example, false
beliefs are often referred to as being of either first- or second-order ToM. First-order ToM involves the ability to
understand that someone can hold a false belief about the
state of the world, whereas second-order ToM is the more
complex ability to understand that someone can have a
false belief about the belief of another character (Frith and
Corcoran 1996). One way of measuring first-order false
belief is with the “Sally–Anne” task. In this task, the participant is read a scenario in which one character, Sally,
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places her ball in a basket and covers it with a cloth and
then leaves the room. While she is gone, her friend Anne
moves the ball to another location without Sally knowing.
Sally then reenters the room, and the participant is asked
where Sally thinks the ball is and where she will look for
it. To answer correctly, the participant must understand
that Sally still believes that the ball is in the basket where
she left it and not in the new location. Likewise, a typical
second-order task would involve a scenario that is read to
the participants as is as follows:
Sally and Ian are at the station because Sally has to catch
a train home. Sally lives in Homesville, but the train
does not stop at the Homesville station. Sally will have
to get off at Neartown and walk. Sally goes to buy a magazine to read on her journey before she buys her ticket.
While she is gone, there is an alteration to the timetable,
and the train is now going to stop at Homesville. The
guard tells Ian about this change, and Ian sets off to find
Sally to tell her, but before Ian finds her, the guard meets
Sally and tells her, “The train will now stop at Homesville.” Ian eventually finds Sally who has just bought her
ticket. (Frith and Corcoran 1996, p. 528)

After this story is read, the participant is asked which station Ian thinks Sally has bought her ticket for, and to
answer correctly the participant must understand that Ian
falsely believes that Sally still thinks the train is not stopping at Homesville. Thus, second-order false beliefs are
higher in the hierarchy of complexity than first-order
tasks. Accordingly, increasingly subtle ToM concepts such
as hints, deception, metaphor, and irony are considered
more difficult to understand than false beliefs.
The development of ToM abilities occurs over the
course of infancy and childhood, with more difficult skills
being learned as the child ages. Within the first year, infants begin to show joint attention, a sign of mentalizing,
in which they will follow another person’s gaze and seemingly attend to the focus of that person’s attention (Frith
2001). Shortly thereafter, at approximately age 2 years, intentional gesturing and vocalization, abilities that are precursors of traditional ToM, emerge. At age 3 years children begin to incorporate mental state terms such as know,
think, and believe into their vocabulary, and at age 4 years
children acquire the ability to understand false beliefs, or
first-order ToM (Leslie 1987). Second-order ToM abilities are thought to develop between the ages of 6 and
7 years, and from ages 8–11 years the more advanced ToM
skills are obtained (Baron-Cohen et al. 1999a).
In the following section, ToM is reviewed specifically
as it relates to schizophrenia. ToM deficits that are evident
in individuals with schizophrenia are discussed as well as
how these deficits relate to general cognitive abilities, phases
of illness, and social functioning.

MIND DEFICITS
The finding that individuals with schizophrenia show impairments in ToM has been well established, and although
these impairments are seen in other clinical disorders (i.e.,
autism), they appear to be most pronounced in schizophrenia (as compared with individuals with depression and
mania) (Doody et al. 1998; Sarfati and Hardy-Bayle 1999).
Some debate remains, however, about which symptom
clusters are most related to this impairment. Corcoran
and colleagues (1995) reported that individuals with predominantly negative symptoms performed worse on a
hinting task than individuals with paranoia or delusions of
control, a finding that was replicated in a subsequent
study (Pickup and Frith 2001). Although these findings
make sense given the similarities between negative symptoms in schizophrenia and behaviors observed in autism,
other studies have contradicted these results. For example,
Sarfati and colleagues have found that individuals with disorganization have more difficulty attributing intentions
to social others than other subgroups of schizophrenia
(Sarfati and Hardy-Bayle 1999; Sarfati et al. 1997, 1999).
Similarly, Pilowsky and colleagues (2000) reported that
the greatest degree of impairment is evident not only in
individuals with disorganization but also in individuals
with paranoia.
Corcoran (2001) noted that one possible explanation
for the disparity in these findings could be differences in
the categorization of symptoms across studies; however, a
more comprehensive reconciliation is that the deficits
may vary as a function of symptom and level of ToM task.
Specifically, Corcoran and Frith (1996) proposed that individuals with both positive and negative symptoms show
difficulty with both first- and second-order ToM tasks,
whereas individuals with paranoid symptoms tend to pass
first-order ToM tasks but fail second-order tasks. One
study that drew on this hypothesis did not support the
proposed pattern per se but did support the idea of an interaction between symptom and level of task. In this study,
individuals with psychomotor poverty were more likely to
fail both first- and second-order tasks, whereas individuals
with disorganization passed first-order tasks but failed
second-order ones, and individuals with reality distortion
passed both first- and second-order tasks (Mazza et al.
2001). Thus, as of this writing, it appears that there is no
clear-cut delineation between the symptoms of schizophrenia and impairments in ToM.

COGNITIVE ABILITIES
On the whole it appears that ToM deficits are independent of cognitive functioning (see Brune 2003 for an ex-
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ception). For example, two studies that matched groups
on IQ still found ToM impairments in individuals with
schizophrenia compared with healthy and psychiatric
control subjects (Frith and Corcoran 1996; Pickup and
Frith 2001), and ability to correctly perform second-order
ToM tasks was not correlated with any of the Weschler
Adult Intelligence Scale subscale scores in a study by Drury
and colleagues (1998). Additionally, Brunet and colleagues
(2003b) have presented a very compelling argument for
the specificity of ToM impairments. They compared the
performance of individuals with schizophrenia and
healthy participants on ToM tasks and two types of control stimuli: one that involved the determination of physical causality with human characters, and one that involved physical causality without human characters. The
results indicated that individuals with schizophrenia could
successfully complete sequences of physical causality,
both with and without characters, but that they could not
complete sequences involving the attribution of intentions
or ToM. These results remained stable after controlling for
verbal IQ.
In addition to these behavioral studies, neuroimaging
research also supports the dissociation between ToM and
cognitive abilities. Numerous neuroimaging studies of
healthy individuals and individuals with autism suggest
that there are specific neural structures that subserve ToM
(reviewed in Pinkham et al. 2003). These structures, primarily the medial prefrontal cortex and to some extent the
orbitofrontal cortex (Brodmann’s areas 8 and 9), are activated in healthy individuals during ToM tasks but not during comparable non-ToM cognitive tasks. Moreover, for
participants with autism who have shown deficits in ToM,
these same areas do not activate during ToM tasks. At this
time, only a few studies have attempted to identify the
neural mechanisms of ToM in individuals with schizophrenia, and their results have been consistent with the
previous research using other populations. In one such
study, Russell and colleagues (2000) found that compared
with healthy control participants, individuals with schizophrenia showed less activation of the middle frontal cortex, including portions of Brodmann’s area 9, and made
more errors on a mental state attribution task. A similar
study also found no significant activation of the medial
prefrontal cortex in individuals with schizophrenia during
a nonverbal ToM task (Brunet et al. 2003a). Considered
together, these studies make a convincing argument for
the neural specificity of ToM in healthy populations as
well as clinical populations such as patients with schizophrenia.
Lesion studies also provide evidence for a distinction
between specific cognitive abilities and ToM. For example, in a study of individuals with damage to the prefrontal

and frontal lobes, ToM was shown to be impaired, whereas executive function remained intact—a finding that is
particularly interesting given that both ToM and executive function abilities have been localized to the prefrontal
lobes (Rowe et al. 2001; Sylvester et al. 2003; Wagner et
al. 2001). Likewise, a case study of an individual with
amygdalar damage also demonstrated impaired ToM with
intact executive functioning (Fine et al. 2001). Thus, a
strong case can be made that ToM is generally independent from general cognitive functioning and that impairments in ToM are not caused by deficits in general intellectual abilities.

A STATE OR TRAIT DEFICIT?
An important question is whether ToM deficits are dependent on the individual’s clinical state (i.e., stage of illness)
or whether they are a trait characteristic. Several studies
support the idea of a state-dependent relationship. One of
the earliest studies to address this question found that individuals who had been diagnosed with schizophrenia but
were in remission at the time of testing performed just as
well as control subjects on a hinting ToM task (Corcoran
et al. 1995)—a finding that has been replicated in multiple
studies using a variety of ToM tasks including first-and
second-order false belief tasks (Frith and Corcoran 1996;
Pickup and Frith 2001), metaphor and irony tasks (Drury
et al. 1998), and the hinting task (Corcoran 2003). One interesting addition to the “state argument” that deserves
note is the idea that ToM deficits may get “turned on”
during an acute episode and then “turned off” again when
symptoms remit. Over time, the plasticity of this process
may lessen such that individuals who have been ill for a
long time show ToM deficits consistently across a range
of symptoms (Brune 2003; Drury et al. 1998; Frith 1992;
Sarfati et al. 2000).
Evidence supporting a trait hypothesis is not as readily
available; however, a few studies do support this view.
Herold and colleagues (2002) reported that individuals in
remission were able to complete simple ToM tasks but that
their performance was impaired on more complex ToM
tasks compared with control subjects. Other studies have
found that the first-degree relatives of individuals with
schizophrenia performed worse than nonclinical control
subjects but better than their relatives with schizophrenia
on ToM tasks, which lends further support for a trait hypothesis (Janssen et al. 2003; Wykes et al. 2001).

SOCIAL FUNCTIONING
Thus far, the majority of research in this area has focused
on identifying deficits in ToM and the nature of those def-
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icits; however, a few recent studies have begun to look at
how deficits in ToM may relate to social functioning and
social outcome. Pollice and colleagues (2002) examined
several domains of functioning in individuals with schizophrenia and found that ToM ability was related to global
social functioning, even after controlling for IQ, and that
it accounted for more variance in social functioning than
cognitive factors such as verbal fluency, memory, and
executive function.
Similarly, Pinkham and colleagues reported that performance on measures of ToM was correlated with both
global and nonverbal social skill (A. E. Pinkham, D. L.
Penn, E. Keifer, et al, unpublished data) . Thus, it appears
that deficits in ToM may have an association with social
functioning, which may have implications for targeting
ToM in psychosocial treatment trials, as has been done in
autism research (Hadwin et al. 1996, 1997; Ozonoff and
Miller 1995; Swettenham 1996).
Overall, we may conclude that individuals with schizophrenia have impairments in ToM that appear to be independent from general cognitive abilities. Future work
should elucidate further the relationship between specific
symptoms and ToM deficits, and should continue to examine how deficits in ToM relate to the daily functioning
of individuals with schizophrenia.

ATTRIBUTIONAL STYLE IN
SCHIZOPHRENIA
Attributions refer to how one explains the causes for positive and negative outcomes. Much of the work on attributions, as applied to clinical populations, grew out of the
groundbreaking research by Seligman and colleagues, who
reported that individuals with depression make internal,
stable, and global attributions for negative events (Abramson et al. 1978). Thus, a depressed individual who fails an
exam will think that he or she is stupid (an internal attribution), that he or she will always fail exams (a stable attribution), and that he or she is a failure at everything (a global attribution). This type of attributional style does not
appear to be a state-dependent characteristic of depression
but is present in remitted states, leading to the hypothesis
that for some individuals, it may be a vulnerability characteristic for depression (Just et al. 2001).
In this section, we discuss attributional style and schizophrenia. The bulk of the research in this area has focused
on attributional style in individuals with paranoia or persecutory delusions; thus, this will be the focus of our review. We begin by providing an overview of the two most
common attributional biases observed in individuals with
persecutory delusions: a self-serving attributional style

and a personalizing bias. We conclude this section with a
discussion of unanswered questions in this area.

SELF-SERVING AND PERSONALIZING BIASES
Attributional style in schizophrenia has received much
attention over the past 15 years. Attributions are typically
measured via questionnaires such as the Attributional Style
Questionnaire (ASQ; Peterson et al. 1982), in which individuals are presented with hypothetical positive and negative outcomes. Such questionnaires are used to identify a
reason for that outcome and then to rate it on dimensions
corresponding to internal, stable, and global attributions.
Unlike depression, however, the internal dimension has
fostered the greatest interest in schizophrenia research.
The pioneer in attributional research in schizophrenia
has been Richard Bentall at the Universities of Liverpool
and Manchester (Bentall et al. 1994, 2001; Blackwood et
al. 2001). Bentall and colleagues observed that individuals
with paranoia or persecutory delusions (the former referring to diagnostic subtypes, the latter to symptom severity) tended to show a self-serving bias (i.e., taking credit
for successful outcomes and denying responsibility for
negative outcomes) that was, they argued, an exaggeration
of the bias seen in nonclinical control subjects (and opposite to what is typically observed in depressed individuals)
(Kaney and Bentall 1989).
However, as pointed out in a number of excellent reviews (Bentall et al. 2001; Garety and Freeman 1999), direct replication of the self-serving bias has been limited
(Candido and Romney 1990), with studies either finding
no evidence of a self-serving bias (Martin and Penn 2002;
(A.E. Pinkham, D.L. Penn, E. Keifer, et al, unpublished
data) or providing only partial support in the form of only
an external attribution for negative outcomes (rather than
the additional positive attribution for positive outcomes)
(Fear et al. 1996; Kinderman and Bentall 1997; Krstev et
al. 1999; Lyon et al. 1994; Sharp et al. 1997). On the basis
of these findings, Garety and colleagues (1999) concluded
that there is fairly strong evidence for people with persecutory delusions to attribute negative outcomes to external factors but less compelling evidence for a general selfserving bias.
The investigation of the tendency of individuals with
persecutory delusions to attribute negative outcomes to
external factors was refined with the development of the
Internal, Personal, and Situational Attributions Questionnaire (IPSAQ; Kinderman and Bentall 1996a). Unlike
the ASQ, which could only code attributions on the internality dimension as either internal or external, the IPSAQ
allows for a distinction between external “personal” attributions (i.e., causes that are attributed to other people)

266

THE AMERICAN PSYCHIATRIC PUBLISHING TEXTBOOK OF SCHIZOPHRENIA

and external “situational” attributions (i.e., causes that are
attributed to situational factors). Specifically, participants
are presented with 16 positive and 16 negative outcomes.
The participant’s task is to write down the reason for the
outcome and then to classify that reason as being caused
by him- or herself (internal), being caused by someone
else (external-personal), or being caused by something
else (external-situational). This distinction is in accord
with the clinical experience of individuals with persecutory delusions, who often explain negative outcomes (e.g.,
someone not returning a phone call right away) as being
due to malevolent intentions (e.g., that person is angry at
them) rather than to a situational context (e.g., the person
is out of town). Kinderman and Bentall (1996a) described
this style of attributing negative outcomes to others,
rather than to situations, as a “personalizing bias.”
There is growing evidence in support of a personalizing bias for individuals with persecutory delusions (reviewed in Bentall et al. 2001; Garety and Freeman 1999).
Specifically, a tendency toward a personalizing bias has
been observed in people with persecutory delusions relative to individuals with depression (Kinderman and Bentall 1997) and nonclinical control subjects (Kinderman
and Bentall 1997; Martin and Penn 2002) and may be most
pronounced in individuals with acute, rather than remitted, symptoms (Randall et al. 2003). This tendency to
blame others likely increases negative affect, defensiveness, avoidance, and possibly aggressive behaviors.

UNANSWERED QUESTIONS
The study of attributional style has yielded some interesting data about people with schizophrenia, namely, that attributions may be best understood within symptom rather
than diagnostic category models and that people with persecutory delusions have a tendency to blame others, rather
than situations, for negative outcomes. There remain,
however, a number of unanswered questions that plague
this area of research. First and foremost is how to measure
attributions in this clinical population. Current measures
of attributional style have been criticized as having poor
psychometric properties (e.g., ASQ) or, because of being
composed of hypothetical scenarios, as having questionable external validity (e.g., IPSAQ) (Bentall et al. 2001;
Garety and Freeman 1999). These limitations have led
some to argue that a more valid method of assessing attributions is to code them in the context of natural discourse
rather than with paper-and-pencil questionnaires (Bentall
et al. 2001).
In addition, extant measures of attributional style in
schizophrenia research do not make a distinction among
negative outcomes that vary in degree of intentionality.

For example, most people would agree that the following
scenario involves a negative outcome in which the intent
is clear: “A person jumps ahead of you on a grocery line
and says, ‘I’m in a rush.’ ” However, what would be the intent in the following situation? “You walk past a group of
teenagers, and as you pass by you hear them laugh.” One
could argue that it is in the latter type of situation, in
which the intent is ambiguous, that is particularly problematic for individuals with persecutory delusions, and research conducted with children with conduct disorders
confirms this assertion. Aggressive children and adolescents are more likely to show a tendency to attribute negative outcomes to others (or what is also called a “hostile
attribution bias”) relative to control subjects in those situations that are most ambiguous with respect to intention
(Crick and Dodge 1994; Dodge and Pettit 2003). Similar
findings have linked a hostile attributional bias for ambiguous situations to aggressive behavior in adults (Epps and
Kendall 1995), particularly with marital violence (Eckhardt et al. 1998), aggressive driving (Matthews and Norris 2002), and workplace aggression (Homant and Kennedy 2003). Thus, the current measures of attributional
style in schizophrenia may be limited in their ability to
evaluate attributions across situations that vary in intent
(rather than just varying in outcome).
A final concern in the measurement of attributions in
schizophrenia is which attributions to code: those that the
participant generates or those that he or she subsequently
rates? For example, the IPSAQ requires participants to
generate causes to hypothetical outcomes and then to categorize that cause as internal, external-personal, or external-other. Early research using the IPSAQ focused on the
responses that the participants categorized (Kinderman
and Bentall 1996a, 1997). However, more recent work has
found support for personalizing biases only when independent raters code participants’ responses (Martin and
Penn 2002; Randall et al. 2003), leading to the question of
which response is the most valid index of attributions.
Perhaps the most pressing unanswered question in
this area is the mechanism by which persecutory beliefs
lead to attributional biases. An early model proposed by
Bentall and colleagues (1994) argued that a self-serving
attributional style had the function of protecting the individual with persecutory delusions from low self-esteem.
Evidence in support of this model was garnered from research showing that individuals with persecutory delusions had an attributional style similar to that of depressed
subjects when presented with an “opaque” attributional
task (i.e., one that was presented as a memory task) (Lyon
et al. 1994) but had an attributional style similar to nonclinical control subjects (i.e., a self-serving bias) on overt
attributional tasks, suggesting the presence of an underly-
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ing negative self-concept, and a discrepancy between “covert” and “overt” self-esteem. This intriguing model has
been challenged on two fronts, however. First, evidence in
support of a “covert negative self-concept” was not replicated in subsequent studies (Krstev et al. 1999; Martin and
Penn 2002; Peters et al. 1997). Second, the bulk of research has not found consistent patterns of discrepancies
between overt and covert self-esteem in individuals with
persecutory delusions, leading Garety and Freeman (1999)
to conclude, “In view of this, one cannot conclude that
there is yet strong empirical support for the persecutory
delusions as defence theory” (p. 146).
Bentall and colleagues have subsequently revised the
model in light of self-discrepancy theory (Higgins 1987).
According to this theory, discrepancies may exist between
one’s actual self (i.e., attributes they believe they possess),
one’s ideal self (i.e., attributes they would like to possess),
and one’s “ought” self (i.e., attributes they believe they
ought to have). In addition, Higgins posits that views of the
self can be further broken down into two categories:
1) one’s own view of the self and 2) one’s view of how others
view one. Discrepancies between aspects of the self (e.g.,
actual self vs. ought self) or from different views on the self
(i.e., one’s own view vs. how one thinks others view oneself)
can have an impact on emotions. For example, depressivetype experiences may arise from discrepancies between actual versus ideal selves, whereas anxious type symptoms
arise from discrepancies between actual versus ought selves.
Kinderman and Bentall (1996b) hypothesize that negative life events (e.g., negative evaluations by others) trigger a negative self-concept by creating discrepancies between an individual’s perceptions of actual self and ideal
self. Persecutory delusions function to reduce these discrepancies through an exaggeration of the self-serving bias
found in normal populations (i.e., attributing negative
outcomes to the actions of others and positive outcomes
to one’s own actions). Kinderman and Bentall (2000)
point out that such a style reduces self-ideal discrepancies
at the cost of increasing negative perceptions of others
(i.e., a personalizing bias). Evidence in support of this
model has been observed in nonclinical samples, whereby
external attributions for negative events may reduce actual versus ideal-self discrepancies. And, in clinical samples, individuals with persecutory delusions relative to
both clinical and nonclinical control subjects show consistent actual versus ideal-self views but discrepant actual
versus ought views from others (namely, their parents)
(Kinderman and Bentall 1996b). According to Bentall and
colleagues (2001), this pattern is consistent with their
model that predicts consistent actual versus ideal-self
views at expense of attributing negative views to others.
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This model is being further refined in light of Garety
and Freeman’s (1999) critique of the inconsistent findings
regarding self-esteem and persecutory delusions, and the
concern that attributions may be more of a state, than trait,
characteristic (Bentall et al. 2001).
This concern has led Bentall and colleagues to consider why external-personal attributions are not corrected, even if they are made to reduce self-discrepancies.
It has been demonstrated in nonclinical control subjects
that when forming impressions of others, people automatically make dispositional judgments and only subsequently “correct” for situational factors (Gilbert et al.
1988; although see Penn et al. 2002 for a failure to replicate). For example, if you meet someone and they are not
friendly, you might infer that they are a rude person.
However, if you subsequently learn that that person had
just received bad news (e.g., someone in their family had
died), you would correct that impression in light of that
social context.
Bentall and colleagues hypothesize that two factors
may prevent people with persecutory delusions from correcting for situational information (or in considering social context). First, individuals with persecutory beliefs
may have a greater need for “closure” (i.e., a desire to get
a specific answer on a topic or issue, rather than dealing
with ambiguity), a hypothesis with some preliminary support in samples with both nonclinical (Colbert and Peters
2002) and clinical levels of delusional ideation (Bentall
and Swarbrick 2003). Second, individuals with persecutory delusions may be ignoring not only social context but
also the “mental” context of others; in other words, impairments in theory of mind may contribute to personalizing biases. For example, if one of your co-workers does
not return an e-mail, you might immediately infer that
she is angry with you. However, if you have adequate theory of mind skills, you could use your knowledge of her
character (based on previous experience) and conclude,
“She has been complaining about how busy she is, so I
wonder whether she is feeling overwhelmed and unable to
get to all of her e-mail messages.” This suggests that intact
theory of mind skills will provide additional contextual information for the individual to consider when making attributions. Recent evidence from nonclinical (Kinderman
et al. 1998; Taylor and Kinderman 2002) and clinical samples (Randall et al. 2003) supports the association between
deficits in theory of mind and the tendency to make external-personal attributions. Thus, taken as a whole, these
findings suggest that further examination of the relationship among need for closure, theory of mind, and attributions may yield insight into the mechanisms underlying
attributional style and persecutory delusions.
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FACIAL AFFECT RECOGNITION
One important component of social cognition that has
been widely studied in schizophrenia is the ability to recognize affect in the faces of others. It has been relatively
well established in the literature that individuals with
schizophrenia generally show deficits in both identification and discrimination of facial affect. The many studies
in this area have been reviewed previously (Edwards et al.
2002; Mandal et al. 1998; Pinkham et al. 2003). However,
several questions have arisen that include the specificity of
the deficit in terms of schizophrenia, the emotional valence
of the deficit, the stability of the deficit, and the nature of
the deficit, namely, whether the impairment is specific to
emotions or due to generalized poor performance. Further, because social cognition has been implicated in the
relationship between social and cognitive functioning, the
relationship of facial affect recognition with both social
and cognitive functioning needs to be addressed.

IS THE DEFICIT SPECIFIC TO SCHIZOPHRENIA?
Some studies have shown that individuals with schizophrenia perform more poorly than nonpatient and psychiatric
control subjects on tests of facial affect recognition (Mandal 1986; Morrison et al. 1988; Muzekari and Bates 1977;
Walker et al. 1980). However, the evidence is somewhat
mixed. Some studies have demonstrated an advantage for
those with depression compared with those with schizophrenia in facial affect recognition tasks (e.g., Gaebel and
Wolwer 1992; Gessler et al. 1989); others have demonstrated that although schizophrenia subjects perform more
poorly than nonpsychiatric control subjects, there is no
difference between those with schizophrenia and those
with depression (e.g., Schneider et al. 1995).
Addington and Addington (1998) reported that individuals with schizophrenia performed significantly worse
on facial affect recognition tasks than individuals with bipolar disorder and nonclinical control subjects. In this
study, even though individuals with bipolar disorder were
impaired on a discrimination task as compared with control subjects, individuals with schizophrenia still performed significantly worse than the bipolar group. One
study that has examined facial affect recognition in firstepisode subjects found that schizophrenia spectrum–disordered patients performed more poorly than affective
psychosis patients and normal control subjects on the fear
and sadness subscales of two emotional labeling tasks (Edwards et al. 2001). Using both a videotaped test and still
photographs, Bellack and colleagues (1996) did not find
any differences between subjects with schizophrenia and

subjects with bipolar disorder on facial affect recognition.
Differences between the schizophrenia group and control
subjects were noted on the nonemotional perceptual
tasks. Finally, in a recent study, Bolte and Poustka (2003)
found that individuals with schizophrenia performed better than individuals with autism on a facial recognition
test. Overall, these findings suggest that although individuals with schizophrenia are impaired in facial affect recognition relative to nonclinical control subjects, performance deficits compared with clinical control subjects are
less consistently shown.

DOES THE DEFICIT OCCUR W ITH ALL EMOTIONS?
Further research suggests that difficulties in affect recognition are a function of the kinds of emotions subjects are
identifying. Subjects with schizophrenia appear to have
more difficulty when the tasks involve the identification
or discrimination of negative emotions (e.g., fear, anger)
compared with more positive emotions such as happiness
(Borod et al. 1993). In a study focusing on first-episode
patients, Edwards and colleagues (2001) reported small
but significant deficits in the recognition of fearful and sad
emotions when compared with subjects with affective psychosis and healthy control subjects. In a recent study, individuals with schizophrenia showed an overall deficit in
facial affect recognition when compared with control subjects, including increased impairment in the recognition
of fear and disgust (Kohler et al. 2003). Further, of particular note in this study, the schizophrenia subjects tended
to misattribute neutral features as negative. Thus, although
studies are few, results are consistent that individuals with
schizophrenia have more difficulty recognizing negative
emotions, in particular fear and anger.

IS THE DEFICIT STABLE OVER T IME?
A number of cross-sectional studies have demonstrated a
decrease in affect recognition deficits during remission
(Gaebel and Wolwer 1992; Gessler et al. 1989). Penn and
colleagues (2000) found that acutely ill individuals with
schizophrenia perform worse than chronically ill yet stable
inpatients on emotion perception tasks. The few longitudinal studies examining the stability of these deficits suggest
that such deficits tend to remain. In the Addington and
Addington (1998) study, despite a highly significant
improvement in positive and negative symptoms from the
time of hospitalization to the 3-month follow-up period,
there was no improvement on either of the measures of
facial affect recognition, suggesting that deficits on these
facial affect recognition tasks are stable deficits that do not
improve with an improvement in symptoms. This finding
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supports and improves on the results of Gaebel and Wolwer (1992) and Streit and colleagues (1997), whose followup periods were only 4 weeks. In a more recent study, the
longitudinal stability (1 year) of deficits in facial affect recognition has been supported (Kee et al. 2003).

IS THE DEFICIT A RESULT OF A SPECIFIC OR
GENERALIZED IMPAIRMENT?
One question that arises is whether these deficits in affect
recognition are the result of a specific impairment in facial
affect recognition or whether this deficit is related to a
general impairment. Many of the studies we have reviewed did not involve the use of a differential design,
which makes it unclear if the poor performance reflected
a specific or a generalized impairment (Chapman and
Chapman 1978). Implementation of a differential deficit
design involves the inclusion of a control task that is
matched for difficulty with the facial affect recognition
task (Chapman and Chapman 1978). Results of using a
differential design have been mixed.
A few studies have supported a differential deficit
(Heimberg et al. 1992; Walker et al. 1984). Others have
shown that, although schizophrenia subjects performed
more poorly than control subjects on facial affect recognition tasks, they also performed more poorly on a control
task, usually a facial recognition task (Addington and Addington 1998; Feinberg et al. 1986; Gessler et al. 1989;
Kerr and Neale 1993; Mueser et al. 1996; Novic et al.
1984; Salem et al. 1996).
This finding suggests that facial affect impairment is
more likely to be a generalized impairment rather than a
specific impairment in facial affect recognition. Interestingly, a review by Penn and colleagues (1997) suggests
otherwise. For example, in the Feinberg and colleagues
(1986) and Novic and colleagues (1984) studies, support
for the generalized deficit was weak. One contributing
factor to this unclear picture of differential performance
deficits is the nature of the “control” task, which typically
is a face perception test. Thus, although this type of task
controls for the affective quality of the stimulus, it is also
a social stimulus, thus limiting the conclusions that can be
made about a specific versus generalized deficit in social
cognition proper. In an attempt to address this issue, Penn
and colleagues (2000) reported contrasting results between patients experiencing an acute episode and patients
with a more chronic course who were in extended care.
The acutely ill group showed significant deficits in facial
affect recognition after controlling for performance on
social and nonsocial perception tasks. However, those in
chronic care demonstrated deficits on control tasks as

well. Thus, facial affect recognition deficits might not
necessarily result from generalized poor performance.
Further work that uses a differential deficit design, which
must include both social and nonsocial perception tasks,
is clearly warranted to further our understanding of the
deficit’s specificity.

RELATIONSHIP AMONG FACIAL AFFECT
RECOGNITION, NEUROCOGNITION, AND
SOCIAL FUNCTIONING
In addition to impaired social cognition, it is well established that individuals with schizophrenia have impairments in social and neurocognitive functioning. Further,
work has been conducted that attemps to establish a link
between social and neurocognitive functioning (Addington and Addington 1999, 2000; Green 1996; Penn et al.
1996). Thus, social cognition may have direct relevance
for social functioning, as it has been implicated in the relationship between social and cognitive functioning.
An important question is whether deficits on a facial
affect recognition task are associated with deficits on tasks
that demand selective attention, sustained attention, and
perceptual load in relation to nonsocially relevant stimuli.
Addington and Addington (1997) reported an association
with impaired visual attention for those with schizophrenia, a partial association for those with bipolar disorder,
and no association in the normal control group. It is likely
that in the normal control group the facial perceptual
tasks and the cognitive tasks are tapping distinct constructs,
whereas in the schizophrenia group deficits may be revealing a unitary process of impairment rather than distinct impairments. This suggests that deficits in emotion
recognition may be related to a more generalized impairment in processing complex visual stimuli that requires a
high processing load. In other studies that addressed this
issue, associations have been reported between facial affect recognition and memory, abstract thinking, language
processing, and attention (Bryson et al. 1997; Kee et al.
1998; Sachs et al. 2004; Schneider et al. 1995; Silver and
Shlomo 2001; Silver et al. 2002).
Several studies have demonstrated that facial affect
recognition is significantly related to various aspects of
social functioning, such as social skill, general social functioning, and quality of life (see Hooker and Park 2002;
Ihnen et al. 1998; Kee et al. 2003; Mueser et al. 1996;
Penn et al. 1996). This finding suggests that social cognition has functional significance for individuals with
schizophrenia.
Only one study to date has attempted to examine the
role of facial affect recognition as a potential mediator be-
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tween cognitive and social functioning (Addington and
Addington 2003). In this study, 50 first-episode subjects
were compared with 59 subjects with a chronic course of
schizophrenia and 55 nonpsychiatric control subjects over
a 1-year period. On measures of facial affect recognition,
a range of cognitive tasks, and social functioning measures, control subjects performed significantly better than
the two patient groups. Further, there were significant associations among all three domains. However, using the
mediational model of Baron and Kenny (1986), researchers found that facial affect recognition did not appear to
mediate between cognitive and social functioning. Rather,
it appeared to be a deficit that had a robust association
with variables that predict poor outcome. Thus, this preliminary evidence suggests that facial affect recognition,
although related to cognitive and social functioning, may
be a distinct construct.

SUMMARY AND UNANSWERED QUESTIONS
Individuals with schizophrenia, both in the early and more
chronic stages of the illness, show deficits in facial affect
recognition. This impairment seems to be relatively stable
over time, with most difficulty occurring with the recognition of negative emotions. Because of methodological
problems and psychometric limitations, it has not been
possible to draw conclusions about the specificity of these
deficits to schizophrenia or about whether these impairments reflect generalized poor performance. Finally, it is
clear that facial affect recognition is related to both neurocognition and social functioning, suggesting that it
might have a role in the development of comprehensive
psychosocial interventions.
A number of unanswered questions remain. First,
given the heterogeneity of schizophrenia, it is important
to determine whether specific symptoms relate, or contribute, to facial recognition deficits. For example, there
is some evidence that individuals with persecutory delusions or paranoia perform better on facial recognition
tasks relative to nonparanoid individuals with schizophrenia (Kline et al. 1992; Lewis and Garver 1995), particularly for naturalistic, rather than posed, emotions (Davis
and Gibson 2000). Conversely, negative symptoms or the
deficit syndrome may impair emotion perception (Bryson
et al. 1998; Mueser et al. 1996; for exceptions, see Silver
and Shlomo 2001; Streit et al. 1997). This finding suggests
that a finer-grained analysis of facial affect recognition in
schizophrenia may be obtained by forming symptom subgroups of individuals. Second, we still know little about
the mechanisms underlying performance deficits in this
social cognitive area, other than their association with
neurocognition and illness phase. One promising area is

that of visual scanning, because individuals with schizophrenia show “restricted” scan paths relative to control
subjects (Loughland et al. 2002; Streit et al. 1997), These
restrictions may be most pronounced for individuals with
persecutory delusions, who tend to look at nonthreatening and less essential features of scenes relative to control
subjects (Phillips and David 1998; Phillips et al. 2000).
Thus, how individuals acquire social information may
lend insight into why they have difficulty in perceiving the
emotions in others.

CONCLUSION
In this review, we have explored three key domains of social cognition in schizophrenia: theory of mind, attributional style, and facial affect recognition. Overall, it
appears that individuals with schizophrenia display impairments in each of these domains and that these deficits
in social cognition are in fact related to behavior. These
findings, however, are just a start, and there is still a great
deal of work that is needed before a more complete understanding of the role of social cognition in schizophrenia can be gained.
One question that needs to be addressed is the exact
nature of the deficits presented here. The evidence provided in this review implies that there may be a generalized deficit in social cognition and that individuals with
schizophrenia would perform poorly on any social cognitive task. This, however, may not be the case. Some of our
own work suggests that individuals within the first 5 years
of their illness can be impaired in one domain and not in
another (i.e., social knowledge, but not theory of mind)
and that deficits may be present on some measures of
emotion perception but not others (i.e., the Bell Lysaker
Emotion Recognition Task, but not the Facial Emotion
Identification Task) (A. E. Pinkham, D. L. Penn, E. Keifer,
et al, unpublished data). At this point, relatively few studies have simultaneously assessed multiple domains of social cognition to address this question.
Finally, there has been little direct work exploring the
neural network that may subserve social cognition specifically in schizophrenia. A large body of literature addresses
this issue in healthy individuals; however, this work has
yet to be widely extended to schizophrenia despite compelling evidence that neural abnormalities in a specific social cognitive network may underlie social cognitive deficits (Pinkham et al. 2003). Such work may not only inform
our understanding of abnormalities at the level of brainbehavior interactions but also shed light on the variability
of social cognitive deficits between individuals and disorders.
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Problems with social relationships and role functioning,
such as going to school or working, typically precede the
onset of schizophrenia and continue throughout much of
an affected person’s life. In addition to psychotic symptoms that are hallmarks of schizophrenia, impaired social
and vocational functioning are required for the diagnosis
of schizophrenia according to both DSM-IV-TR (American Psychiatric Association 2000) and ICD-10 (World
Health Organization 1992) classification systems. Thus,
by definition, problems in social and vocational functioning are a critical feature of schizophrenia.
In this chapter, we summarize what is known about the
nature of social and vocational impairment in schizophrenia and treatment strategies for improving functioning in
these areas. We begin with a brief description of the onset
and course of social and vocational dysfunction in schizophrenia. Although problems in social and vocational functioning are associated with each other, the strength of these
associations is modest at best. In addition, rehabilitation
strategies for addressing social and vocational functioning
differ. Therefore, we describe the nature of social and vocational impairments and their treatment in separate sections of this chapter.

ONSET AND COURSE OF SOCIAL AND
VOCATIONAL IMPAIRMENTS
Problems in the social functioning of patients with schizophrenia typically antedate the onset of the more obvious
signs of the illness by many years. Although some people
with schizophrenia have no social problems during childhood and adolescence before developing the early signs of
schizophrenia, many others show a pattern of maladjustment (Baum and Walker 1995; Hans et al. 1992).
Two types of aberrant social functioning tend to occur
in childhood and adolescence in people who later develop
schizophrenia. First, some individuals are more shy, appear more awkward when interacting with peers, have
fewer friends, and are generally more anxious and withdrawn than others around them (Zigler and Glick 1986).
These individuals may seem peculiar to others or are
viewed as loners with reduced social drive. They often fail
to make close friends or develop romantic interests during
adolescence. For these people, the onset of schizophrenia
is often very gradual, even imperceptible, and the social
impairments related to the illness appear to be mainly an
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exaggeration of problems in their premorbid social functioning.
A second pattern of maladjusted social behavior is reflected by individuals who appear to have impulse-control
problems during childhood and adolescence and whose
behavior may be marked by poor attention during school,
fights, disregard for authority, and other problems commonly found in conduct disorder (Asarnow 1988; Cannon
et al. 1993; Robins 1966; Rutter 1997). These individuals’
social problems appear to stem more from their failure to
recognize the rights and feelings of others than from their
lack of understanding of basic social norms.
Although extensive research has documented problems in social functioning before the onset of schizophrenia, mounting evidence indicates that the prodromal
period preceding the onset of psychotic symptoms in
schizophrenia is longer than was once thought. Thus, at
least some of the pervasive social impairments observed in
people who later develop schizophrenia may actually be
early signs of the illness and are not truly “premorbid.”
Work by Häfner and his colleagues (Häfner 2000; Häfner
et al. 2003) has shown that the first signs of schizophrenia
include depression and mild negative symptoms, followed
by cognitive impairment and difficulties in role functioning. Problems in these areas tend to appear on average
about 5 years before the emergence of psychotic symptoms, which is typically followed within a year by the first
formal treatment (and often hospitalization).
In addition to reporting that the first signs of schizophrenia include both mood and social problems that precede the onset of psychotic symptoms by several years,
Häfner and colleagues (1993, 1999) have shown that the
age at which these difficulties first emerge is related to the
person’s subsequent social functioning over the course of
his or her illness. Specifically, the older an individual is
when he or she develops the first signs and symptoms of
schizophrenia, the more social roles that person has been
able to fulfill and the better that person’s social functioning will be over the course of his or her illness. The frequently reported finding that women with schizophrenia
tend to have better social functioning than men with
schizophrenia (Haas and Garratt 1998), and experience a
somewhat milder course of illness (Angermeyer et al.
1990), can be attributed to the later age at onset of schizophrenia for women (Häfner et al. 1993). Because women
develop schizophrenia at a later age, they develop more
social roles and thus enjoy a better level of functioning
throughout the course of their psychiatric illness.
Over the long-term course of schizophrenia, social
and vocational impairments tend to be relatively stable in
the absence of concerted rehabilitation efforts. The consensus from long-term follow-up studies is that a signifi-

cant proportion of patients have partial or full symptom
remissions and some improvement in their social functioning (Häfner and an der Heiden 2003; Harding and
Keller 1998). The extent to which such gains occur has
been the topic of much debate, but some degree of later
life improvement is nevertheless quite common.

SOCIAL SKILLS AND
SOCIAL FUNCTIONING
For too long, relapse prevention and symptom control
were the exclusive goals of interventions for schizophrenia. However, with the advent of deinstitutionalization
and community-based treatment, the importance of psychiatric patients being able to function competently in
society has become increasingly recognized. More and
more authors have begun to question the wisdom of constraining the definition of good outcome to few or no
psychotic symptoms (Falloon 1984; Meltzer 1999). Consideration of the breadth of domains that most would consider integral to a successful life—work, intimacy, friendships, family, and avocations—has begun to influence the
objectives of treatment interventions.
Psychiatric rehabilitation, a new field that reflects this
broader conceptualization of outcome, has come to the
forefront in schizophrenia treatment research (Bachrach
2000). The notion of recovery from schizophrenia is becoming more widespread, and it is not surprising that one
of the most popular operationalizations of recovery includes independent functioning and peer relationships as
core elements (Liberman et al. 2002). Both elements are
well within the purview of the social functioning domain.
Any discussion of social functioning in schizophrenia
commences with a need to define terms. When we discuss
social functioning, we are typically describing domains of
behavior that involve interactions with others; that is, the
means by which individuals function in society. Social
functioning in schizophrenia has been operationalized at
both the microcomponent and macrocomponent level
(Morrison and Bellack 1987). Many of the microcomponents of social functioning are subsumed under the rubric
of social skills. These typically include the verbal, paralinguistic, and nonverbal components of interpersonal interactions—eye contact; facial expressions; length, frequency, and latency of speech utterances; proximity; use
of hand gestures; and the like. A related variable involves
social perception or cognition, including the accurate recognition of emotions in others (e.g., facial expressions),
the ability to perceive relevant situational parameters, and
understanding the possible motives of others (Penn et al.
1997). Some have conceptualized social skills as including
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“receiving” (social perception), “processing” (social cognition), and “sending” (social skills) skills (Donahoe et al.
1990; McFall 1982; Wallace et al. 1980) and have posited
that deficits may occur in any of these domains. Many of
the core symptoms of schizophrenia, especially those pertaining to cognitive deficits and negative symptoms, are
reflected in the poor social skills often shown by persons
with the disorder.
At a more macro level, social functioning can be seen
as analogous to social adjustment. Here, the primary issue
is role functioning in a variety of domains—worker, family member, friend, and parent. For adults, successful role
functioning typically includes living independently, being
financially self-sufficient through employment, having a
strong social network of family and friends, and having
satisfying avocations. In DSM-IV-TR, criterion B for
schizophrenia reflects the poor and/or deteriorated role
functioning inherent in the disorder.

SOCIAL SKILLS
Poor social skills have been understood as a core characteristic of schizophrenia from its first conceptualization as
a disorder (Kraepelin 1919/1971). Among persons with
schizophrenia, the predictors of better social skills include
demographic characteristics such as being female (Mueser
et al. 1990; Usall et al. 2002); cognitive factors such as
high levels of verbal ability, verbal memory, and vigilance
(Addington and Addington 2000); and psychopathological variables such as low levels of negative symptoms
(Jackson et al. 1989; Patterson et al. 2001). Specific social
skills are related to, but distinguishable from, global social
competence (Appelo et al. 1992).
The negative outcomes accruing from poor social
skills are apparent. For example, Nisenson et al. (2001)
conducted a fascinating study in which research assistants
were assigned to meet with inpatients with schizophrenia
over a 2-week period. Across the 2 weeks, patients who
had deficits in social skills, as reflected in unpleasant conversational topics or “strangeness,” elicited increasingly
more negative appraisals from the research assistants. In a
similar vein, Penn et al. (2000) found, in ratings of the behavior of a group of individuals with schizophrenia, that
poor social skills were associated with perceived “strangeness” and were then related to a desire for greater social
distance.
Fortunately, antipsychotic medications can lead to improvements in social skills when an individual is acutely
psychotic. For example, if a floridly psychotic person
spends much of his or her time appearing to respond to
internal stimuli (e.g., talking to self, looking off, not responding to questions), his or her social skills would be
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deemed poor. The administration of antipsychotic medications, which reduce the frequency of hallucinations,
would be expected to decrease the patient’s apparent response to the internal stimuli and thus improve his or her
social skills. However, in individuals whose psychotic
symptoms are under better control, either through medication or through their own adaptation, antipsychotic
medications appear to have little effect on social skills
(Bellack et al. 2004b). Here, targeted psychosocial interventions are necessary (Hogarty and Ulrich 1998).
Social skills training programs are among the most
common of the psychosocial interventions for schizophrenia. Typically, these programs involve the use of cognitive-behavioral techniques grounded in learning theory
(e.g., coaching, prompting, modeling, chaining, positive
reinforcement) to improve specific components of social
skills (Bellack et al. 2004a; Liberman et al. 1989). Sessions
can be run individually or in a group and typically are offered in a time-limited fashion. Meetings are generally conducted in hospitals or clinics. Typical therapeutic goals
might include improving assertiveness skills, affect recognition, family communication patterns, or conversational
skills. Immediate outcome is usually assessed through
role-plays and/or discussions of strategies that would be
used to resolve interpersonal problems. Often, more global outcomes such as reduced relapse rates or improved
role functioning are also evaluated. The steps of social
skills training are summarized in Table 15–1.
Several reviews and meta-analyses indicated that social skills training programs can lead to improved outcomes (Benton and Schroeder 1990; Dilk and Bond 1996;
Heinssen et al. 2000), although some have drawn more
negative conclusions (Pilling et al. 2002; cf. Mueser and
Penn 2004). One explanation for the negative findings
may be that an obscure link often exists between the social
skills intervention and more global outcomes evaluated in
many studies. Social skills training would be expected to
improve discrete behaviors and perhaps global adjustment
or role functioning. However, some social skills trials have
assessed more distal outcomes, such as treatment compliance and relapse, and these investigations have yielded
mixed results. Even in studies in which benefits have been
achieved in the clinic, there has been much debate about
whether these benefits can be generalized to naturalistic
settings (Liberman et al. 2001). For example, Dilk and
Bond (1996) found that the estimated effects of social skills
training programs were largest in studies in which the assessment setting and outcome measures were similar to
those used in the training of skills and smallest in studies
in which both differed. These results indicate that social
skills training programs can affect specific behaviors, but
it is often unclear when this modification of behavior will
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Steps of social skills

1. Establish rationale for the skill.
• Elicit reasons for learning the skill from group participants.
• Acknowledge all contributions.
• Provide additional reasons not mentioned by group
members.
2. Discuss the steps of the skill.
• Break down the skill into three or four steps.
• Write the steps on a board or poster.
• Discuss the reason for each step.
• Check for understanding of each step.
3. Model the skill in a role-play.
• Explain that you will demonstrate the skill in a role-play.
• Plan out the role-play.
• Use two leaders to model the skill.
• Keep the role-play simple.
4. Review the role-play with the participants.
• Discuss whether each step of the skill was used in the
role-play.
• Ask group members to evaluate the effectiveness of the
role model.
• Keep the review brief and to the point.
5. Engage a patient in a role-play of the same situation.

TA B L E 1 5 – 1. Steps of social skills
training (continued)
8. Engage the patient in another role-play of the same situation.
• Request that the patient change one behavior in the roleplay.
• Check by asking questions to make sure the patient understands the suggestion.
• Try to work on behaviors that are salient and changeable.
9. Provide additional feedback.
• Focus first on the behavior that the patient was requested
to change.
• Engage patient in two to four role-plays with feedback
after each one.
• Use other behavior-shaping strategies to improve skills,
such as coaching, prompting, supplemental modeling.
• Be generous but specific when providing positive feedback.
10. Assign homework.
• Give an assignment to practice the skill.
• Ask group members to identify situations in which they
could use the skill.
• When possible, tailor the assignment to each patient’s
level of skill.

• Instruct members to observe the patient.

result in significant improvements in social adjustment.
Better methods are necessary to generalize skills training
in the clinic to the natural environment, such as in vivo
practice of skills (Glynn et al. 2002) and the use of indigenous supporters to facilitate transfer of skills (Tauber et
al. 2000).

• Start with a patient who is more skilled or is likely to be
compliant.

SOCIAL FUNCTIONING

• Request the patient to try the skill in a role-play with one
of the leaders.
• Ask the patient questions to make sure he or she understands their goal.

6. Provide positive feedback.
• Elicit positive feedback from group members about the
patient’s skills.
• Encourage feedback that is specific.
• Cut off any negative feedback.
• Praise effort and provide hints to group members about
good performance.
7. Provide corrective feedback.
• Elicit suggestions for how patient could do the skill better
next time.
• Limit the feedback to one or two suggestions.
• Strive to communicate the suggestions in a positive,
upbeat manner.

Social functioning occurs at the nexus between social
skills and environmental opportunities to use these skills.
In schizophrenia, both limited social skills and constrained
environmental resources may lead to poor social functioning. Compared with those in the general population,
persons with schizophrenia are less likely to marry and
more likely to divorce if they do (Agerbo et al. 2004), less
likely to have children (Nimgaonkar 1998), and less likely
to be employed (Sturm et al. 1999). Predictors of poor
social functioning include both individual and environmental variables. At the individual level, poorer social functioning has been related to being male (Usall et al. 2002)
and psychophysiological variables (lower responsivity to
environmental stressors and greater responses to skin
conductance–orienting responses) (Brekke et al. 1997).
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Interestingly, individuals with schizophrenia and concurrent substance use disorders tend to have better social
functioning and greater social networks than do those
without a substance use disorder (Carey et al. 2003; Salyers and Mueser 2001), possibly because of their better
premorbid social functioning (Arndt et al. 1992). However, substance abuse in schizophrenia is also related to
greater friction in family relationships (Kashner et al.
1991; Salyers and Mueser 2001) and at severe levels is
associated with substantial social impairment and extrusion from social networks (Drake et al. 1998). At the environmental level, poorer social functioning is related to
participation in less intensive rehabilitation programs
(Brekke et al. 1997) and higher levels of ambient family
stress (Miklowitz et al. 1983).
A variety of different strategies to improve social functioning in schizophrenia have been investigated, with some
success. Three main strategies have been tried: 1) medication, 2) social skills training, and 3) environmental modifications. Although the findings are mixed, studies of longterm medication trials have reported greater benefits for
second-generation over first-generation antipsychotic
agents for improving social functioning, as measured by
changes in outcomes such as global functioning, quality of
life, and negative symptoms (Corrigan et al. 2003).
Several different skills-building approaches have been
used. Participation in personal therapy, a multiyear individual therapy focusing on education about schizophrenia
and development of stress tolerance, led to greater improvements in social functioning than did participation
in supportive therapy or family therapy in a sample of
151 individuals with schizophrenia or schizoaffective disorder (Hogarty et al. 1997a, 1997b). In a sample of 528 individuals with a schizophrenia spectrum disorder, participation in family interventions, whether offered in monthly
groups or in more intensive weekly sessions, was related
to improvements in patient social leisure activity and selfcare as rated by the family (Mueser et al. 2001c). Participation in a set of structured, manualized social and independent living skills groups was found to be related to increases in social adjustment in comparison to attending
supportive group therapy (Marder et al. 1996). Extending
this work, Glynn et al. (2002) found that using a community-based trainer to support practice of skills learned in
the social and independent living skills groups led to greater
improvements in social adjustment compared with attending the groups without the community-based trainer.
In a unique study that compared the benefits of participating in a generic social skills training program like that
described earlier with the benefits of participating in one
targeting specific social areas (e.g., recreation, residence,
vocational activity), Roder et al. (2002) found a trend for
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improvement in all four groups for the targeted intervention.
The preceding discussion highlights both medication
and skills training as ways to improve social functioning.
The social and physical milieus are also susceptible to modification in the service of supporting better social functioning. In an innovative, environmentally focused study,
Velligan et al. (2000) found that implementing a set of compensatory strategies (e.g., color coding, checklists, audible
prompts) tailored to the participants’ impediments in motivation, impulse control, and executive functioning led to
greater improvements in functioning compared with a
medication group or a medication group combined with
an attention–placebo control intervention (i.e., equal time
spent with a clinician engaged in supportive discussion
and the provision of environmental adaptations such as
posters and plants that were unrelated to the study goals).
The aforementioned studies suggest that profound
changes in social functioning can occur as a result of medication, skills training, or environmental engineering.
Most incorporated randomized designs, thus supporting
the strength of the findings. Individuals with schizophrenia can experience improvements in social functioning
over time, especially when exposed to well-considered,
targeted treatments. Although control of symptoms is a
laudable goal, improved social functioning is often the
cornerstone of a successful community life.
The interventions described earlier yield important
improvements in the social functioning of persons with
schizophrenia; however, some of the greatest personal developmental tasks have yet to be adequately addressed by
clinical researchers. Three important areas for consideration are living independently, establishing a romantic relationship, and raising children. Perhaps one explanation
for why research and progress on interventions in these
areas has lagged is that these are formidable life challenges, which can be daunting even for persons without
psychiatric illnesses.
With regard to independent living, many have suggested that supported housing programs will lead to greater
levels of self-sufficiency in schizophrenia (Rosenheck
2000). These programs typically provide persons with
schizophrenia the opportunity to live in independent or
quasi-independent settings with mental health staff available as resources and a planned, gradual transition to less
supervision. In many programs, the ultimate goal is independent living. Unfortunately, the lack of randomized trials evaluating the benefits of supported housing program
makes it impossible to discern whether they do, in fact,
eventually lead to greater participant independence. A recent Cochrane review (Chilvers et al. 2002) found that although descriptions of 139 such programs were available
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in the scientific literature, none was conducted with the
scientific rigor necessary to provide unbiased, useful information on whether supported housing really helps individuals move to greater independence.
A second compelling issue for many patients with
schizophrenia today is their desire for a partner. Most individuals with the illness now spend most, if not all, of
their lives outside of the hospital and long for a romantic
relationship, just as their contemporaries without schizophrenia do. Unfortunately, this area has been little studied
and is little understood. We do know that in Western societies (e.g., Finland and the United States), women with
schizophrenia are more likely to marry than are their male
counterparts (Bhatia et al. 2004; Salokangas et al. 2001).
There are many posited reasons for this disparity (Haas
and Garratt 1998; Riecher-Rössler and Häfner 2000), including the fact that 1) women tend to become ill later in
life, so they may have already married before developing
symptoms; 2) women may be more “marriageable” because
it may be more acceptable for women to be out of the
workforce and seen as homemakers, compared with men;
and 3) more dependency is generally tolerated in women
than in men in these societies. Similarly, cultural factors
are thought to account for the absence of gender disparity
in marriage rates among individuals with schizophrenia in
India (Bhatia et al. 2004).
Nevertheless, we understand little at this point about
how to help persons with the illness find and develop satisfactory, intimate partnerships with other individuals. Social stigma and poor self-esteem make this a very thorny
road for many individuals with the illness. Most of the
available textbooks on schizophrenia mention marriage
little or not at all, and most family interventions for the illness highlight families of origin rather than partners
(Schooler et al. 1997). Better ways to help persons with
the illness develop satisfying social lives are sorely needed.
A final area of concern involves raising children (Brunette and Dean 2002). This issue has been studied primarily in women with schizophrenia, and the results are,
not surprisingly, disturbing. In comparison to control
subjects without schizophrenia, women with schizophrenia are less likely to have children (Haukka et al. 2003;
Howard et al. 2002) but more likely to have difficulty raising their children if they do have them. Many lose custody
(Miller and Finnerty 1996), and those who do raise their
children may encounter difficulties resulting from their
illness and poor social networks. Nevertheless, data suggest that being raised by a parent with schizophrenia is not
necessarily equated with greater psychopathology in the
offspring (Higgins et al. 1997), and many have called for
professionals to provide more support to persons with

schizophrenia so that they will be able to rear their children successfully (Miller 1997).
Successful community functioning can be challenging
for all persons. The experience of serious psychiatric illnesses such as schizophrenia often renders these challenges
even more difficult. Mental health providers must take a
broad view of their patients and take the time to understand and address social concerns in addition to symptom
issues in order to provide optimal care and ensure the best
possible outcomes.

VOCATIONAL FUNCTIONING
Poor occupational functioning is nearly a universal characteristic of schizophrenia, with competitive employment
rates typically in the range of 10%–20% (Brekke et al. 1993;
Marwaha and Johnson 2004; Mueser et al. 2001b) and
invariably less than 50% (Priebe et al. 1998). Long-term
outcome studies have reported occupational decline from
premorbid levels in a significant proportion of persons with
schizophrenia (Johnstone et al. 1990; Marneros et al. 1992).
Moreover, this decline is evident as early as 6–18 months
after the first episode (Beiser et al. 1994; Ho et al. 1998).
The high rate of unemployment among persons with
schizophrenia has important implications for the effect of
the disorder on the individual, the family, and society. From
an individual perspective, high costs are associated with unemployment in schizophrenia, such as living in poverty
with an increased vulnerability to victimization (Goodman
et al. 2001; Walsh et al. 2003). In general, people with
schizophrenia who are working function better across a
range of different domains, and the attainment of work in
previously unemployed persons is associated with increases
in self-esteem, decreases in depression and psychotic symptoms, improved satisfaction with finances, and better overall functioning (Arns and Linney 1993; Bell et al. 1993,
1996; Bond et al. 2001b; Mueser et al. 1997; Torrey et al.
2000). The apparent clinical benefits of work for people
with schizophrenia have led some to embrace the old adage
that “work is good therapy” (Harding et al. 1987).
Low employment rates in schizophrenia also naturally
lead to an increased dependence on the family for housing
support and getting basic needs met. The high dependence of persons with schizophrenia on their family members, including cohabitation, contributes to significant
objective and subjective burden on relatives (Baronet 1999;
Maurin and Boyd 1990; Webb et al. 1998), which can culminate in high levels of anxiety and depression (Oldridge
and Hughes 1992) and vulnerability to physical illness
(Dyck et al. 1999) among caregivers. Even among people
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with schizophrenia who receive disability payments, family members still make significant financial and time contributions to the management of their illness and commonly associated disorders such as substance abuse and
dependence (Clark 2001).
In addition, unemployment, resulting in lost productivity and the need for supplemental income, is a primary
source of the high cost of schizophrenia, estimated to exceed $6 billion per year (Rice 1999). Indeed, the loss of
productivity over most of the adult lifetime is a major reason that the combined economic and social costs of
schizophrenia place it among the world’s top 10 causes of
disability-adjusted life-years (Murray and Lopez 1996),
accounting for an estimated 2.3% of all burdens in developed countries and 0.8% in developing economies (U.S.
Institute of Medicine 2001).
Finally, work is a critical component of how people in
Western society define themselves, and the inability to
work sets patients with mental illness, especially schizophrenia, apart from others and further contributes to their
social marginalization (Crisp et al. 2000). Unfortunately,
the stigma associated with schizophrenia may impede the
ability of people with the illness to obtain jobs because of
discrimination, which increases their stigmatization even
more (Farina 1998; Wahl 1999). Increasing employment
rates may decrease both stigmatizing public attitudes toward schizophrenia and self-stigmatizing beliefs among
persons with the illness (Wahl 1997).

CORRELATES AND PREDICTORS OF WORK
A variety of sociodemographic, historical, and clinical
correlates of work have been identified for persons with
schizophrenia. As in the general population, level of education is related to work in schizophrenia (Mueser et al.
2001b). Given the evidence that educational attainment is
more severely curtailed in schizophrenia compared with
that in other disorders and the general population
(Kessler et al. 1995), the association between education
and work may partly account for the low work rates in
people with this disorder. Similarly, history of competitive
work, as well as current work status, is a potent predictor
of future work in schizophrenia (Drake et al. 1996b; Mueser et al. 2001b).
Some research suggests that social skills are related to
work performance in persons with schizophrenia (Arns
and Linney 1995; Bellack et al. 1990; Furman et al. 1979;
Mueser et al. 1986), and one study found that skills training improves employment outcomes (Tsang 2001). However, an even greater wealth of evidence points to the importance of symptoms and cognitive functioning as
contributing factors to vocational functioning in schizo-

phrenia. Both psychotic and negative symptoms have
been found to predict amount of employment in persons
with schizophrenia not participating in vocational rehabilitation, both concurrently and prospectively (Beiser et
al. 1994; Daradkeh and Karim 1994; Glynn et al. 1992;
Mueser et al. 2001b; Racenstein et al. 2002).
Cognitive impairment is strongly related to a range of
different domains of community functioning in schizophrenia (Green 1996; Green et al. 2000), including work
(McGurk and Meltzer 2000). Specifically, cognitive functioning is related to work both in people not receiving vocational rehabilitation services (Bellack et al. 1999; J.M.
Gold et al. 1999; McGurk and Mueser 2003; Mueser et al.
2001b) and in people receiving such services (Bell and Bryson 2001; Bryson et al. 1998; J.M. Gold et al. 2002; Lysaker
et al. 1995; McGurk et al. 2003). A recent review of correlates and predictors of work in schizophrenia and other severe mental illnesses concluded that although symptoms
and cognitive functioning predict work in schizophrenia,
the associations tend to be stronger in patients not receiving employment services than among patients receiving
such services (McGurk and Mueser 2004). A possible implication of these findings is that vocational rehabilitation
may serve to compensate for the effects of illness-related
impairments, both symptom and cognitive, on work.

VOCATIONAL REHABILITATION
The high rates of unemployment in patients with schizophrenia underscore the importance of improving employment outcomes in these individuals. Furthermore, most
persons with schizophrenia express a desire for competitive work (Mueser et al. 2001b; Rogers et al. 1991). Various vocational rehabilitation models have been developed
to address the poor work outcomes of persons with
schizophrenia. Traditional approaches to vocational rehabilitation that use a “train-place” approach (i.e., in which
patients engage in extensive preparation before getting a
competitive job, such as vocational counseling, skills
training, participating in job club, or sheltered work) found
few beneficial effects on competitive work outcomes
(Bond 1992). More recently, vocational rehabilitation
models that emphasize rapid job search and attainment,
and the provision of follow-along supports (most notably,
supported employment), have been developed and empirically validated (Bond et al. 2001a).

Supported Employment
Purpose and scope. Supported employment is an approach to vocational rehabilitation for persons with schizophrenia and other severe mental illnesses that focuses on
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helping patients find competitive jobs in integrated community settings and on providing ongoing supports to facilitate good job performance or to help in the transition
to another job. The supported employment model was
first developed for persons with developmental disabilities (Wehman and Moon 1988) and was then adapted for
individuals with schizophrenia and other severe mental
illnesses (Becker and Drake 1994). The most widely studied approach to supported employment for severe mental
illness is the Individual Placement and Support (IPS)
model, which has been standardized in a manual (Becker
and Drake 2003) and a fidelity scale (Bond et al. 1997).
First and foremost, supported employment emphasizes helping people with schizophrenia find competitive
jobs in the community. The jobs that are most valued by
individuals are those located in integrated community settings, thus providing contact with nondisabled persons
and paying competitive wages (Bedell et al. 1998). Research, as described in the following subsection, suggests
that many people with schizophrenia are capable of attaining competitive work in the community and that
modest clinical benefits are associated with work (Arns
and Linney 1993; Bell et al. 1996; Mueser et al. 1997).
Furthermore, the focus of supported employment is on
finding jobs with a minimum of prevocational activities,
such as sheltered work or skills training. Some evidence
indicates that delaying the job search in supported employment is associated with worse vocational outcomes
(Bond and Dincin 1986; Bond et al. 1995), underscoring
the importance of “striking while the iron is hot” and commencing the job search soon after the individual has expressed an interest in working.
The job search in supported employment is individualized for the patient and is informed by knowledge of the
individual’s job preferences, including type of work and
extent of social contact. Matching patients’ job preferences to the jobs obtained has implications for improving
job tenure for persons receiving supported employment;
people who obtain jobs that match their preferences report significantly higher levels of job satisfaction and remain in the job longer than do people whose jobs do not
match their preferences (Becker et al. 1996; Mueser et al.
2001a).
Supported employment also differs from many other
approaches to vocational rehabilitation in the provision of
individual, time-unlimited support to maintain employment. The type of support provided by the supported employment specialist varies according to the needs and
preferences of the individual. Some patients choose to disclose their psychiatric disability to prospective employers,
whereas others do not. When patients prefer not to disclose their psychiatric disorder, the support provided is

“behind the scenes” and can involve activities such as
planning the job search, practicing job interviewing, and
problem solving to address conflicts and issues that arise
on the job. When the person permits disclosure to a prospective employer, the employment specialist is also often
directly involved in helping the patient acquire the job,
liaising with the employer to ensure good job performance, and helping the person negotiate reasonable accommodations when needed.
Finally, supported employment services need to be
closely integrated with the provision of clinical services to
ensure the long-term retention of patients in vocational
services (Mueser et al. 2004) and to address optimally clinical and treatment issues that may affect work (e.g., responding to the early warning signs of an impending relapse and managing medication side effects, such as
sedation, that may interfere with work). One approach to
integration of vocational and clinical services is to have the
supported employment specialist function as a member of
the patient’s interdisciplinary treatment team and attend
all team meetings, provide information about the patient’s
work-related activities, and obtain feedback and suggestions from other team members about how to help the individual attain his or her work goals. Having the employment specialist work alongside the clinical treatment team
serves to highlight the importance of work in treatment
planning and to ensure that all members of the team are
supportive of improving the patient’s vocational outcomes.
Research on supported employment. Over the past
decade, a growing body of research has been conducted
documenting the effectiveness of supported employment
for persons with schizophrenia and other severe mental
illnesses. Most of the research has examined the IPS
model (Becker and Drake 2003), although research also
has evaluated other models of supported employment.
Five quasi-experimental studies have examined the effects
of closing day treatment programs and initiating supported employment programs in their place (Bailey et al.
1998; Becker et al. 2001; Drake et al. 1994, 1996a; M. Gold
and Marrone 1998). Across the studies, the conversion to
a supported employment program was associated with
significant increases in work, without any untoward
effects observed, such as increases in relapses or rehospitalizations.
In addition to these quasi-experimental studies, 11 randomized controlled trials have reported the superiority of
supported employment to a variety of other vocational rehabilitation approaches across the United States, as illustrated in Figure 15–1. These studies have shown that IPS
or other approaches to supported employment result in
significantly higher levels of competitive employment over
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F I G U RE 15 – 1 . Cumulative rates of competitive employment over 1–2 years for persons with severe mental illness
participating in 11 randomized controlled trials of supported employment programs.
IPS= Individual Placement and Support model of supported employment, SE= other supported employment model. Specific vocational programs used in comparisons with IPS and SE included sheltered work, brokered vocational rehabilitation services, prevocational preparation and skills training, psychosocial rehabilitation programs, and diversified vocational placement (i.e., access to
multiple types of programs). See text for details.

1–2 years compared with other programs, including sheltered work in New York (Gervey and Bedell 1994); Washington, D.C. (Drake et al. 1999); and South Carolina (P.B.
Gold et al., in press); brokered vocational rehabilitation
services in California (Chandler et al. 1997; Twamley et al.
2004), New York (McFarlane et al. 2000), and Connecticut (Mueser et al. 2004); prevocational preparation and
skills training in Indiana (Bond et al. 1995) and New
Hampshire (Drake et al. 1996b); psychosocial rehabilitation programs in Connecticut (Mueser et al. 2004) and
Maryland (Lehman et al. 2002); and diversified vocational
placement (i.e., access to multiple types of programs) in Illinois (Bond 2004). Thus, significant research supports
the effectiveness of supported employment for persons
with severe mental illness.

CONCLUSION
Impairments in social and vocational functioning are a
defining characteristic of schizophrenia and include poor
quality of social relationships and difficulty with role
functioning in areas such as school, work, and parenting.

Problems in social functioning appear to be at least partly
related to symptoms of the illness, including psychotic,
negative, and cognitive symptoms, but are not fully
explained by those symptoms. Economic constraints and
environmental factors such as stigma and discrimination
also play a role in limiting social functioning.
Although impairments in functioning tend to be relatively stable and long term in schizophrenia, significant
advances have been made in the development of interventions for improving functioning. Most notable among
those interventions are social skills training to improve
social functioning and supported employment to improve
vocational outcomes.
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STAGES OF ILLNESS
The natural history of schizophrenia may be conceptualized in stages that include premorbid, prodromal, firstepisode, early-course, and chronic phases, with the duration, course, and severity of symptoms in each phase
highly variable. The premorbid phase includes the period
before the emergence of any symptoms. Most individuals,
however, have premorbid features that include subtle deficits in cognitive function (IQ, attention, verbal memory,
executive function, motor skills) that negatively affect
social and school function (Fuller et al. 2002; Niemi et al.
2003; Zammit et al. 2004). On average, the magnitude of
these deficits is small, with the distribution overlapping
substantially with that of the general population (Fuller et
al. 2002). Thus, most individuals who will develop schizophrenia are not clearly distinguishable from their peers
premorbidly.
Most individuals (about 75%–80%) experience a gradual
emergence of symptoms before the onset of frank psycho-

sis—that is, a prodrome (Hafner et al. 1998) (see Chapter 19,
“The Prodrome,” this volume). Decline in cognitive, social, and vocational function may be one of the first symptoms to emerge as individuals move from the premorbid
to the prodromal stage (Ang and Tan 2004; Fuller et al.
2002; Zammit et al. 2004). In a retrospective study of performance on standardized scholastic tests, individuals
who later developed schizophrenia performed, on average, slightly lower than the norm in grade school and middle school (about the 45th percentile). By 11th grade,
these individuals, on average, had experienced a decline in
function, performing significantly below average on tests
of reading (40th percentile), language (37th percentile),
and sources of information (41st percentile) (Fuller et al.
2002).
Prodromal symptoms include frequent misperceptions: for example, seeing things out the corner of one’s
eye or hearing vague knocking or whistling noises. Prodromal symptoms also include subdelusional changes in
thought content (e.g., becoming very suspicious of others)
or ideas of reference. Individuals also complain of wors-
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ening problems with distractibility and attentional difficulties. These symptoms may impair ability to function at
school, work, or socially, and the functional difficulties are
often what brings the person to clinical attention (Addington et al. 2002). Much of the decline in social and occupational function associated with schizophrenia occurs during
the prodrome, prior to the onset of frank psychosis (Hafner et al. 1999; Yung and McGorry 1996). Recent efforts
have had some success at identifying individuals in the
prodromal stage, prior to the onset of the full syndrome
(Miller et al. 2003; Yung et al. 2004) (see Chapter 19, “The
Prodrome,” this volume).
Typically, schizophrenia spectrum disorders, including
schizophrenia, schizoaffective disorder, and schizophreniform disorder, begin in adolescence or early adulthood.
The average age at onset in women is about 29 years—
somewhat older than the average age at onset in men
(25 years) (Hafner et al. 1998; Jablensky and Cole 1997).
Onset occurs for most individuals (about 75%) between
ages 15 and 30 (Heiden and Hafner 2000). Age at onset
may vary in specific populations. For example, among individuals who have a first-degree relative with a psychotic
disorder, the age at onset may be similar for men and
women (Gorwood et al. 1995). In addition, some evidence
over the past century indicates later age at onset (Di Maggio et al. 2001; Stompe et al. 2000).
As the symptoms of schizophrenia emerge and the illness progresses, impairments in social and vocational
function may occur. The diagnosis of schizophrenia requires hallucinations, delusions, or disorganization, but it
is often the other associated impairments in cognitive
function and the severity of negative symptoms that most
contribute to social and vocational impairments (Green et
al. 2000). The clinical progression of schizophrenia occurs during the initial decade of illness, followed by relative clinical stability (Hafner and an der Heiden 1997) or
improvement (Harrison et al. 2001).

COURSE OF ILLNESS
Most individuals who develop a schizophrenic psychotic
disorder will have a chronic illness. The severity of positive, negative, cognitive, and mood symptoms is highly
variable, as is the severity of social and vocational disability. Long-term outcome varies from sustained recovery, to
recurrent psychotic episodes with recovery between episodes, to varying severity of chronic, disabling, residual
symptoms.
Two main strategies have been used to characterize
outcome (Marengo 1994). One considers outcome in var-

ious domains, including symptomatic, social and work
function, and activities of daily living. Although many
studies have used their own descriptors, most modern
studies have used standardized scales, especially the Disability Assessment Scale (DAS) to evaluate social and vocational function and the Global Assessment of Functioning (GAF) Scale or the Global Assessment Scale (GAS) to
evaluate both symptoms and function. A second strategy
emphasizes course patterns, characterizing onset (insidious or acute), symptom patterns (episodic or chronic), trajectory (stable or deteriorating), and summary evaluation
of outcome (recovered or mild/moderate/severe end state)
(Figure 16–1).

RECOVERY
Not all individuals who experience a psychotic illness
meeting criteria for schizophrenia, schizoaffective disorder, or schizophreniform disorder develop chronic symptoms and functional impairment. Numerous prospective
and follow-back outcome studies of individuals with firstepisode schizophrenic psychotic disorders have been
done. Definitions of sustained recovery are varied, but the
studies shown in Figure 16–2 required both remission of
symptoms and good social and vocational function. Note
that definitions of recovery by and large do not require
return to premorbid level of function, but instead emphasize resuming full participation in work and social life and
absence of clinically significant psychopathology. These
studies find that between 9% and 38% of the individuals
meeting criteria for a schizophrenic psychotic disorder
will enjoy a sustained symptomatic and functional recovery after one or more psychotic episodes. The sustained
recovery may occur after multiple episodes and includes
gradual improvement after a long period of illness (Harrison et al. 2001). Studies also find that 5%–22% of the
patients recover from a first episode without subsequent
recurrence of symptoms (see Figure 16–2) (Lee et al.
1998; Shepherd et al. 1989; Wiersma et al. 1998). At least
one study did not find any patients who only had a single
episode followed by recovery, however (Mason et al.
1996).
These studies, despite methodological limitations
(Riecher-Rossler and Rossler 1998), paint a consistent picture: that as many as one of every five individuals who develop a schizophrenic psychotic disorder will have a sustained recovery and that a lower proportion completely
recover from a first episode without subsequent relapse,
even without maintenance antipsychotic medication.
The consistent finding that a substantial minority of
individuals will recover from a first episode may be sur-
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Acute onset, simple course, good outcome: 5%

Acute onset, episodic course, good outcome: 29%

Insidious onset, simple course, good outcome: 10%

Insidious onset, episodic course, good outcome: 23%

Acute onset, simple course, poor outcome: 9%

Acute onset, episodic course, poor outcome: 5%

Insidious onset, simple course, poor outcome: 14%

Insidious onset, episodic course, poor outcome: 4%

F I G U RE 16 – 1 .

Long-term (15-year) course of schizophrenia.

Source. Reprinted from Harrison G, Hopper K, Craig T, et al.: “Recovery From Psychotic Illness: A 15- and 25-Year International
Follow-up Study. ” British Journal of Psychiatry 178:506–517, 2001. Used with permission.

prising to clinicians who regularly treat schizophrenia.
Functional disability and symptom chronicity occur in
most patients who require chronic treatment, and recovery is rarely observed. The reason for the discrepancy between the observations of clinicians and the results of
these epidemiological studies lies primarily in the fact that
the recovered patients often do not seek ongoing treatment and thus are not part of the population of individuals
who require chronic treatment.

CHRONIC SYMPTOMS AND DISABILITY
Long-term prospective and follow-back studies find a
range of disability and symptom chronicity in individuals
meeting criteria for a schizophrenic psychotic disorder.
A significant minority—about 1 of every 10 patients—will
have persistent, unremitting psychotic symptoms throughout the course of their illness (Thara et al. 1994; Wiersma
et al. 1998). As is shown in Figure 16–3, by the chronic
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Follow-up
period (y) N

Study

Bleuler 1911/1950a,b
c

Harrison et al. 2001

20

68

15 502

Lee et al. 1998a

15

70

Wiersma et al. 1998

15

82

an der Heiden 2000

14

56

Mason et al. 1995a

13

67

Murphy and Raman 1971

12

90

Thara et al. 1994a

10

76

Lo and Lo 1977

10 133

Leff et al. 1992c

5 528

Kulhara and Wig 1978

5 100

Svedburg et al. 2001d

5

38

e

5

71

Shepherd et al. 1989

5

49

Scottish Schizophrenia Research Group 1992

5

43

Svedburg et al. 2001

Robinson et al. 2004

Only one episode followed by sustained recovery
One or more episodes with sustained recovery

5 118
0

10

20

30

40

50

60

70

80

90

100

Proportion

F I G U RE 16 – 2 .

Proportion of first-episode patients with sustained functional and symptomatic recovery.

a

Reports from individual studies included in Harrison et al. 2001.
b
Preantipsychotic era.
c
International Pilot Study of Schizophrenia multisite study at 5- and 15-year follow-up; at 5-year follow-up, proportion with full
remission and no further episode ranged from 5% to 42%.
d
Subjects with schizophrenia only.
e
Subjects with schizophrenia, schizophreniform disorder, or schizoaffective disorder.

stage of illness, a consistent prognostic picture emerges:
about one-third of patients will have a relatively good outcome, with no more than mild symptoms and functional
impairments; the remaining two-thirds will have moderate
to severe symptoms and functional impairments. The same
pattern of outcome is found when examining work and
social function. For example, in a multicountry, 15-year follow-up study of first-episode patients, social and vocational
function, as measured by the DAS, was good to excellent
for 33%, fair for 23%, and poor for 44% (Harrison et al.
2001). When outcome is characterized in terms of disease
course, about a third of patients also experience good outcomes with no or mild residual symptoms (Bleuler 1979;
Harrison et al. 2001; Heiden and Hafner 2000).

DEATH
The most devastating outcome—premature death—
occurs in a substantial minority of affected individuals.
Long-term mortality is much higher for an individual

with schizophrenia than in the general population; as much
as five times higher than the age-matched general population risk for men; and two times higher for women, with
suicide accounting for about half of the excess mortality
(Brown 1997; Brown et al. 2000; Mortensen and Juel 1993).
About 1 of 10 individuals diagnosed with schizophrenia will
die by suicide, with the highest risk occurring during the
recovery period after initial diagnosis (Kua et al. 2003;
Lee et al. 1998; Wiersma et al. 1998). Because the greatest
risk of suicide appears to be during the recovery from a
first episode, specialized treatment during this time may
reduce death by suicide.
In addition, individuals with schizophrenia are at increased risk for death from cardiovascular disease, diabetes, lung disease, and accidents (Brown et al. 2000). The
risk for these diseases may be in part genetically based;
however, much of the risk may be related to lifestyle, social, and environmental factors and thus is potentially preventable.
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Study

GAF Scale score < 60 (moderate to severe symptoms and impairments in function)

Follow-up
period (y) N

Kua et al. 2003

20

GAF Scale score > 60 (no more than mild symptoms or functional impairment)

216

Bottlender et al. 2002a,b 15 186

Bottlender et al. 2002b,c 15 152

Harrison et al. 2001d

15 502

Wiersma et al. 2000

15

Mason et al. 1995

299
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5
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Svedburg et al. 2001c 5

71

Svedburg et al. 2001a
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F I G U RE 16 – 3 .

Global outcomes as measured by Global Assessment of Functioning (GAF) Scale at follow-up.

a

Subjects with schizophrenia only.
b
GAF Scale score > 61.
c
Subjects with schizophrenia, schizophreniform disorder, or schizoaffective disorder.
d
GAF Scale disability rating score> 60 and Bleuler rating of “recovered.”

TRENDS IN OUTCOME OVER TIME AND PLACE
The likelihood of a good symptomatic and functional outcome has varied over time and across place. The most
likely explanation is that genetic and environmental factors that influence prognosis vary in a given population at
a given time and thus affect disease outcome in that population. For example, some evidence suggests that outcome may have improved with the introduction of antipsychotics. In a meta-analysis of outcome studies conducted
from 1895 to 1991, the proportion of individuals with
schizophrenia who were “considered improved” after an
average of 5.6 years (range=1–40 years) of follow-up differed between patients diagnosed in the first half of the
century (35.4%) and those diagnosed in the second half

(48.5%) (Hegarty et al. 1994). The proportion “considered improved” declined over the decade from 1980 to
1990, to 36.4%, however. Because the meta-analysis was
not limited to studies of individuals identified at a first
episode, some of the results, especially the more recent
reports, were likely to have excluded good-prognosis
patients (e.g., single-episode recovered patients). Other
methodological problems with the meta-analysis also
limit conclusions that may be drawn (Dean 1995; Oken
and McGeer 1995; Papezova and Czobor 1995; Warner
1995).
Nonetheless, when incidence studies are examined, a
difference in outcome emerges between the first half of
the century, during which, on average, 14% (range=0%–
29%) experienced a good outcome, and the second half of
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Study

Follow-up
period (y) N

Stearns 1912

5

395

Rosanoff 1914

5

169

Rupp 1940

10

641

18

255

Holmboe and Astrup 1957
Preantipsychotic era
Antipsychotic era

Astrup 1962

Poor outcome
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20 1102

Huber et al. 1980
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500

Kua et al. 2003
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Lee et al. 1998
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Wiersma et al. 2000
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F I G U RE 16 – 4 .

Global outcome: before and after the introduction of antipsychotics.

the century, during which, on average, 29% (range=14%–
64%) experienced a good outcome (Figure 16–4).
In addition, better outcome is consistently found in
developing compared with developed countries. At 2-year
follow-up of the well-designed and well-conducted
World Health Organization International Pilot Study of
Schizophrenia, about 63% of the individuals from developing country sites met criteria for remission compared
with 37% of the subjects from developed country sites
(Jablensky et al. 1992), and these difference persisted at
5-year follow-up (Leff et al. 1992). In addition, social function was rated as impaired at some point during follow-up
for only 16% of the individuals from developing country
sites compared with 42% of the individuals from developed country sites. These findings led to the idea that
social-, cultural-, or biologically based differences between developing and developed countries may significantly affect the severity of schizophrenia ( Jablensky
2000).

FACTORS ASSOCIATED
WITH PROGNOSIS
The cause of the extreme heterogeneity in long-term outcome—from complete recovery to incapacitating symptoms and disability—is not known but is of obvious interest. Prognosis is very likely related in part to the extent and
severity of the underlying disease pathology. Because of
genetic and early environmental events that significantly
affect brain development, some individuals may have a
poor-prognosis disease that does not respond to available
treatments. Disease course also may be related to environmental factors, including the extent that treatment is optimal, the support and demands of the patient’s community,
and the availability of resources to support recovery. Some
individuals may have a neuroprogressive component to
their disease that potentially could be prevented by optimal treatment and support (Lieberman et al. 2001).

295

Natural History and Predictors of Clinical Course
To better predict prognosis and also to develop treatment strategies that could improve outcome, numerous
studies have examined the relation between clinical, demographic, and treatment variables and outcome. Emerging results from molecular genetic studies are also beginning to shed light on biological factors that contribute to
disease etiology and disease severity.

CLINICAL FEATURES
Clinical features associated with a poor prognosis include
poor premorbid social and school function, insidious
onset, earlier age at onset, prominent negative symptoms,
more severe cognitive impairments, and male sex (Isohanni et al. 2004; Niemi et al. 2003). These features are
intercorrelated, suggesting that together they characterize a poor-prognosis illness (Bottlender et al. 2002; Rund
et al. 2004; Tiryaki et al. 2003). Some features, such as
severe cognitive impairments and negative symptoms,
may cause others, such as poor premorbid social and school
function. As discussed earlier, individuals who develop
schizophrenia have evidence of intellectual impairment in
childhood, and these impairments may underlie the premorbid deficits in social and school function (Aylward et
al. 1984; M. Cannon et al. 2002a; T. D. Cannon et al.
2000a; Ott et al. 1998; Zammit et al. 2004). Available
studies suggest that lower IQ, poor school performance,
and greater impairments in social function are associated
with more severe illness course and greater functional deficits (Haas and Sweeney 1992; Munro et al. 2002; Roff
2001). Gradually emerging symptoms are also associated
with poor prognosis (Harrison et al. 1996), and abrupt
onset precipitated by stressful events is associated with a
good prognosis (van Os et al. 1994). Progressive cognitive
deficits during the premorbid stage and gradually emerging symptoms during the prodromal stage may contribute
to functional decline and are in fact the earliest manifestations of a progressive component of the illness.
Recent evidence points to a high correlation between
cognitive deficits and level of functional recovery (Verdoux et al. 2002). Cognitive deficits are not static through
the course of illness but may improve, be stable, or decline
over time. Declining neurocognitive function in particular may be a poor prognostic sign (Stirling et al. 2003).
The course and prognosis of schizophrenia differ for
men and women. On average, women have a milder form
of illness, with less severe psychopathology, better work
and social function, greater likelihood of recovery, and
less frequent and shorter hospitalizations (Lee et al. 1998;
Leung and Chue 2000; Thara et al. 1994; Usall et al.
2002). Compared with men, women who develop schizophrenia are less likely to have poor prognostic clinical fea-

tures, such as early age at onset, poor premorbid function,
and obstetrical complications (Larsen et al. 1996). Speculations as to why women may have a more benign illness
than men include the potential of estrogen to be neuroprotective and to have antipsychotic effects, the increased
vulnerability to obstetrical complications in men, and the
later age at onset in women allows development of social
and vocational skills that are relatively preserved once the
illness develops (Cyr et al. 2002; Hafner 2003; Leung and
Chue 2000; Salem and Kring 1998).

DIAGNOSIS
Individuals meeting “narrow” criteria for schizophrenia,
including the requirement of long duration of illness (e.g.,
greater than 6 months) and lack of prominent mood
symptoms, consistently have a worse prognosis than do
individuals with shorter duration of psychosis prior to
treatment contact (e.g., schizophreniform, brief psychotic
disorder) or those with prominent mood symptoms (e.g.,
schizoaffective disorder). For example, in one study, 9%
of the persons meeting criteria for schizophrenia recovered compared with 21% meeting criteria for schizophrenia spectrum disorders (schizophrenia, schizophreniform
disorder, and schizoaffective disorder) (Svedberg et al.
2001) (see Figure 16–2). The differences in prognosis
related to diagnosis may be in part mediated by the other
prognostic features, such as mode of onset and duration of
illness, that are part of the diagnostic criteria.

ENVIRONMENTAL PROGNOSTIC FACTORS
Several environmental factors may affect brain development and thus influence risk of disease and ultimate
disease severity (see Chapter 4, “Prenatal and Perinatal
Factors”). Perinatal obstetric complications, especially
maternal infectious disease, severe maternal malnutrition,
maternal diabetes, and complications associated with fetal
hypoxia, are environmental risk factors for schizophrenia
(Alvir et al. 1999; M. Cannon et al. 2002b; Koponen et al.
2004; Kunugi et al. 2001). In addition, children who have
a central nervous system viral infection may have a fivefold
increase in risk for developing schizophrenia (Koponen et
al. 2004). Obstetrical complications are associated with
other poor prognostic features, such as poor premorbid
function, male sex, and severe cognitive impairments
(T.D. Cannon et al. 2002; Kotlicka-Antczak et al. 2001;
Rosso et al. 2000). Perinatal complications may affect
brain development at a critical period and, in a genetically
vulnerable individual, increase risk, with more severe insults having more significant effect and thus resulting in a
more severe illness (T.D. Cannon et al. 2000b).
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Substance use disorders are about twice as common in
individuals with schizophrenia as in those in the general
population; about 40%–60% of patients meet criteria for
a substance use disorder diagnosis (Cantor-Graae et al.
2001). Some evidence indicates that substance use may be
associated with some good prognostic features, including
better premorbid adjustment and less marked structural
brain abnormalities, but on the whole, substance use is associated with greater psychopathology and a more severe
illness course. Active use of alcohol or other drugs has
been associated with more severe positive psychotic symptoms, more depressive symptoms, greater risk of suicide,
and more frequent hospitalizations (Buhler et al. 2002;
Farris et al. 2003; Margolese et al. 2004; Pencer and Addington 2003; Potkin et al. 2003). Substance use may influence prognosis, at least in part, by increasing the likelihood of treatment nonadherence (Coldham et al. 2002;
Hunt et al. 2002). In addition, substance use disorders in
themselves are associated with increased risk of suicide
and functional impairments and so may be additive to the
symptomatic and functional consequences of the psychotic disorder. Importantly, drugs of abuse have brain
toxicity that may worsen the severity of the psychotic disorder (Farber and Olney 2003; McCann and Ricaurte
2004; Olney et al. 2002; Voruganti et al. 2001).
Evidence shows that cannabis use in particular may increase vulnerability to and severity of schizophrenia. Cannabis use is associated with an estimated twofold increase in
risk for developing schizophrenia (Arseneault et al. 2004)
and has been found to be associated with poor prognostic
features, including early age at onset (Bersani et al. 2002;
Veen et al. 2004). Cannabis use is associated with acute exacerbation of psychosis and may be associated with more
frequent hospitalizations, poorer psychosocial functioning,
and more severe psychopathology (Caspari 1999; van Os et
al. 2002). Cannabis most likely increases risk of psychosis
and worsens disease course directly, perhaps through effects on brain dopamine or other neurotransmitter systems
(Voruganti et al. 2001), although (as is true with substance
use generally) it is uncertain whether the association of cannabis use and outcome is causal or is mediated by other associated factors (Arseneault et al. 2004).
As discussed earlier, there is a consistent finding of
substantially better prognosis for individuals with schizophrenic psychotic disorders in developing countries than
in developed countries, perhaps because of some social or
cultural factors that may improve prognosis (Jablensky
2000; Leff et al. 1992). Greater social support and less severe life stressors are proposed explanations. The availability of family support is associated with better longterm clinical and functional outcomes in first-episode patients (Salokangas 1997). Stressful life events may be as-

sociated with increased relapse risk in individuals with
schizophrenia (Pallanti et al. 1997; Ventura et al. 1989),
with effect of stress on dopamine and glutamate systems
in the brain a theorized mechanism (Moghaddam 2002).

EFFECT OF TREATMENT ON PROGNOSIS
Although antipsychotic drugs are an effective treatment of
psychosis, debate continues over whether the introduction
of antipsychotics has affected the course and ultimate
prognosis of schizophrenic psychotic disorders. The evidence that addresses this issue includes comparisons of
outcomes before and after the availability of antipsychotics, clinical studies that examined the effect of maintenance
antipsychotic treatment on outcome, and studies that
examined the relation of duration of psychosis before first
treatment initiation to outcome. This body of research
provides indirect support for the notion that antipsychotic
medications may positively influence prognosis.
Figure 16–4 shows the long-term outcome of firstepisode (first treatment contact) patients from prospective or follow-back studies conducted prior to the introduction of antipsychotics and in the postantipsychotic era.
Only studies of a first-episode cohort in which at least
75% of the subjects could be followed up are included.
The included studies used different strategies and assessment measures, but all attempted to classify patients as
having 1) “good” outcome, defined as minimal or no
symptoms and reasonably productive social and vocational function; 2) “poor” outcome, defined as significant
residual symptoms and poor social and vocational function; or 3) “fair” outcome, defined as intermediate between these two extremes.
The studies shown in Figure 16–4 point to a general
improvement in long-term outcome since the introduction of antipsychotics. Before the availability of antipsychotics, the long-term prognosis of patients was poor for
about half of all patients, whereas a quarter to a third of the
patients in cohorts studied after the introduction of antipsychotics had poor outcome. The very early studies may
not be comparable to studies done later for many reasons,
including advancements in clinical assessment methodology, differences in diagnostic systems, and cultural and
other health care system differences. These differences
may well have biased the earlier studies toward cohorts of
more severely ill patients, so this comparison is not conclusive. Supporting the observation of improved prognosis
since the introduction of antipsychotics is an analysis of
outcomes from a cohort of patients that bridged the introduction of antipsychotics. This study found that patients
who received antipsychotics for their first psychotic episode 1) were more likely to have a complete remission than
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were those who had their first episode before antipsychotics were available (27.9% vs. 14.6%) and 2) generally
had less severe psychopathology at long-term follow-up
(mean=22 years) (Huber et al. 1980).
Epidemiological outcome studies generally do not report the relation of sustained recovery from a first psychotic episode and maintenance antipsychotic treatment
(Harrison et al. 2001; Lee et al. 1998; Shepherd et al.
1989; Wiersma et al. 1998). Studies do report that antipsychotic use is associated with reduced likelihood of relapse after recovery from a first episode (Crow et al. 1986;
Kane et al. 1982; Robinson et al. 1999). Recurrent episodes early in the course of illness are associated with increased likelihood of developing chronic residual positive
and negative symptoms, suggesting that relapse may be
related to risk of chronicity (Rabiner et al. 1986; Wiersma
et al. 1998). In the 15-year follow-up of nine diverse sites
from the World Health Organization International Pilot
Study of Schizophrenia, the strongest predictor of longterm outcome was the amount of time the patient was psychotic in the first 2 years after illness onset (Harrison et
al. 2001). Together, these findings support the notion that
relapse prevention through maintenance antipsychotic
use may improve long-term outcomes.
There is good evidence that the shorter the duration of
the first episode of psychosis prior to initiating antipsychotics, the greater the level of symptomatic and functional
recovery (Perkins et al. 2005). The relation of duration of
initial untreated psychosis and outcome is independent of
premorbid function or mode of onset. Thus, antipsychotic
medication may affect a progressive pathological process.
As discussed earlier, available treatments, including
antipsychotics, may positively affect prognosis. In addition to a general effect of antipsychotics on outcome, some
medication treatments may offer greater clinical benefits.
Clozapine clearly improves the outcome of a substantial
proportion of very ill patients (Chakos et al. 2001) and
also may reduce risk of suicide (Meltzer et al. 2003). A
consensus is emerging that second-generation antipsychotics may offer greater benefits than the first-generation antipsychotics by reducing relapse risk (Csernansky
et al. 2002; Dolder et al. 2003; Leucht et al. 2003), improving neurocognitive function (Keefe et al. 2004), and
perhaps leading to greater reduction in psychopathology
severity (Davis et al. 2003).
Finally, convincing evidence now suggests that specific psychotherapies, including family psychoeducation,
other cognitive therapies directed at reducing severity of
psychotic experiences, and therapies directed at improving antipsychotic treatment adherence, may improve
symptomatic and functional outcome (Pilling et al. 2002).

GENETIC PROGNOSTIC FACTORS
The heterogeneity in outcome is theorized to be related to
both environmental and genetic factors. Although the
genetic basis of schizophrenia is not known, several genes
have been associated with the disorder (see Chapter 3,
“Genetics,” in this volume). Some of these associated genes
may in fact influence disease severity. For example, a polymorphism of the gene that codes for an enzyme involved
in the metabolism of dopamine, catechol-O-methyltransferase, is associated with more severe symptoms in some
(Herken and Erdal 2001; Inada et al. 2003; Strous et al.
2003) but not all (Tsai et al. 2004) studies. Similarly, a
genetic alteration in the gene that codes for the N-methylD-aspartate receptor 2A subunit, involved in glutamate
neurotransmission, has been associated with more severe
symptoms (Itokawa et al. 2003). These associations are
clearly speculative, but the hope is that future research will
lead to an understanding of the genetic basis of schizophrenia, including genetic factors that affect prognosis.

CONCLUSION
The course of schizophrenia is highly heterogeneous,
with outcomes ranging from complete recovery to chronic
incapacity. Numerous factors are associated with outcome, and several treatment interventions may increase
the likelihood of sustained recovery. First, antipsychotic
treatment and other interventions should occur as close to
psychosis onset as is possible. Second, long-term maintenance treatment is also associated with sustained recovery.
Not every patient will require maintenance antipsychotic
treatment to remain in recovery, but it is not currently
possible to discern reliably those individuals who will have
a benign course from those who will have a more severe
course. Prevention of recurrent episodes is likely to be
critical to preventing disease progression (Lieberman
1999). Finally, individual, group, and family interventions
may enhance functional recovery, reduce the risk of suicide,
and also reduce the severity of residual symptoms. Identification and treatment of comorbid substance use disorders also may reduce the risk of relapse and chronicity.
Although even more speculative, optimal prenatal care
that includes appropriate vitamin supplementation and
minimization of pre- and perinatal complications, including maternal infectious disease, gestational diabetes, and
obstetrical complications, may influence disease risk as
well as disease severity.
These strategies are not proven to ultimately affect
disease course but are still clearly indicated in the optimal
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treatment of schizophrenia; however, such strategies may
not be available because of limited resources and concerns
over treatment costs. Treatment strategies that affect
prognosis will likely prove to be cost-effective, given the
tremendous economic and social burden posed by disabling symptoms.
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Pharmacological treatments are an essential component of
a comprehensive approach to the treatment of schizophrenia. Rational pharmacotherapies can contribute greatly to
symptom relief and to a broader psychosocial recovery for
affected individuals. However, antipsychotic drugs do not
cure schizophrenia. Moreover, if not used judiciously, drug
therapies can create significant financial, side-effect, and
medical morbidity burdens that may hinder progress toward personal and treatment goals. Importantly, evidencebased plans of care should be individualized and should integrate both appropriate pharmacotherapies and psychosocial interventions (Lehman et al. 2004a).
In this chapter, we discuss drugs commonly used in the
treatment of schizophrenia. The goal of pharmacological
treatment of schizophrenia is to minimize symptoms and
functional impairments to allow individuals to pursue personal goals as best as possible. Antipsychotic drugs are
commonly used to treat positive symptoms, such as hallucinations, delusions, and disorganized speech and behavior, and negative symptoms, including anhedonia, avolition, alogia, affective flattening, and social withdrawal.
Antipsychotic drugs are also used to treat behavioral disturbances such as aggression and hostility and to reduce
anxiety and suicidal behaviors. Anxiolytics, antidepressants,

and mood-stabilizing drugs are often used as adjunctive
treatments for mood symptoms. Because cognitive impairments are common in schizophrenia and are related to
functional outcomes, cognitive functioning is now an important focus of research and a possible target of pharmacotherapies; however, there are neither U.S. Food and
Drug Administration (FDA)–approved nor commonly
used drugs available for this purpose in schizophrenia.
In the following sections, we describe common features
of all antipsychotic drugs, then features of first- and secondgeneration drugs, and finally specific information about
distinguishing features of the drugs. Contentious views of
the drugs’ features are driven by fierce market competition among pharmaceutical companies for a global market
for antipsychotic drugs valued at $12.2 billion in 2003
(IMS Health Inc. 2004). Common side effects of antipsychotic drugs are discussed in more detail in a later section
of this chapter (see subsection “Common Side Effects”).

ANTIPSYCHOTIC DRUGS
Modern drug treatment for schizophrenia dates to the
early 1950s, when Deniker and Delay reported the anti-
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psychotic effects of chlorpromazine (Healy 2002). Chlorpromazine was introduced in the United States in 1954,
followed over the next three decades by several drugs, including fluphenazine, haloperidol, perphenazine, and
thioridazine, with similar therapeutic effects. All of these
so-called first-generation antipsychotics block postsynaptic dopamine receptors in the brain, with the dopamine
blockade in frontal cortical and limbic regions thought to
account for the antipsychotic effect. The first-generation
antipsychotics also interact with other neurotransmitter
systems that are thought primarily to cause side effects
rather than the desired antipsychotic effect.
Antipsychotic medicines ameliorate psychotic symptoms such as hallucinations, delusions, and disorganized
speech or behavior. The drugs reduce the intensity of the
symptoms, shorten exacerbations of illness, and reduce
the risk of relapse. An early landmark study led by the U.S.
National Institute of Mental Health (NIMH) found that
approximately 60% of the subjects who received firstgeneration antipsychotic drugs, as compared with 20% of
placebo-treated subjects, had a nearly complete resolution
of acute positive symptoms during a 6-week trial (Guttmacher 1964). Only 8% of the medication-treated subjects showed no improvement or worsening, whereas almost half of the placebo-treated subjects did not improve
or worsened. Positive and negative symptoms improved
with antipsychotic treatment, but positive symptoms responded to a greater degree and more consistently than
did negative symptoms. Subsequent research showed that
patients with schizophrenia who achieve remission and
then consistently take antipsychotic drugs are about three
times less likely to relapse than patients who do not take
the medicines consistently (Hogarty et al. 1976).
The introduction of a second generation of antipsychotic drugs began with clozapine in 1990. Clozapine was
approved by the FDA after it was shown to have greater
efficacy than chlorpromazine in patients with refractory
symptoms. In the critical study of clozapine in treatmentresistant patients, 30% of the clozapine-treated patients
met positive symptom response criteria compared with
only 4% of the chlorpromazine-treated patients (Kane et
al. 1988a). However, clozapine’s significant risk of agranulocytosis and other life-threatening side effects greatly
limited its use.
Clozapine’s unique pharmacological profile, with prominent effects on neurotransmitter receptors other than
dopamine and a different side-effect profile from that of
the chlorpromazine-like drugs, led to the development
and introduction of a second generation of drugs with
pharmacological similarities to clozapine. These drugs, including risperidone, olanzapine, quetiapine, ziprasidone,
and aripiprazole, attempted to mimic clozapine’s superior

effectiveness without its risk of agranulocytosis. Like the
first generation of drugs, second-generation antipsychotics also affect postsynaptic dopamine receptors, but other
pharmacological actions are thought to influence significantly their therapeutic effects as well as their side effects.
There is no consensus definition of second-generation or
atypical antipsychotic drugs, but antagonism of central serotoninergic receptors and perhaps relatively loose binding to dopamine2 (D2) receptors are thought to be key features in their actions. A purported distinguishing feature of
second-generation antipsychotics is that they produce
fewer extrapyramidal side effects (EPS) (e.g., akathisia,
parkinsonian symptoms, dystonia) than the first-generation or typical drugs at recommended antipsychotic doses.

FIRST-GENERATION OR TYPICAL ANTIPSYCHOTICS
First-generation antipsychotic drugs share the same presumed mechanism of action (blockade of dopamine receptors) and do not appear to differ in efficacy. Their side effects tend to vary according to drug potency. Highpotency drugs have a stronger affinity for dopamine receptors than low-potency drugs; lower dosages of the highpotency drugs achieve the same antipsychotic effect as
higher dosages of low-potency drugs (Table 17–1). The
drugs’ different effects on dopamine receptors and on
other neurotransmitter systems determine their pharmacological actions and side effects. High-potency drugs
(e.g., haloperidol and fluphenazine) have a high risk of
EPS, moderate risk of sedation, and low risk of anticholinergic (e.g., dry mouth, constipation, blurred vision) and
antiadrenergic (e.g., orthostatic hypotension) effects.
Low-potency drugs (e.g., chlorpromazine and thioridazine) have a lower risk of EPS, high risk of sedation,
and high risk of anticholinergic and antiadrenergic side
effects. Medium-potency drugs (e.g., loxapine, molindone, perphenazine, and thiothixine) tend to have a moderate risk of these common side effects. Side-effect profiles of commonly used antipsychotic medications are
summarized in Table 17–2.
Chlorpromazine, a low-potency first-generation antipsychotic, has been available since 1954. It is effective in
treating schizophrenic psychopathology but is associated
with substantial weight gain, sedation, orthostatic hypotension, anticholinergic side effects, and modest EPS
when used at currently recommended doses. Perphenazine, a mid-potency first-generation antipsychotic, has
been available since 1958. It is effective in treating schizophrenic psychopathology but is associated with moderate
hypotension and EPS when used at currently recommended
doses. Haloperidol, a high-potency first-generation antipsychotic, has been available since 1967. Widely used,
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Oral antipsychotic medications in common use

Antipsychotic medication

Recommended
dosage range
(mg/day)a

Chlorpromazine
equivalents
(mg/day)b

Half-life
(hours)c

Potencyd

First-generation agents
Chlorpromazine

300–1,000

100

6

L

Mesoridazine

150–400

50

36

L

Thioridazine

300–800

100

24

L

Loxapine

30–100

10

4

M

Molindone

30–100

10

24

M

Thiothixene

15–50

5

34

M

Perphenazine

16–64

10

10

M

Trifluoperazine

15–50

5

24

M

Fluphenazine

5–20

2

33

H

Haloperidol

5–20

2

21

H

Second-generation agents
Clozapine

150–600

12

Risperidone

2–8

24

Olanzapine

10–30

33

Quetiapine

300–750

6

Ziprasidone

120–160

7

Aripiprazole

10–30

75

Note. L =low potency; M=medium potency; H=high potency.
a
Dose range recommendations are adapted from the 2003 Schizophrenia Patient Outcomes Research Team recommendations (Lehman et al. 2004a).
In persons experiencing a first episode of psychosis, lower doses may be adequate. The upper dose recommendations for quetiapine and ziprasidone
may not incorporate these drugs’ full therapeutic range.
b
Chlorpromazine equivalents represent the approximate dose equivalent to 100 mg of chlorpromazine (relative potency). Chlorpromazine equivalents
are used only with first-generation antipsychotics.
c
The half-life of a drug is the amount of time required for the plasma drug concentration to decrease by one-half. The half-life of a drug does not
include the half-life of its active metabolites.
d
Relative potency classifications are used only with first-generation antipsychotics.
Source. Adapted from Lehman et al. 2004b.

haloperidol is effective in reducing schizophrenic psychopathology and in reducing acutely agitated behaviors. It is
associated with severe EPS but with little sedation, orthostatic hypotension, and weight gain and few anticholinergic side effects. Haloperidol’s short-acting injections are
commonly used in emergency situations when rapid effects are needed, whereas a long-acting haloperidol formulation is used when patients have trouble regularly taking oral antipsychotic medications.

FDA, are clozapine, risperidone, olanzapine, quetiapine,
ziprasidone, and aripiprazole. Summary information about
each of the second-generation antipsychotics follows. As
would be expected, drugs that have been available for clinical use for a longer time have been the subject of more
research studies and have better-known patterns of side
effects, both short- and long-term.

SECOND-GENERATION OR
ATYPICAL ANTIPSYCHOTICS

Clozapine was approved for use in the United States in
1990, despite a significant risk of the potentially lethal side
effect agranulocytosis, because of its unique efficacy in
patients with symptoms that were resistant to treatment.
The key study in its approval by the FDA, conducted by

Second-generation antipsychotics available in the United
States as of 2004, listed in order of their approval by the

Clozapine

Medication
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Selected side effects of commonly used antipsychotic medications
EPS

Prolactin
elevation

Weight
gain

Glucose
Lipid
QTc
abnormalities abnormalities prolongation

Sedation

Hypotension

Anticholinergic
side effects

Chlorpromazine

+

+?

+++

+?

+?

+?

+++

+++

+++

Perphenazine

++

+

+?

+?

+?

0

+

+

0

Haloperidol

+++

++

+

0

0

0

++

0

0

0

0

+++

+++

+++

0

+++

+++

+++

Risperidone

+

+++

++

++

++

+

+

+

0

Olanzapine

Clozapine

a

b

c

0

+++

+++

+++

0

+++

+

+

+

0

++

++

++

0

+++

++

++

e

+

+

0

0

0

+

0

0

0

e,f

+

0

0

0

0

0

+

0

0

Quetiapine

Ziprasidone

Aripiprazole

Note. EPS =extrapyramidal side effects (includes akathisia, dystonias, and implied risk of tardive dyskinesia; TD=tardive dyskinisia; 0=no risk or rarely causes side effects at therapeutic dose; +=mild or
occasionally causes side effects at therapeutic dose; ++=sometimes causes side effects at therapeutic dose; +++=frequently causes side effects at therapeutic dose; ?=data too limited to rate with confidence.
a
Clozapine also causes agranulocytosis, seizures, and myocarditis.
b
Possible exception of akathisia.
c
Discrepant results for risperidone and quetiapine regarding glucose and lipid abnormalities.
d
Quetiapine also carries warning about potential development of cataracts.
e
Because ziprasidone and aripiprazole are relatively new drugs, there are limited long-term data on side effects.
f
Aripiprazole also causes nausea and headache.
Source. Adapted from Lehman et al. 2004b and American Diabetes Association, American Psychiatric Association, American Association of Clinical Endocrinologists, et al. 2004.
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Kane and colleagues (1988b), entered 268 patients with
treatment-resistant schizophrenia into a trial comparing
clozapine and chlorpromazine. Treatment resistance was
defined as having failed to respond to at least three prior
antipsychotics, with no period of good functioning in the
past 5 years, then having no response to haloperidol in a 6week lead-in trial. After 6 weeks of double-blind treatment, 30% of the clozapine-treated group but only 4% of
the chlorpromazine-treated group met a priori response
criteria. Response was defined as a reduction greater than
20% from baseline in the Brief Psychiatric Rating Scale
(BPRS) total score plus either a posttreatment Clinical
Global Impression (CGI) score of 3 (mild) or less or a posttreatment BPRS total score of 35 or lower (also representing a mild level of psychiatric symptoms).
A later meta-analysis of randomized, double-blind trials comparing clozapine with a typical antipsychotic drug
in patients with treatment-refractory schizophrenia showed
an advantage for clozapine with regard to total psychopathology, categorical response to treatment (the number of
patients who met a cutoff point for response), extrapyramidal symptoms, tardive dyskinesia (TD), and study completion rates (Chakos et al. 2001). Clozapine-treated patients were 2.5 times more likely to respond than were
those receiving first-generation drugs (Chakos et al. 2001).
Furthermore, clozapine has been found effective in reducing suicidal behaviors in patients with schizophrenia or
schizoaffective disorder at high risk for suicide (Meltzer et
al. 2003) and in reducing hostility and aggression among
patients with treatment-resistant symptoms (Chengappa
et al. 2002; Citrome et al. 2001).
Unfortunately, 0.5%–1% of patients develop clozapine-induced agranulocytosis (Alvir et al. 1993), and this
risk has limited clozapine’s use. In addition to agranulocytosis, seizures occur in up to 2% of patients, and a small
but increased risk of myocarditis or cardiomyopathy is
seen. Common side effects of clozapine include sedation,
hypotension, and tachycardia (Table 17–2). Furthermore,
clozapine is associated with substantial weight gain and a
higher risk of glucose and lipid abnormalities compared
with most other antipsychotic drugs (American Diabetes
Association et al. 2004). Nevertheless, because of its efficacy in reducing refractory positive symptoms, with virtually no acute EPS or TD, clozapine represents a unique
and important treatment option for severely ill patients
for whom adequate medical supervision is available. Furthermore, the success of clozapine provided the impetus
for the development of other antipsychotic drugs and
hope for better outcomes.

Risperidone
Risperidone was approved for use in the United States in
1994. Existing evidence suggests that risperidone is at
least equal in efficacy to first-generation antipsychotics in
the treatment of schizophrenic symptoms, with a lower
incidence rate of EPS at recommended dosages (2–8 mg/
day). A meta-analysis of 12 short-term and 2 long-term
trials of risperidone compared with a first-generation
antipsychotic in the treatment of schizophrenia found no
advantage for risperidone in reducing positive or negative
symptoms but found that risperidone caused fewer EPS
(Kennedy et al. 2000). In a trial that compared relapse
rates of stable outpatients randomly assigned to risperidone or haloperidol over a period of more than a year,
patients taking risperidone were significantly less likely to
relapse than were patients taking haloperidol (34% vs.
60% in a Kaplan-Meier analysis) (Csernansky et al. 2002).
Risperidone may also have advantages over haloperidol in
improving neurocognitive functioning (Bilder et al. 2002).
In comparison to other second-generation antipsychotics
in the treatment of global schizophrenic psychopathology, risperidone is similarly effective (Conley and Mahmoud 2001; Mullen et al. 2001; Tran et al. 1997b).
Common side effects of risperidone are summarized
in Table 17–2. At typical dosages (2–8 mg/day), risperidone has a low risk of EPS, but this risk increases at higher
doses. Risperidone frequently causes serum prolactin elevation and sometimes causes weight gain, glucose abnormalities, and lipid abnormalities. Risperidone occasionally
causes orthostatic hypotension. A long-acting, injectable
microsphere formulation of risperidone for injection became available in 2003 to help enhance treatment adherence.

Olanzapine
The FDA approved olanzapine in 1996 for the treatment
of schizophrenia. In acute treatment studies, olanzapine is
effective in reducing positive and negative symptoms.
Olanzapine is at least as effective as first-generation antipsychotics and other second-generation antipsychotics
other than clozapine in reducing global psychopathology,
positive symptoms, and negative symptoms and in improving neurocognitive functioning. In some but not all
studies, olanzapine had advantages over other treatments
(Conley and Mahmoud 2001; Tollefson et al. 1997, 2001;
Tran et al. 1997a, 1997b).
Common side effects of olanzapine are summarized
in Table 17–2. Olanzapine frequently causes sedation and
weight gain at therapeutic doses and is thought to cause
more glucose and lipid abnormalities than do first-generation antipsychotics and other second-generation anti-
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psychotics except clozapine (American Diabetes Association et al. 2004). Olanzapine does not increase prolactin
levels. Compared with first-generation antipsychotics,
olanzapine is less likely to cause EPS.

Quetiapine
Quetiapine was approved for the treatment of schizophrenia in the United States in 1998. Two meta-analyses have
shown quetiapine to have efficacy similar to that of haloperidol in treating symptoms of schizophrenia (Davis et
al. 2003; Leucht et al. 1999). Because of a half-life of only
6 hours, doses of quetiapine should be given two or three
times daily, although a small study suggested that oncedaily dosing may be feasible (Chengappa et al. 2003). At
recommended dosages, quetiapine causes no elevation in
prolactin levels and little or no EPS (Table 17–2). It often
causes sedation and sometimes causes hypotension, weight
gain, and lipid and glucose abnormalities. Because of its
sedative properties, quetiapine is sometimes selected for
patients with prominent insomnia.

Aripiprazole
Aripiprazole was approved by the FDA for treatment of
schizophrenia in 2002. Unlike all other approved antipsychotics, aripiprazole has partial agonist activity at dopamine D2 receptors. This has the theoretical advantage of
agonist activity when dopamine levels are relatively low
and antagonist activity when dopamine levels are high
(Lieberman 2004).
Of the common antipsychotic side effects (Table 17–2),
aripiprazole is associated with only occasional or mild sedation. It is very rarely associated with weight gain, glucose or lipid abnormalities, or hypotension. Aripiprazole
sometimes causes an akathisia-like syndrome, but it rarely
causes other forms of EPS. Headache, insomnia, and nausea early in treatment are relatively more common for
aripiprazole than for other antipsychotics.

COMMON SIDE EFFECTS: MONITORING AND
MANAGEMENT RECOMMENDATIONS
Extrapyramidal Side Effects

Ziprasidone
The FDA approved ziprasidone in 2001 for the treatment
of schizophrenia. With a half-life of 7 hours, it is recommended as a twice-daily drug. Administration with food
enhances absorption. Ziprasidone causes little or no weight
gain, a feature that distinguishes it from most other antipsychotics. Unlike other first- and second-generation
antipsychotics, it very rarely causes sedation. Ziprasidone
rarely causes EPS (except possibly akathisia). It is rarely
associated with glucose or lipid abnormalities but sometimes causes prolactin elevations (Table 17–2).
Approval of ziprasidone was delayed by the FDA in
1998 because of clinical trial data that showed that it delayed cardiac repolarization, as measured by the QTc interval on electrocardiograms (ECGs). Because QTc
prolongation is associated with torsades de pointes, a potentially fatal ventricular arrhythmia, additional safety
data were required. Ziprasidone was approved when it was
shown that 4,000 patients had been treated in clinical trials
with ziprasidone without evidence of torsades de pointes or
sudden death. The FDA issued a warning about QTc prolongation and instructed prescribers to avoid coadministration with other QTc-prolonging drugs and to avoid
prescribing ziprasidone to other patients with histories of
or at significant risk for cardiac arrhythmias. The FDA
did not, however, require pretreatment ECGs. Clinical
use over several years now indicates that ziprasidone can
be safely used with current labeling related to QTc prolongation and that metabolic inhibitors of ziprasidone do
not further increase QTc (Harrigan et al. 2004).

Antipsychotic-induced EPS may occur acutely or after
long-term treatment. First-generation antipsychotics, in
particular high-potency neuroleptics, are more likely than
second-generation antipsychotics to cause EPS when the
drugs are used at usual therapeutic doses. However, as can
be noted in Table 17–2, considerable variation in the incidence of EPS is seen among both the first-generation
antipsychotics and the second-generation antipsychotics.
Common acute EPS include akathisia, parkinsonism, and
dystonia. Importantly, each of these side effects often
responds to medication treatment (Table 17–3). Each type
of acute EPS has a characteristic time of onset. Akathisia
typically occurs a few hours to days after medication
administration, dystonia within the first few days, and
parkinsonism within a few days to weeks after starting a
new drug or after a dosage increase (Casey 1993).
Akathisia, a subjective feeling of restlessness
accompanied by restless movements, usually in the legs or
feet, is the most common form of EPS. Severe akathisia
can be diagnosed when frequent pacing, restless foot
movements, or an inability of patients to sit still is present.
This condition must be differentiated from psychotic agitation, which is often a response to disturbing hallucinations or delusions, but also may represent hostility related
to acute psychosis or increased motor activity associated
with excited catatonia. Patients who experience milder
akathisia may not have any evidence of increased motor
activity but may experience an unpleasant sensation of
restlessness subjectively similar to anxiety. Patients should

Akathisia.
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Selected medications for treating extrapyramidal side effects
Dosage
(mg/day)

Generic name
Benztropine mesylatea

Elimination
half-life
(hours)

Targeted EPS

0.5–6.0

24

Akathisia, dystonia, parkinsonism

1–15

4

Akathisia, dystonia, parkinsonism

Amantadine

100–300

10–14

Propranolol

30–90

3–4

Akathisia

1–6

12

Akathisia

1–3

20–50

Akathisia

25–50

4–8

Trihexyphenidyl hydrochloride

Lorazepam

a

Clonazepam
Diphenhydramine

a

Akathisia, parkinsonism

Akathisia, dystonia, parkinsonism

a

Available in oral and parenteral forms.
Source. Adapted from Lehman et al. 2004b.

be closely monitored for akathisia when starting a new antipsychotic drug or when the dosage is increased. Severe,
unrelenting akathisia has been associated with an increased risk of suicidal behaviors. If symptoms of schizophrenia are adequately treated, lowering the antipsychotic
dose is a feasible first approach to reduce akathisia. Another common approach is to change to an antipsychotic
less likely to cause akathisia (e.g., a second-generation
antipsychotic). Drug treatments for akathisia include
β-blockers, anticholinergic agents, or benzodiazepines
(Table 17–3). Evidence from controlled trials is inadequate to compare the efficacy of the various treatments for
akathisia.
Drug-induced parkinsonism (pseudoparkinsonism). Drug-induced parkinsonism (pseudoparkinsonism)

may include the classic Parkinson’s disease symptoms of
tremor, muscular rigidity, and a decrease in spontaneous
movements (bradykinesia), as well as cognitive slowing
and apathy. Milder forms of parkinsonism may include
decreased expressive gestures, decreased facial expressiveness, or diminished arm swing. Recognition and management of parkinsonism are important because it is frequently associated with poor adherence to antipsychotic
medication regimens (Perkins 2002; Robinson et al. 2002).
The initial approach to parkinsonian side effects is to lower
the dose of antipsychotic if feasible. Common drug treatments for parkinsonism include anticholinergic medications, as seen in Table 17–3. Another common approach is
to change to an antipsychotic less likely to cause parkinsonism (e.g., a second-generation antipsychotic).
Dystonias are intermittent or sustained muscular spasms and abnormal postures affecting mainly the
musculature of the head and neck but sometimes the trunk

Dystonias.

and lower extremities. Common forms of dystonia include abnormal positioning of the neck (torticollis), impaired swallowing (dysphagia), hypertonic or enlarged
tongue, and deviations of the eyes (oculogyric crisis).
These reactions usually appear within the first few days of
treatment with antipsychotic drugs and sometimes occur
within minutes to hours. These reactions can be painful
and dramatic. They occur most commonly with highpotency first-generation antipsychotics, particularly
when they are given in substantial doses (e.g., haloperidol
5–10 mg) to drug-naïve patients. For this reason, prophylactic treatment with benztropine 1–2 mg is recommended if starting high-potency first-generation antipsychotics at these substantial doses, which may be required
in emergency situations. Acute dystonic reactions are
treated with diphenhydramine 25–50 mg or benztropine
1–2 mg. Usually, these treatments are given intramuscularly to provide rapid relief for the considerable discomfort of dystonias.
Neuroleptic malignant syndrome. Neuroleptic malignant syndrome (NMS), another neurological side effect, is
characterized by rigidity, hyperthermia, mental status
changes, and autonomic instability. NMS has a lifetime
incidence of approximately 0.2% among antipsychotic
users (Caroff 2003). Hyperthermia and severe muscle rigidity may lead to rhabdomyolysis and renal failure. Serum levels of creatine kinase may rise dramatically. Risk
factors for NMS include rapid dose escalation of highpotency first-generation antipsychotics, parenteral administration, and underlying neurological impairment.
NMS is probably less common with second- than with
first-generation drugs, but the incidence with first-generation antipsychotics may be decreasing because lower
doses than in the past are now commonly used.
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NMS may be fatal if untreated. Treatment includes
discontinuation of the antipsychotic and supportive care.
Temperature reduction by cooling blankets if necessary
and correction of fluid imbalances are crucial. The dopamine agonist bromocriptine (2.5 mg every 8 hours) has
been shown to reduce NMS duration and mortality. The
muscle relaxant dantrolene (1–2.5 mg/kg intravenously
every 6 hours) is also commonly used, although there is no
strong evidence of its effectiveness. Electroconvulsive
therapy is indicated if catatonia related to NMS persists or
response is otherwise inadequate with drugs and supportive care. If NMS occurs, need for an antipsychotic medication should be carefully assessed before antipsychotic
treatment is resumed. When another trial of an antipsychotic drug is attempted, second-generation antipsychotics (in particular, clozapine) are preferred. A rechallenge
should begin with low doses and slow titration.

not include clozapine, but clozapine-induced TD is
thought to be extremely rare. Nor did the review include
low- or medium-potency antipsychotics, which cause fewer
acute EPS than haloperidol and may thus have a lower risk
of TD. Risk factors for TD include increased age, female
gender, higher dosages of antipsychotics, and longer periods of treatment.
Treatment of TD has largely been unsuccessful, but
some data from controlled trials (Adler et al. 1993) suggest that the antioxidant vitamin E may be useful in less
chronic cases. Second-generation antipsychotics (in particular, clozapine) have been used to treat TD, but there
have been no methodologically rigorous trials to support
this practice. The recommended clinical approach is to
use the lowest possible dose of antipsychotic that is effective and to consider changing to a medication with lower
risk of TD (i.e., a second-generation antipsychotic) if TD
is an important concern.

Tardive dyskinesia and other tardive syndromes.

Tardive dyskinesia and other tardive (late-onset) syndromes are
involuntary, repetitive, purposeless, hyperkinetic, abnormal movements of the mouth, face and tongue, trunk, and
extremities that occur during or following the cessation
of long-term antipsychotic drug therapy. According to
DSM-IV-TR (American Psychiatric Association 2000)
diagnostic criteria, the abnormal movements should be
present for at least 4 weeks, and patients should have been
exposed to an antipsychotic for at least 3 months. The
onset of the abnormal movements should occur either
while the patient is receiving an antipsychotic or within
4 weeks of discontinuing an oral or 8 weeks after the withdrawal of a long-acting injectable antipsychotic. Oralfacial movements occur in about three-fourths of TD
patients and can include lip smacking, sucking, puckering,
and grimacing. Other movements include irregular movements of the limbs, particularly choreoathetoid-like
movements of the fingers and toes and slow, writhing
movements of the trunk. When severe, TD is disfiguring.
In addition to TD, tardive dystonias and tardive akathisia
have been described.
Tardive dyskinesia occurs at the rate of 4%–5% per
year in the adult, nongeriatric population taking a firstgeneration antipsychotic (Glazer et al. 1993; Kane et al.
1985; Morgenstern and Glazer 1993). The risk may be five
to six times higher in the elderly, with some data suggesting
that as many as 29% of elderly patients will develop TD
each year (Jeste et al. 1999). A systematic review of 1-year
studies involving second-generation antipsychotics found a
lower risk of TD in patients taking second-generation antipsychotics (annual risk=2.1%) than in patients taking the
high-potency first-generation antipsychotic haloperidol
(annual risk=5.2%) (Correll et al. 2004). This review did

Guidelines from the Mount Sinai
Conference on Medical Monitoring (Marder et al. 2004)
recommend an assessment of EPS prior to starting an
antipsychotic and at weekly intervals until the dose has
been stabilized for at least 2 weeks. Although the secondgeneration antipsychotics are associated with a reduced
risk of EPS, it is not uncommon for patients receiving
these drugs—with the possible exception of clozapine—to
experience mild akathisia or rigidity.
The examination for EPS includes observing patients
for restlessness movements and inquiring if the patient
feels restless. Asking patients if they are having difficulty
sitting still can be helpful. Parkinsonism is evaluated by
observing the patient’s gait and examining for rigidity in
the elbow and wrist. Dystonias usually present as urgent
events reported by patients.
Regular monitoring for TD should be a component of
management strategies with antipsychotics. The Mount
Sinai guidelines (Marder et al. 2004) recommend examining patients for TD before starting an antipsychotic and
at 6-month intervals for first-generation antipsychotics
and yearly for second-generation antipsychotics. Patients
who are at high risk, including the elderly and those who
are sensitive to EPS, should be examined every 6 months.
The Abnormal Involuntary Movement Scale (AIMS;
1988) provides instructions for examining patients as well
as means for recording the results of the examination.

Monitoring for EPS.

Metabolic Effects
In 2004, a joint panel of the American Diabetes Association, American Psychiatric Association, A merican Association of Clinical Endocrinologists, and the North Amer-
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Suggested monitoring protocol for patients taking second-generation antipsychotics
Baseline

4 weeks

8 weeks 12 weeks

Quarterly

Annually

Personal or family history

X

Weight (body mass index)

X

Waist circumference

X

X

X

Blood pressure

X

X

X

Fasting plasma glucose

X

X

X

Fasting lipid profile

X

X

Every
5 years

X
X

X

X

X

X

Note. More frequent assessments may be warranted based on clinical status.
Source. American Diabetes Association, American Psychiatric Association, American Association of Clinical Endocrinologists, et al. 2004.

ican Association for the Study of Obesity (2004) issued a
consensus statement asking physicians to screen carefully
and monitor patients who take antipsychotic drugs for
signs of rapid weight gain or other problems that could
lead to diabetes, obesity, and heart disease. Table 17–4
shows the panel’s recommendation for baseline and follow-up monitoring of factors relevant to these issues.
Similarly, at the Mount Sinai Conference on Medical
Monitoring, a group of mental health clinicians and researchers and medical experts who convened to review
data on the metabolic effects of antipsychotics developed
detailed consensus recommendations for approaching
metabolic side effects, which are described in the following subsections (Marder et al. 2004).
Individuals with schizophrenia are more
likely than the population at large to be overweight or
obese (Allison et al. 1999a). Antipsychotics vary in their
association with weight gain. A meta-analysis by Allison et
al. (1999b) estimated the amount of weight gain associated
with moderate doses of several antipsychotics over 10 weeks.
Among the drugs studied, the mean increases were 0.04 kg
with ziprasidone, 0.39 kg with molindone, 0.43 kg with
fluphenazine, 1.13 kg with haloperidol, 2.10 kg with risperidone, 2.58 kg with chlorpromazine, 3.19 kg with
thioridazine, 4.15 kg with olanzapine, and 4.45 kg with
clozapine. These differences in weight gain liabilities have
been confirmed by other studies (Wirshing et al. 1999).
Quetiapine was not included in the study above but is
associated with modest weight gain (American Diabetes
Association et al. 2004). Aripiprazole, also not included in
the study above and for which there are few long-term
data, is associated with little or no weight gain (American
Diabetes Association et al. 2004).
The Mount Sinai consensus recommendation is that
mental health providers should monitor and chart the
body mass index (BMI: weight in kg/height in m2) of every

Weight gain.

patient with schizophrenia, regardless of the antipsychotic medication prescribed (Marder et al. 2004). Individuals with a BMI greater than 25 are at increased risk for
diabetes, heart disease, certain cancers, and other weightassociated disorders. Patients should be weighed at every
visit for the first 6 months following a medication change.
BMI monitoring should be supplemented by measurement and recording of the patient’s waist circumference.
A waist circumference greater than 40 inches for men or
greater than 35 inches for women is a criterion of the metabolic syndrome and places a person at elevated risk for
diabetes. The relative risk of weight gain for the different
antipsychotic medications should be a consideration in
drug selection for patients who have a BMI greater than
25. Interventions for patients who gain weight may include closer monitoring of weight, engagement in a
weight management program, or a change in antipsychotic medication. If a patient is taking a medication that
is associated with a high risk for weight gain, the clinician
should consider switching to medication with less weight
gain liability.
Diabetes. Diabetes is more prevalent in individuals
with schizophrenia than in the general population (Dixon
et al. 2000). This may be related to the high rates of obesity associated with schizophrenia or to a possible association of schizophrenia with insulin resistance (American
Diabetes Association et al. 2004). Other evidence suggests
that antipsychotics have the potential for increasing the
risk of diabetes. This could be either a result of antipsychotic-associated weight gain or a direct effect of antipsychotic drugs on insulin resistance. Most attention has focused on the second-generation antipsychotics, although
it is likely that the first-generation antipsychotics also differ
in their tendencies to cause weight gain and diabetes. As indicated in Table 17–2, the second-generation antipsychotics that are most associated with weight gain—clozapine
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and olanzapine—are also most associated with glucose abnormalities. The FDA, however, issued a warning that all
second-generation antipsychotics increase the risk of hyperglycemia and diabetes (U.S. Food and Drug Administration 2004).
Mental health practitioners should be aware of risk
factors for diabetes and the symptoms of new-onset diabetes (including weight change, polyuria, and polydipsia)
and should inform patients about these symptoms and
monitor for their presence at regular intervals. Furthermore, a baseline measure of glucose should be collected
for all patients before starting a new antipsychotic. A fasting glucose level is preferred, but a hemoglobin A1C level
is sufficient if fasting glucose is not feasible. Patients who
have significant risk factors for diabetes (family history,
BMI>25, waist circumference>35 inches for women and
40 inches for men) should have fasting glucose or hemoglobin A1C levels monitored 4 months after starting an
antipsychotic and then yearly. Patients who are gaining
weight should have fasting glucose or hemoglobin A1C levels monitored every 4 months. Both the Mount Sinai
guidelines (Marder et al. 2004) and the American Diabetes
Association, American Psychiatric Association, American
Association of Clinical Endocrinologists, et al. (2004) recommend measuring fasting blood glucose level before
starting an antipsychotic, 4 months later, and then annually.
Mental health providers should ensure that patients
with diagnosed diabetes are followed up by an appropriate
medical provider. The patient’s psychiatrist and medical
care provider should communicate when medication
changes are instituted that may affect the control of the
patient’s diabetes. If symptoms of diabetes are reported, a
random blood glucose level should be collected, and if the
level is elevated (≥126 if fasting or ≥200 if nonfasting), the
patient should be referred to a medical care provider.
Elevated levels of total cholesterol, lowdensity lipoprotein (LDL) cholesterol, and triglycerides
may, in part, account for the high risk of coronary heart
disease in schizophrenia. Studies of second-generation
antipsychotics indicate that the tendency of these agents
to cause weight gain is also associated with their risk for
worsening serum lipid levels. Table 17–2 summarizes the
associations between antipsychotics and dyslipidemias.
Mental health providers should be aware of the lipid
profiles for all patients with schizophrenia. The National
Cholesterol Education Program (Grundy et al. 2004) and
the U.S. Preventive Services Task Force (2001) guidelines
provide direction for screening and treating patients who
are at high risk for cardiovascular disease. If a lipid panel
is not available, one should be obtained and reviewed. As
noted in Table 17–4, the American Diabetes Association,

Dyslipidemia.

American Psychiatric Association, American Association of
Clinical Endocrinologists, et al. (2004) recommend monitoring lipid levels before medication changes, after 12 weeks,
and then every 5 years. Patients who fulfill criteria for the
metabolic syndrome should be carefully monitored by a
medical care provider.
First-generation antipsychotics and risperidone (as well as sulpiride and amisulpiride) elevate serum
prolactin levels through blockade of dopamine receptors
in the anterior pituitary. Consequences may include
decreased libido, anorgasmia, amenorrhea, galactorrhea,
and gynecomastia. Dopamine receptor antagonists, such
as first-generation antipsychotics, have been associated
with an increased risk of breast cancer, possibly related to
elevated prolactin (Wang et al. 2002). Growing evidence
suggests that high levels of prolactin increase the risk of
osteoporosis by reducing estrogen levels (Abraham et al.
2003; Becker et al. 2003; Meaney et al. 2004). Aripiprazole, which has agonist effects on pituitary dopamine
receptors, can be associated with decreases in serum prolactin levels that are not thought to have clinical significance.
The Mount Sinai guidelines recommend yearly monitoring of patients taking antipsychotics for symptoms of
prolactin elevation, including galactorrhea, decreased libido, or menstrual disturbances in women and decreased
libido or erectile or ejaculatory disturbances in men (Marder et al. 2004). Patients who are receiving an agent that
is associated with prolactin elevation (e.g., first-generation antipsychotics or risperidone) should be asked about
symptoms of prolactin elevation at each visit after starting
the agent until they are receiving a stable dose. If any symptoms of prolactin elevation are present, prolactin should
be measured and, if possible, other medical causes ruled
out. Consideration also should be given to a medication
change to a prolactin-sparing antipsychotic. If, after a
change in antipsychotic, the signs and symptoms disappear and the prolactin level declines to normal, an endocrine workup is not needed. For patients with symptomatic antipsychotic-induced hyperprolactinemia, hormone
replacement therapy (estrogen/progestogen for women
and testosterone in men) is considered the first choice for
medication treatment (Miller 2004). As a last resort, treatment with a dopamine agonist (e.g., cabergoline or bromocriptine) may effectively lower prolactin levels, but
psychotic exacerbation is a risk warranting careful monitoring.

Prolactin.

Other Side Effects
Antipsychotics can also cause varying amounts of sedation
and postural hypotension, as noted in Table 17–2. Patients
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should be asked about these side effects at each visit after
starting an antipsychotic until tolerance develops. If the
side effects do not resolve, a change to an antipsychotic
with a lower risk of sedation or hypotension is indicated.
Tachycardia may be a side effect of certain agents, particularly clozapine. In addition, mental health providers
are often in the best position to diagnose hypertension.
Blood pressure and pulse also should be monitored at each
visit after starting an antipsychotic until the dosage is stable. Thereafter, pulse and blood pressure should be measured at least every 6 months.
Neuroleptic dysphoria, an unpleasant subjective response
to antipsychotic medicines, is associated with poor adherence to antipsychotic medication regimens (Perkins 2002;
Van Putten et al. 1984; Weiden et al. 1989). Because neuroleptic dysphoria has been associated with akathisia and
parkinsonism, it may be more common with first-generation antipsychotics than with second-generation antipsychotics (Perkins 2002).

MAINTENANCE TREATMENT EFFECTS AND
RELAPSE PREVENTION
Many studies have reported that maintenance antipsychotic treatment for schizophrenia that has responded to
antipsychotic medication reduces symptom relapse and
rehospitalization (Davis 1975; Kane and Lieberman 1987).
A reasonable estimate, based on controlled clinical trials
of drug discontinuation, is that stopping antipsychotics
after 1 year of maintenance treatment will result in relapse
in about two-thirds of patients, whereas only one-third of
the patients who continue to take antipsychotic medicines
will relapse. Hogarty and colleagues (1976) found a
relapse rate of 66% within 1 year of treatment discontinuation even among patients who had been successfully
maintained in the community for 2–3 years with antipsychotic drugs. First-episode patients who meet symptom
response criteria may have lower relapse rates. During the
year following initial recovery, a relapse rate of 40% has
been reported for patients taking placebo as compared
with 0% for patients taking medication (Kane et al. 1982).
Furthermore, Robinson and colleagues (1999a) showed
that discontinuing drug therapy increased the risk of
relapse almost five times in a sample of patients with firstepisode schizophrenia or schizoaffective disorder over
several years of follow-up.
The benefits of maintenance antipsychotic drug treatment are tempered by the risk of long-term side effects,
such as the development of TD as well as obesity, diabetes, hyperlipidemias, and other factors associated with
heart disease. Use of low doses of antipsychotic drugs has

intuitive appeal for minimizing side-effect risk. However,
maintenance studies of the dose–response relation for up
to 1 year of continuous antipsychotic drug treatment indicated that standard drug doses (fluphenazine decanoate,
12.5–50 mg biweekly; haloperidol decanoate, 50–200 mg
monthly) provide significantly greater prophylaxis against
relapse than do doses of one-half to one-tenth as much
(Hogarty et al. 1988; Johnson et al. 1987; Kane et al. 1983,
1986; Marder et al. 1987; Schooler 1993). A targeted approach that involves slowly titrating stabilized patients off
medication with reintroduction of the medication when
signs or symptoms of imminent relapse occur has not
been found to reduce the risk of TD and is associated with
risks of symptom exacerbation and relapse (Carpenter et
al. 1990; Gaebel et al. 1993; Herz et al. 1991; Jolley et al.
1990; Schooler 1993). The Schizophrenia Patient Outcomes Research Team (Lehman et al. 2004a) and the American Psychiatric Association “Practice Guideline for the
Treatment of Patients With Schizophrenia” (Lehman et
al. 2004b) recommend continuous maintenance treatment for all patients with chronic schizophrenia. Targeted, intermittent therapy is acceptable only for patients
who cannot tolerate or will not accept continuous antipsychotic treatment.

COMPARATIVE EFFECTIVENESS OF FIRST- AND
SECOND-GENERATION ANTIPSYCHOTICS
The second-generation antipsychotics were developed
with the hope that they would lead to improved outcomes
for individuals with schizophrenia, in part by reducing
negative symptoms and the burden of extrapyramidal side
effects. Although advantages for clozapine have been shown
in many studies, it remains unclear whether the newer
second-generation drugs have significant advantages in
effectiveness and side-effect profiles over first-generation
antipsychotics when they are prescribed at appropriate
doses. A meta-analysis by Geddes and colleagues (2000)
showed a modest advantage for second-generation antipsychotics in efficacy and EPS as compared with typical
antipsychotics. However, in trials in which the mean dose
of the drug compared with the second-generation antipsychotic drug was less than the equivalent of 12 mg of
haloperidol, an advantage for second-generation drugs
with regard to extrapyramidal symptoms remained, but
no difference in overall efficacy was found between firstand second-generation antipsychotic drugs. Other metaanalyses (Davis et al. 2003; Leucht et al. 1999, 2003) support the notion that some second-generation antipsychotics may have advantages in short-term efficacy and relapse
prevention over 1 year.
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TA BL E 1 7 – 5.

Long-acting antipsychotic drugs
How supplied

Half-life
(days)

Starting dose
(mg)

Second dose
(mg)

Maintenance
dose (mg)

12.5 im

12.5–25
(6–14 days later)

12.5–50 im
every 2–3 weeks

21

50 im

50–100
(3–28 days later)

50–200 im
every 3–4 weeks

3–6

25 im

25–50
(2 weeks later)

25–50 im
every 2 weeks

Fluphenazine decanoate 25 mg/mL or
100 mg/mL
Haloperidol decanoate

50 mg/mL or
100 mg/mL

Risperidone
microspheres

Prepared packages
of 25, 37.5, and
50 mg

Note.

im=intramuscularly.

According to exhaustive reviews conducted by the
Schizophrenia Patient Outcomes Research Team (PORT)
on evidence available through 2003, there is no clear evidence that supports the use of SGAs over FGAs for either
acute or maintenance treatment of schizophrenia when
considering positive and negative symptom efficacy alone
(Lehman et al. 2004a).
Long-term trials with SGAs may yet demonstrate
greater effectiveness in the maintenance treatment of
schizophrenia compared with FGAs, as measured by reduced rates of relapse, improved social reintegration, and
decreased risk of tardive dyskinesia. However, a multicenter, NIMH-funded trial (the Clinical Antipsychotic
Trials of Intervention Effectiveness: Schizophrenia Trial)
designed to determine the longer-term (18-month) effectiveness and tolerability of the SGAs relative to each other
and to a representative FGA in chronic schizophrenia
found no substantial advantages of the newer agents as
compared with perphenazine with regard to symptom reduction or EPS (Lieberman et al. 2005). It is unclear at
present whether advantages of SGAs in other symptom
domains, such as cognitive functioning, will emerge.

LONG-ACTING INJECTABLE (DEPOT)
ANTIPSYCHOTIC MEDICATIONS
Long-acting injectable antipsychotics, also known as depot
antipsychotics, are commonly thought to have important
advantages over oral medications in some situations. The
primary reason long-acting formulations are used is to
improve adherence with treatment regimens; thus, they
are recommended for individuals who do not regularly
take medications or who are expected not to do so. Another
purported advantage is less fluctuation in drug levels than
with oral medications, which is thought to lower the incidence of side effects (Ereshefsky et al. 1990). Other advantages are a clear knowledge of an individual’s treatment adherence because of the need for injections and
improved surveillance for missed medicine doses. An-

other possible advantage is increased contact with caregivers because injections are needed every 2–4 weeks instead of the typical monthly or less frequent appointment
schedules. Disadvantages are that some patients do not
like regular injections, the injections can be painful, and
the requirement for regular injections can be inconvenient for clinicians as well as patients. Table 17–5 contains
summary information on the long-acting injectable antipsychotics available in the United States.
The evidence to support any advantages of depot antipsychotics over oral antipsychotics is limited. Randomized controlled trials comparing oral with depot neuroleptics have been extremely rare. One well-designed study
was a random-assignment, double-blind study that compared oral and depot fluphenazine for schizophrenia over
1 year (Schooler et al. 1980). Eligible participants were recruited from among newly hospitalized patients intended
to represent “the broad range of schizophrenic patients.”
Eligibility for the study was explicitly “not based on prior
illness, presumed prognosis, or prior medication-taking
behavior.” There was no fixed dosage ratio of oral fluphenazine and fluphenazine decanoate; oral and depot
forms of fluphenazine were allowed to vary according to
clinical judgment. No reports from this study identified
significant differences between the two treatments on relapse, symptoms, or social adjustment.
Rifkin et al. (1977) compared oral fluphenazine, depot
fluphenazine, and placebo in a 1-year study of 175 remitted patients with schizophrenia. They found that both active medicines were more effective than placebo in preventing relapse, but they found no differences between
the depot and the oral agents. With regard to side effects,
they found markedly more side effects with fluphenazine
decanoate than with oral fluphenazine. The authors speculated that this was in part a result of overly high doses of
fluphenazine decanoate relative to oral fluphenazine.
Hogarty and others (1979) compared randomly assigned oral fluphenazine and fluphenazine decanoate to
105 persons with schizophrenia in the context of high and
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low degrees of social therapy over 2 years. In the first year,
they found no differences in relapse rates (oral fluphenazine = 39.5%, fluphenazine decanoate=35.1%) and no effect of social therapy. When they examined relapse rates
from month 2 to 24, the difference in relapse rates was
large (oral fluphenazine=60.8%, fluphenazine decanoate
= 35.6%) but not statistically significant.
A randomized study of the effect of various dosages of
haloperidol found that the highest dosage studied, 200 mg
intramuscularly every 4 weeks, was associated with a lower
rate of symptom exacerbations (15%) over 1 year than
were lower dosages (Kane et al. 2002). Surprisingly, this
study found little increase in side effects or subjective discomfort for persons taking 100 mg or 50 mg monthly.
The long-acting injectable formulation of risperidone
was approved by the FDA in 2003 and is efficacious in reducing psychotic symptoms (Kane et al. 2003). In the
Kane et al. study, patients taking the highest recommended
dosage (50 mg every 2 weeks) were significantly more likely
to require anticholinergic medicines for EPS than were
patients taking 25 mg every 2 weeks or placebo. To date,
no published data have compared this first depot secondgeneration antipsychotic with any depot first-generation
antipsychotic.

IMPLEMENTING AND MONITORING
ANTIPSYCHOTIC DRUG TREATMENT
DOSING
Recommended dose ranges for commonly used oral antipsychotics appear in Table 17–1. Few data support the
usefulness of doses beyond the range of 300–1,000 mg/
day of chlorpromazine or the equivalent dose of other
antipsychotics. Large doses of chlorpromazine daily (e.g.,
2,000 mg or more) or equivalent doses of other firstgeneration antipsychotics are not associated with greater
efficacy (Bjorndal et al. 1980; Ericksen et al. 1978;
McCreadie and MacDonald 1977; Neborsky et al. 1981;
Quitkin et al. 1975) but can lead to a greater incidence of
side effects. Some reports of positive results with high
doses of olanzapine have not been confirmed in rigorous
studies (Conley et al. 2003; Sheitman et al. 1997). The
administration of large parenteral doses of antipsychotics
within a 24-hour period (“rapid neuroleptization”) has
not shown any gains in efficacy over standard treatment
and is not a recommended strategy (Lehman et al. 2004a).
During the treatment of an acute episode of schizophrenia, antipsychotic drugs usually have a therapeutic
effect within 1–3 weeks, with most gains in the first 6–8
weeks (Davis et al. 1989). Some patients, however, may re-

quire several months to achieve a full clinical response and
symptom remission. This also applies to first-episode
patients, whose symptoms typically respond relatively rapidly to modest doses of antipsychotic medications (Lieberman 1993). When patients’ symptoms do not respond to a
standard course of treatment, clinicians generally increase
the dose, switch to another antipsychotic drug, or maintain
the initial treatment for an extended period. Little evidence
from controlled clinical trials supports the efficacy of any of
these strategies (Kinon et al. 1993; Levinson et al. 1990;
Rifkin et al. 1991; Van Putten et al. 1990; Volavka et al.
1992), although an individual patient may show a better response to one particular drug than to another (Gardos
1974). Another common approach, also without strong evidence for effectiveness, is simultaneous use of more than
one antipsychotic. This strategy, known as antipsychotic
polypharmacy, is discussed later in this chapter (see section
“Antipsychotic Polypharmacy” later in this chapter).

ROUTE OF ADMINISTRATION
Oral pills are the most commonly used form of antipsychotic medication and are suitable for most patients in
most situations. Liquids and dissolvable tablets are useful
for patients who cannot or will not swallow pills or who
prefer this form. Short-acting injections that are rapidly
active are available for emergency treatment of agitated,
psychotic patients or others in need of rapid decreases in
symptoms or dangerous behavior.
Long-acting injections are recommended for patients
with frequent relapses on oral medications, poor adherence to oral medication regimens, or a preference for injections (Lehman et al. 2004a). Despite limited evidence
from well-conducted clinical trials, this recommendation
is supported by the experience of clinicians who believe
that long-acting injections work well for patients who
cannot or will not consistently take oral medications and
that adherence with injectable regimens is easier to monitor than with oral regimens.

IMPLEMENTING CLOZAPINE TREATMENT
A complete blood count with differential should be obtained before starting clozapine to make sure the patient
is not granulocytopenic (white blood cell count<3,000/
mm3). General and cardiovascular health should be assessed because of the side effects of orthostatic hypotension and tachycardia and the rare occurrence of lifethreatening cardiovascular side effects. The initial dosage
should be 12.5–25 mg once or twice daily. Increases
should be made gradually (increase by 25–50 mg/day)
because risks of sedation, hypotension, and seizures are
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higher with rapid dose escalation. The target dosage is
300–800 mg/day. The minimum effective dose should be
used. If response is inadequate once 600 mg/day is
reached, a blood level should be obtained because there
appears to be a therapeutic threshold of about 350 ng/mL.
If this level has not been obtained, slow upward titration
of the clozapine dosage to 800 mg/day is recommended.
One important drug interaction is with selective serotonin reuptake inhibitors and other drugs that are metabolized by the cytochrome P450 2D6 isozyme (e.g., fluoxetine, fluvoxamine), which can lead to significant increases
in clozapine plasma levels.
To limit the risk of agranulocytosis, a complete blood
count must be repeated weekly for the first 6 months and
biweekly after that. Clozapine should not be given if the
white blood cell count declines below 2,000/mm3 or the
absolute neutrophil count declines below 1,000/mm3.
Drugs known to suppress bone marrow function (e.g.,
carbamazepine) should not be used with clozapine.
There is no clear consensus on how to monitor for
myocarditis. However, because the risk appears greatest
in the first 2 months of clozapine therapy, at some centers,
serum creatine kinase levels and ECGs are obtained before treatment and every 2 weeks during these first 2 months.
Patients should be monitored carefully for chest discomfort, shortness of breath, or unusual fatigue during this
time. A conservative approach is to discontinue clozapine
if any signs or symptoms of myocarditis develop early in
treatment. Clozapine should be stopped if substantial evidence of a new cardiac problem is found early in treatment, but if signs and symptoms are nonspecific, then a
cardiology consultation may be helpful in determining
the diagnosis and may prevent unnecessary discontinuation of this very useful medication.
Because clozapine is the best available drug treatment
for refractory symptoms, a trial should last 8–12 weeks at
an effective dosage. Clinical benefits may continue to accrue for up to 12 months. If effective, clozapine should be
continued as a maintenance treatment. But because of its
side effects and the need for continued white blood cell
monitoring, if clozapine does not offer advantages over
previous treatments, then it should be slowly discontinued after 6 months of treatment and replaced with a new
or previously helpful treatment.

TREATMENT TARGETS: RESPONSE CRITERIA
Although drugs classified as antipsychotics may have a
wide range of therapeutic effects, the primary standard of
efficacy has been the reduction of positive psychotic
symptoms such as delusions, hallucinations, and disorganization. Antipsychotic drugs that have been approved by

regulatory agencies are all superior to placebo in reducing
positive psychotic symptoms. Antipsychotic drugs also
reduce negative symptoms (i.e., affective flattening, alogia, and avolition), but the magnitude of the effect is
smaller than the effect on positive symptoms (Leucht et
al. 1999), and any effect on residual negative symptoms or
the deficit syndrome is small (Carpenter 1996; Kirkpatrick et al. 2000). The clearest types of negative symptoms that can be reduced with antipsychotic medicines
are those secondary to positive symptoms, such as social
withdrawal and avoidance due to delusions or paranoia
(Carpenter et al. 1988). As positive symptoms decrease in
response to antipsychotic drugs, the secondary negative
symptoms also diminish.
Because cognitive impairments are common in schizophrenia and have been shown to relate more strongly to
functional outcomes than to positive symptom severity,
cognitive functioning is now an important focus of research and a possible target of pharmacotherapies (Green
1996; Harvey et al. 1998). The cognitive domains under
study include learning and secondary memory, motor
function, verbal fluency, attention, and executive functioning. Second-generation antipsychotic drugs may have
advantages over first-generation antipsychotics in terms
of neurocognitive functioning as a result of either fewer
neurocognitive adverse effects or direct, positive therapeutic effects (Kinon and Lieberman 1996). Evidence for
this remains inconclusive.

FACTORS INFLUENCING ANTIPSYCHOTIC RESPONSE
Significant efforts are under way to identify factors that
may be associated with antipsychotic treatment refractoriness because preventive measures may offer more hope
than new drugs. For example, a delay in treatment of the
first episode of schizophrenia (Addington et al. 2004;
Loebel et al. 1992) and in the treatment of acute exacerbations (May et al. 1976; Wyatt 1995) is associated with poorer
clinical outcomes. Robinson and colleagues (1999b)
reported that 87% of their sample of first-episode patients
with schizophrenia or schizoaffective disorder responded
to treatment within 1 year. Male gender, a history of
obstetric complications, poorer attention at baseline, more
severe hallucinations and delusions, and the development
of EPS during antipsychotic treatment were associated
with a significantly lower likelihood of response.

OTHER PHARMACOLOGICAL
TREATMENTS
Because antipsychotic medications often fail to resolve the
full range of schizophrenic psychopathology and other
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common symptoms (e.g., anxiety, depression, mood instability, motor unrest), adjunctive treatments are commonly
tried. Adjunctive pharmacological treatments in patients
with schizophrenia have been the subject of numerous reviews (Christison et al. 1991; Donaldson et al. 1983;
Farmer and Blewett 1993; Johns and Thompson 1995;
Lehman et al. 2004b; Lindenmayer 1995; Meltzer 1992;
Rifkin 1993; Siris 1993). In addition, some psychotropic
medications other than antipsychotics have been used
alone to treat schizophrenia. Below we summarize information on the use of anxiolytics/hypnotics, antidepressants, mood stabilizers, and dopamine agonists to treat either symptoms of schizophrenia or common comorbid
conditions.

ANTIANXIETY OR HYPNOTIC DRUGS
Benzodiazepines have been prescribed for patients with
schizophrenia since the early 1960s, but there has been little recent systematic research in this area. This lack of
research may be due to the potential for dependency and
reluctance to prescribe these agents to patients with
comorbid substance abuse or substance use disorders. In
addition, reports indicate that benzodiazepines may result
in a “disinhibiting” (Karson et al. 1982) or worsening of
psychopathology in some patients (Wolkowitz and Pickar
1991).
Carpenter and colleagues (1999) studied whether diazepam could help to prevent a psychotic relapse when
given for symptoms thought to be prodromal of an impending psychotic exacerbation. In their double-blind,
randomized clinical trial of 53 patients with schizophrenia, they compared diazepam with placebo and with fluphenazine and found that diazepam was superior to placebo and comparable to fluphenazine in preventing a
psychotic relapse.
Few studies in the literature have rigorously tested the
use of benzodiazepines to treat nonpsychotic symptoms
common in people with schizophrenia. Nevertheless,
some evidence suggests that schizophrenia patients with
anxiety, depression, hostility, irritability, and motor unrest
may benefit from benzodiazepines (Wolkowitz and Pickar
1991). A very small study that examined benzodiazepine
response among six anxious schizophrenia patients under
double-blind conditions over 12 weeks concluded that
some patients from this subgroup may experience reduced
anxiety with a benzodiazepine used adjunctively to antipsychotics (Kellner et al. 1975). Although benzodiazepines are frequently used as hypnotic agents in clinical
practice, no controlled studies have established their effi-

cacy in patients with schizophrenia. At a minimum, the
benzodiazepines appear to be a useful adjunct to antipsychotics in the treatment of agitation or anxiety in patients
with schizophrenia.

ANTIDEPRESSANTS
Antidepressants do not appear to be effective as an adjunctive treatment for positive psychotic symptoms (Siris et al.
1978) and may worsen symptoms in persons who are
acutely psychotic (Plasky 1991). The efficacy of antidepressants for negative symptoms of schizophrenia has
been examined in several studies but the effect, if any, is
modest (Berk et al. 2001; Lee et al. 1998; Silver and Nassar 1992; Silver et al. 2000).
Because secondary or postpsychotic depression among
patients with schizophrenia is common, antidepressants
are widely used to treat depression among persons with
schizophrenia, although the evidence for the effectiveness
of this strategy is modest. In a review of six double-blind,
placebo-controlled studies that used tricyclic antidepressants in addition to an antipsychotic, two reported a significant reduction in depression (Plasky 1991). These two
studies involved patients whose acute psychosis was under
control, suggesting that adjunctive antidepressant treatment may be most successful for the treatment of depression when an acute psychotic episode has stabilized. However, in two studies of acutely psychotic patients, the
antidepressants appeared to have resulted in a worsening
of the psychosis (Plasky 1991). Subsequent research has
supported the use of antidepressants for schizophrenic
patients with depression whose psychotic symptoms have
stabilized (Hogarty et al. 1995; Siris et al. 1994). Definitive conclusions cannot be drawn about antidepressant use
for schizophrenia patients with depression, however, because few methodologically rigorous studies are available.
Nevertheless, adjunctive antidepressant treatment is warranted when a patient reports persistent symptoms of depression when he or she is not in an acute episode of illness.
Important practical issues must be considered when
antidepressants are used in combination with clozapine.
Selective serotonin reuptake inhibitors—in particular,
fluvoxamine, fluoxetine, and sertraline—inhibit the metabolism of clozapine and can cause large increases in clozapine levels that are potentially toxic. Serum clozapine
levels and side effects, particularly anticholinergic side effects, should be monitored when using the combination
of selective serotonin reuptake inhibitors and clozapine.
Because bupropion and clozapine both increase the risk of
seizures, this combination is not recommended.
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LITHIUM
Lithium has been used as monotherapy and as an adjunct
to antipsychotics in the treatment of schizophrenia (AtreVaidya and Taylor 1989; Christison et al. 1991). Antipsychotics are superior to lithium as a treatment for acute
psychosis in schizophrenic patients, although some patients may improve while taking lithium alone (AtreVaidya and Taylor 1989). There is no convincing evidence
of the efficacy of lithium as an adjunctive agent to antipsychotics for schizophrenia. However, because of reports
of benefit in some treatment-refractory patients, a trial of
lithium should be considered if a patient has not adequately responded or was unable to tolerate a secondgeneration agent (e.g., clozapine). When concern about
potentially toxic interactions between an antipsychotic and
lithium was investigated (Cohen and Cohen 1974), little
evidence supporting this association was found (Rifkin
1993).

ANTICONVULSANTS
Carbamazepine
Leucht and colleagues (2002) reviewed eight studies that
compared carbamazepine plus antipsychotics with placebo plus antipsychotics in the treatment of schizophrenia. They concluded that carbamazepine should not be
recommended for routine clinical use for treatment of
schizophrenia or augmentation of antipsychotic treatment of schizophrenia. The review qualified that conclusion by indicating that a trial of carbamazepine may be
warranted for those with a history of response to carbamazepine or for patients with associated electroencephalogram abnormalities.
For the subpopulation of aggressive, agitated patients,
some evidence supports carbamazepine as an adjunctive
agent to antipsychotics in the treatment of schizophrenia.
Because of carbamazepine’s ability to upregulate hepatic
enzymes, plasma antipsychotic levels may be lowered
when carbamazepine is used. If antipsychotic efficacy is
lost, antipsychotic levels can be checked, or the dosage can
be increased (Christison et al. 1991). Because of carbamazepine’s risk of bone marrow toxicity, including agranulocytosis, it should not be used in combination with clozapine.

and colleagues (1976) found that the combination of valproate with an antipsychotic was superior to an antipsychotic alone in reducing global psychopathology in a double-blind, crossover study of 32 patients with dyskinesias.
In a small 21-day double-blind, randomized, placebocontrolled study of valproate as adjunctive treatment to
haloperidol in 12 hospitalized patients with acute exacerbations of chronic schizophrenia, Wassef et al. (2000)
found that the valproate group showed greater improvements than the placebo group on measures of psychopathology. Casey et al. (2003) conducted a 28-day doubleblind, randomized controlled trial of 249 patients with
schizophrenia that compared combination therapy of
divalproex and risperidone or olanzapine with risperidone
or olanzapine monotherapy and found faster improvement in psychopathology with combination therapy.
Although the differences in psychopathology were not
significant at the end of the 28 days, fewer combination
therapy patients dropped out of the study compared with
monotherapy patients (10% vs. 20%). Definitive conclusions on the efficacy of valproate for the long-term treatment of schizophrenia are premature, however. Although
valproate is sometimes used as an adjunctive treatment for
treatment-refractory patients, no strong evidence supports this use (Conley et al. 2003).

DOPAMINE AGONISTS
Dopamine agonists have been associated with an exacerbation of psychotic symptoms in schizophrenic patients,
but they also have been used as a treatment for negative
symptoms. The strategy of using dopamine agonists for
negative symptoms is consistent with the hypothesis that
a hypodopaminergic state may be their cause (Carpenter
1995; Lynch 1992). L-Dopa, bromocriptine, and dextroamphetamine all have been studied in relatively small trials with only inconsistent and modest effects (Brambilla et
al. 1979; Christison et al. 1991; Gattaz et al. 1989; Gerlach and Luhdorf 1975; Inanaga et al. 1975).
Dopamine agonists have been insufficiently studied to
draw definitive conclusions, but they may represent an
underused class of medication for the treatment of negative symptoms. Clinicians are understandably hesitant to
use these agents because of the risk of exacerbating symptoms, even though this risk may be small if patients are
given maintenance antipsychotics (Perovich et al. 1989).

Valproate
Valproate (the active component of valproic acid and
divalproex) is widely used as an adjunctive treatment for
schizophrenia, but evidence supporting its use as a maintenance treatment is limited (Citrome 2003). Linnoila

GLUTAMATERGIC AGENTS
Because phencyclidine inhibits the neurotransmission of
glutamate through N-methyl-D -aspartate (NMDA) receptors (i.e., is an NMDA antagonist) and has been shown
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to produce a syndrome similar to schizophrenic psychosis,
it was hypothesized that reduced glutamate activity (possibly through NMDA receptor hypofunction) caused the
symptoms of schizophrenia (Anis et al. 1983; Javitt and
Zukin 1991; Luby et al. 1959). The potential therapeutic
effects of three glutamatergic agents on schizophrenia
have been studied to date: glycine (Heresco-Levy et al.
1996; Javitt et al. 1994), D-cycloserine (Goff et al. 1995,
1999a, 1999b; Rosse et al. 1996), and D-serine (Tsai et al.
1998, 1999).
Each of the three agents showed some benefit as an
adjunctive treatment for psychotic symptoms when dosed
appropriately, except when used with clozapine. Although
dosing challenges with glycine and D-cycloserine may
make them impractical for clinical use, studies of these
compounds provide strong support for a role of glutamate
in the pathophysiology of schizophrenia and further the
understanding of the pharmacological mechanism of
clozapine. D-Serine is the most promising agent in this
group according to current findings. Investigators hope
that this line of research will lead to improved symptom
reduction for patients with schizophrenia and clues for
the development of other novel therapeutic agents.

ANTIPSYCHOTIC POLYPHARMACY
Although antipsychotic polypharmacy is a common treatment strategy, little evidence supports its use (Covell et al.
2002; Freudenreich and Goff 2002; A.L. Miller and Craig
2002; Weissman 2002). However, augmenting clozapine
with other antipsychotics has some support in the literature. Part of the rationale for combined therapy is the use
of agents with higher D2 receptor potency than that of
clozapine, which has a relatively low affinity for and fast
dissociation constant at this receptor type (Chong et al.
2000; Kapur and Seeman 2000, 2001; Shiloh et al. 1997).
Shiloh and colleagues, in a double-blind, placebo-controlled study, evaluated the effectiveness of sulpiride, a
selective D2 antagonist, as an add-on to clozapine. They
found that clozapine-treated patients who received concomitant sulpiride (600 mg) had significant improvement
in both positive and negative symptoms as compared with
those who received placebo (Shiloh et al. 1997). This finding has had further support from case reports of sulpiride
combined with clozapine (Stubbs et al. 2000) and sulpiride combined with other atypical antipsychotics (Raskin
et al. 2000).
Similarly, risperidone, an atypical antipsychotic with
relatively high D2 receptor potency, has been found to improve symptoms in clozapine-treated patients. An investigation of the effect of risperidone as an add-on to clo-
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zapine in an open 4-week trial involving 12 patients found
that 10 of the 12 patients had a 20% or greater reduction
in the BPRS score (Henderson and Goff 1996). A placebo-controlled trial involving 40 patients has added evidence to support the addition of risperidone to clozapine
in patients who are nonresponsive or only partially responsive to clozapine alone (Josiassen et al. 2005). This
study found greater reduction in overall symptoms and in
positive and negative symptoms in patients taking risperidone and clozapine compared with those taking placebo
and clozapine.
Case reports and case series have used clozapine with
loxapine (Mowerman and Siris 1996), pimozide (Friedman et al. 1997), and olanzapine (Gupta et al. 1998), but,
again, controlled trials are lacking. Case series also have
investigated the combination of clozapine with quetiapine
(Reinstein et al. 1999) or with ziprasidone (Kaye 2003)
and have shown a reduced need for clozapine (as reflected
by lower clozapine dose following addition of the second
antipsychotic) and a reduced clozapine side-effect burden,
but these findings must be considered preliminary.
In summary, concomitant use of another antipsychotic, particularly one with relatively higher D2 receptor
potency, with clozapine in patients with persistent symptoms may offer some benefit, but controlled trials are
needed to verify the observations of open trials (Freudenreich and Goff 2002). This verification is important
given the potential adverse effects of antipsychotic polypharmacy, as has been reported for risperidone combined
with clozapine (Chong et al. 1997; Henderson et al. 2001;
Kontaxakis et al. 2002).
Aside from the clozapine literature, no controlled studies have examined the use of two or more antipsychotics
in the treatment of refractory schizophrenia. Still, antipsychotic polypharmacy is common, and anecdotal evidence suggests that in some patients, combined use of antipsychotics may improve symptoms as compared with
antipsychotic monotherapy. A small case series has been
published suggesting that combined treatment with risperidone and olanzapine shows benefit in treatmentrefractory patients (Lerner et al. 2000). Similarly, a case
series found clinical improvement in olanzapine-treated
patients after the addition of sulpiride (Raskin et al. 2000),
an observation congruent with the clozapine literature.
We recommend clozapine monotherapy prior to any adjunctive pharmacotherapy or antipsychotic polypharmacy
for the treatment of schizophrenia. Unfortunately, in the
event of clozapine refusal or intolerance, few data are
available to guide the use of specific antipsychotic combinations.
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Major advances in the treatment of schizophrenia were
heralded by the development of antipsychotic drugs in the
1950s and 1960s, which are clearly effective for the treatment of acute symptomatology and the prevention of relapse (Lauriello et al. 2003). However, long-term followup studies have consistently shown that the great majority
of persons with schizophrenia continue to be plagued by
residual psychotic symptoms, cognitive deficits, and other
psychosocial problems, and only a small percentage of patients with schizophrenia recover completely.
Antipsychotic medications, including the new generation of antipsychotics, reduce positive symptoms and, to
some extent, negative symptoms, but medications to date
have had a limited effect on cognitive impairment and social and vocational functioning. For the great majority of
patients, medications help with symptom control but do
not clearly preserve or restore premorbid levels of social
and vocational functioning and do not lead to normal
functioning. Moreover, 20% or more of schizophrenic
patients have psychotic symptoms that do not respond to
antipsychotic medications, and many other patients have
residual symptoms.

As a result of the limited effectiveness of antipsychotics, it is clear that most patients will need psychosocial
therapies to address disabling residual symptoms, impaired social and vocational functioning, or risk of future
relapse (Lauriello et al. 2003). Thus, a pressing need exists
to develop empirically validated psychosocial interventions. This need has been addressed by the resurgence in
research on treatment methods and systems of care for severely mentally ill patients.
In this chapter, we review the current state of key psychosocial interventions designed to augment and complement treatment with medications. Effective psychosocial
treatments should not merely reduce overt psychotic
symptoms or rates of hospitalization but also lead to gains
in cognitive abilities and social skills, quality of life, and
sustained competitive employment; reduction of comorbid substance abuse; and improvements in other domains.
We review the major psychosocial treatment approaches
that have a substantial evidence base. In addition, we
highlight the trend toward optimizing patient preferences
in the choice of treatment modality, including the increasing interest in peer-run or peer-assisted treatment ap-
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proaches. We also highlight the dissemination of evidence-based practices in usual care settings spearheaded
by the “Implementing Evidence-Based Practices for Severe Mental Illness Project” sponsored by the Robert
Wood Johnson Foundation, the Center for Mental
Health Services and Substance Abuse and Mental Health
Services Administration, the National Alliance for the
Mentally Ill, and state and local mental health organizations in several states (Torrey et al. 2001).

INDIVIDUAL PSYCHOTHERAPIES
FOR SCHIZOPHRENIA
Although individual psychodynamic psychotherapy for
schizophrenia has largely been abandoned, a summary of
its role will provide a historical context for the discussion
of other psychosocial treatments. For nearly 60 years, psychodynamically oriented psychotherapists assumed that
the same basic treatment approaches applied to neurotic
spectrum patients could be adapted to patients with severe
psychosis. Case reports appeared to document that some
patients diagnosed with schizophrenia improved with
intensive insight-oriented treatment. In retrospect, some
reports may have involved treatment of psychosis in the
context of either a mood disorder or non-schizophreniaspectrum disorders.
The effectiveness of individual psychodynamic psychotherapy for schizophrenia was tested in two landmark
studies. May (1968) and colleagues sought to show the effectiveness of psychotherapy alone or in combination with
medications. Moderately ill patients with schizophrenia
were divided into five treatment groups: milieu therapy,
individual therapy, antipsychotic treatment, electroconvulsive treatment, or antipsychotic treatment combined
with individual psychotherapy. Antipsychotic treatment
alone or in combination with individual psychotherapy
showed superior response compared with the other
groups. Next in order of effectiveness was electroconvulsive therapy, followed by individual psychotherapy or milieu treatment. Unexpectedly, the combination of antipsychotic medication and individual therapy conferred no
advantage over antipsychotic medication alone. This
study, however, was criticized for using relatively inexperienced therapists and a possibly inadequate dose of weekly
psychotherapy.
Stanton and colleagues (1984) sought to address the
criticisms of the May study by deploying experienced
psychotherapists in more intensive treatment. Psychodynamically oriented psychotherapy was administered three
times a week by experienced therapists and contrasted
with weekly supportive psychotherapy. Both treatment

groups received antipsychotic medications administered
by a psychopharmacologist blind to experimental condition. The intensive psychotherapy conditions showed no
superiority compared with supportive psychotherapy and
were associated with greater attrition, particularly with
more severely symptomatic patients. Even among less
symptomatic patients, the outcome favored the nonpsychodynamic treatment. The results of these studies and
the growing influence of alternative models of psychotherapy have diminished the interest in the psychodynamic
treatment of schizophrenia.
More recent approaches to individual therapy, informed by the “stress-vulnerability” hypothesis of schizophrenia, have received recent study and include individual
personal therapy and cognitive-behavioral therapy (CBT).
These psychotherapies attempt to ameliorate residual psychotic symptoms and prevent relapse by modifying individual patterns of stress and response to the illness.

PERSONAL THERAPY
Hogarty and colleagues (1995), at the University of Pittsburgh, developed personal therapy. They believed that patients with psychotic disorders could benefit by learning to
anticipate and manage their episode-related affective
arousal and sources of stress. Personal therapy was designed to be flexibly administered to follow the pace of the
individual patient’s progress, while maintaining standardization suitable for empirical study. The therapeutic approach used in personal therapy includes stress reduction
and cognitive reframing techniques as well as vocational
rehabilitation principles. Each weekly session of 30–45
minutes involves an approach that is individualized for the
patient’s stage of illness. In the initial phase of therapy, the
focus is on educating the patient about the relation between stress and symptoms. The intermediate phase is designed to help patients develop relaxation and reframing
techniques to reduce stress. The third phase offers patients
an opportunity to use these skills in social and vocational
settings, usually at about 18 months into treatment.
A 3-year trial of personal therapy (Hogarty et al. 1997a,
1997b) contrasted four treatment conditions: personal
therapy, family therapy, supportive therapy, and family
therapy combined with personal therapy. The trial found
that personal therapy was no more effective than the other
therapies in the primary outcome of relapse prevention.
However, personal therapy was superior in social adjustment outcomes, with the greatest benefit occurring during the last 2 years of treatment. The study reported that
only 60% of the patients in the personal therapy condition
were able to progress to the third phase of therapy, in
which skills were tested in real-world settings.

Psychosocial Therapies

COGNITIVE-BEHAVIORAL THERAPY
CBT approaches to schizophrenia draw on previous work
in depression and anxiety disorders. Largely led by investigators in Great Britain, studies have focused on the use
of CBT to address residual psychotic symptoms, whereas
more recent studies have sought to apply CBT to acute
episodes. One approach, coping strategy enhancement, is
used to decrease distress by teaching coping mechanisms
by which the patient can distract himself or herself and
ignore the content of some residual psychotic symptoms.
CBT has been shown to reduce delusions that had persisted approximately 6 months but has had limited ability
to reduce other symptoms or to improve social and vocational functioning (Tarrier et al. 1993).
Other CBT approaches attempt to decrease the severity of delusions by cognitively challenging the veracity of
the delusions (Chadwick et al. 1994). Cognitive challenges are followed by a “behavioral experiment,” which
effectively tests the reality of delusional beliefs. Modifications of this approach have attempted to reduce persistent
hallucinations that had appeared to be more resistant to
CBT. Patients are directed to attend to individual characteristics of the hallucinations and their meaning and thus
begin to see the internal origins of hallucinations (Bentall
et al. 1994).
A study by Kuipers and colleagues (1998) randomized
60 individuals with schizophrenia to either a 9-month
course of CBT plus usual care or usual care alone. Outcomes were assessed at the end of treatment and 9 months
posttreatment. Patients receiving CBT had a significant
reduction in overall symptom scores (29% for CBT group
vs. 2% for control group), delusional distress, and frequency of hallucinations at the end of treatment; these
differences continued to be significant 9 months after
treatment ended.
Another study by Tarrier and colleagues (1998) compared CBT with supportive counseling and routine care
alone and found significant reductions in delusions and
hallucinations in the CBT group. At 12-month follow-up
(Tarrier et al. 1999), CBT was still superior to the other
treatment conditions. However, at 24 months, both CBT
and supportive counseling groups were still superior to
the control condition, but the CBT group had lost its advantage over the supportive therapy condition (Tarrier et
al. 2000). Sensky and colleagues (2000) compared patients
who received routine care in addition to CBT with a befriending intervention of equal intensity. In this study,
both groups showed reduced psychotic symptoms after 9
months of treatment. However, at 9-month follow-up,
symptom reduction was sustained in the CBT group but
not in the comparison condition.
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Psychoeducational medication management training,
cognitive psychotherapy, cognitive therapy addressed to
family members, and standard care were contrasted in
various combinations in a study by Buchkremer and colleagues (1997). The intervention lasted 8 months, with
follow-up assessments at 1 and 2 years. The treatment
group combinations did not show a significant difference
in psychopathological symptoms, compliance, or rehospitalization rates compared with the control group. However, the group that received all three interventions
(psychoeducational medication management training,
cognitive psychotherapy, and cognitive therapy addressed
to family members) showed a trend toward fewer hospitalizations.
Tarrier and colleagues (1993) compared two forms of
CBT: coping strategy enhancement and a problem-solving
intervention for patients with medication-resistant symptoms. Both groups showed reductions in psychotic symptoms, with no significant differences between groups. Unfortunately, the study did not include a control condition,
limiting the interpretability of these findings. Drury and
colleagues (1996) attempted to test the efficacy of CBT in
acute episodes and found that acutely psychotic inpatients
receiving CBT in addition to antipsychotic medication
experienced a significantly faster and more complete remission compared with a control group that spent equal
hours with a therapist doing structured or supportive activities. At 9-month follow-up, the CBT group continued
to report significantly fewer symptoms. One limitation of
this study was that psychopathology measures were rated
by unblinded treatment staff.
A brief CBT-based intervention known as compliance
therapy, targeted at improved adherence to antipsychotic
medication regimens in acutely psychotic inpatients, resulted in significant improvements in compliance, attitudes toward drug treatment, and insight into illness compared with control subjects receiving standard treatment
(Kemp et al. 1996). These gains were still present at 6month follow-up; however, the predicted improvements
in social functioning or symptomatologies were not seen.
To date, CBT has not been shown to improve social or
vocational functioning (Kuipers et al. 1997, 1998) or relapse rates (Tarrier et al. 1998), and studies reporting effects
for negative symptoms generally have not found significant
improvements associated with CBT (Buchkremer et al.
1997; Drury et al. 1996; Tarrier et al. 1998). In fact, patients
with only negative symptoms have been excluded from
CBT trials because of poor response (Garety et al. 2000).
However, Sensky and colleagues (2000), in the study described previously, did find an improvement in negative
symptoms in the CBT group at 9-month follow-up, suggesting that CBT may affect negative symptoms over time.
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ILLNESS MANAGEMENT AND
RECOVERY RESOURCE TOOL KIT
Other individually based approaches to treatment have
focused on improving knowledge about mental illnesses—
so-called psychoeducational programs. These programs
provide information about mental illness, symptoms, the
roles of stress and vulnerability, and approaches to treatment. Mueser and colleagues (2002) reviewed the controlled trials of psychoeducational models and found that
three out of four controlled studies improved knowledge
about mental illness, but only one of these had an appreciable effect on treatment adherence. The authors concluded that psychoeducation should play a role in other
interventions but should not be expected to improve
treatment outcomes without additional interventions.
Mueser and colleagues (2002) also reviewed other
promising approaches to individual treatment and noted
that four complementary approaches have a strong evidence
base: 1) psychoeducational progams increase knowledge
and awareness of illness, 2) behavioral tailoring approaches
reduce behavioral barriers to adherence behaviors, 3) warning sign recognition treatment helps avert relapse, and
4) CBT reduces residual psychotic symptomatology.
Mueser and colleagues combined these four approaches in
a manualized combined intervention termed Illness Management and Recovery. The approach also has been developed into an evidence-based resource tool kit and is being
disseminated as part of the national “Implementing Evidence-Based Practices Project” (see http://www.mentalhealthpractices.org). Although the approach is a logical and
promising one, definitive study of this combined treatment
modality awaits further testing.

FAMILY TREATMENT
Early approaches to family interventions in schizophrenia
tended to view dysfunctional family behavior as causally
related to schizophrenia. It is now widely accepted that
familial dysfunction is largely secondary to the stress of
living with a seriously ill relative. Nevertheless, family stress
and distressed interactions do appear to have a significant
effect on the course of illness. These distressed family
interactions have been defined and referred to as expressed
emotion.
Brown and Rutter (1966) developed the concept of expressed emotion to explain why some hospitalized patients with schizophrenia who had had a good response to
pharmacological treatment relapsed soon after returning
home. The construct of expressed emotion was empirically derived and refers to three related family behaviors:

high frequency of critical comments, hostility, and emotional overinvolvement. Patients with extensive contact
with families with high expressed emotion have been
found to have significantly higher rates of relapse despite
adequate medication compliance (Kavanagh 1992; Leff et
al. 1982). Research on expressed emotion has shown that
it is a significant risk factor for relapse in many psychiatric
and nonpsychiatric illnesses (Kavanagh 1992) and can be
a factor in patient outcome in multiple care settings, social
groups, or stressful treatment approaches (Moore et al.
1992; Snyder et al. 1994).
A more general view of the role of family relationships
and schizophrenia is that persons with a chronic, relapsing
illness tend to manifest exacerbations of illness with continued stress and that illness exacerbation creates stressful
family relationships. Most controlled clinical interventions have documented the effectiveness of various family
interventions for reducing relapse in the index patient
(Leff 1996). Relapse rates for patients with schizophrenia
whose families undergo psychoeducational and stressmodifying family treatment are approximately 24% compared with 64% for routine treatment (Mueser and Glynn
1998), similar to the magnitude of treatment effect seen
with maintenance antipsychotic medication. Interventions that are longer in duration (typically longer than
9 months) appear to provide long-term relapse prevention and have been found to persist for 2 years (Mueser and
Glynn 1998) or longer (Tarrier et al. 1994).
Reduction of high expressed emotion has been hypothesized to be the key ingredient in the efficacy of family interventions. In interventions with families with high
expressed emotion, nonrelapsing patients were more
likely to reside in families that had changed from high to
low expressed emotion during treatment (Falloon et al.
1982; Hogarty et al. 1986; Leff et al. 1982; Tarrier et al.
1988). Critics of these studies pointed out that relatively
few families in these studies were reassessed and that no
clear correlation was found between reductions in expressed emotion and relapse. Critics further argued that a
high expressed emotion status could be a consequence of
relapse itself or patient illness severity and that proving a
causal relation between expressed emotion and relapse required a controlled study, including interim expressed
emotion assessments. Tarrier and colleagues’ (1988) family
study assessed expressed emotion at baseline, 4.5 months,
and 9 months, but the reductions in expressed emotion
found in the relatives in the experimental treatment also
were found in the control condition.
The Treatment Strategies for Schizophrenia Study
(Schooler et al. 1997) was one of the few large-scale studies investigating the efficacy of maintenance medication
treatment combined with family intervention. The study
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found that standard dosing of depot antipsychotics is superior to both placebo and very-low-dose strategies for
relapse prevention and that discontinuing medication and
then restarting it when symptoms first appear is not effective at preventing relapse. The study also showed that
relatively nonintensive multifamily psychoeducational
monthly groups provided equal long-term relapse prevention compared with more intensive family treatment.
These findings suggest the value of engaging families
early in psychoeducational interventions that emphasize
realistic expectations, support, detection of early warning
signs of relapse, and medication compliance (American
Psychiatric Association 1997).
McFarlane and colleagues (1996) studied schizophrenia
patients at high risk for relapse because of histories of
poor compliance, violence, and homelessness. Half of the
patients and families received biweekly multifamily group
treatment, and half received family intervention only during crises. No differences in relapse were seen for the two
treatment groups (27% at 2 years), again suggesting that
more intensive family treatment is not necessarily better.
Family intervention studies also have yielded negative
findings. In a study of adolescent patients early in the illness, Linszen and colleagues (Linszen et al. 1996; Nugter
et al. 1997) found that both the group receiving family
treatment and the control group had equally low (16%–
20%) overall relapse rates at 1 year, although the active
comparison intervention involved a fairly intensive individual treatment approach. Similarly, in Hogarty and colleagues’ (1997b) study of personal therapy, their family
therapy arm offered no advantage over supportive therapy
in preventing relapse, which was relatively low at 29%
over 3 years. Similar to the Linszen study, the supportive
therapy group in this study received enriched services, including biweekly sessions, minimum effective medication
dosage, and case management. These studies illustrate
that these interventions may lack adequate statistical power
if the base relapse rate is low in the population selected or
if the comparison treatment condition is too intensive. In
studies with newer antipsychotic regimens with potentially lower relapse rates (Csernansky et al. 2002), the effects of family intervention may be more difficult to detect.
Family intervention studies also have improved outcomes in family stress, coping, and knowledge of schizophrenia (Barrowclough and Tarrier 1990; Dixon et al.
2001; Falloon et al. 1987; McFarlane et al. 1996; Zhang
and Yan 1993). However, these improved outcomes may
be highly correlated with reduced relapse, suggesting no
independent effect of family intervention on these outcomes. The relation between relapse and social function-

ing has been assessed in two studies (Hogarty et al. 1997a;
Schooler et al. 1997), in which relapsed subjects reentered
their original treatment group once stabilized, and social
functioning was assessed between relapses. Neither study
found an advantage in social functioning for the experimental family treatment group. Interest in family treatment approaches should be stimulated by dissemination
of a “Family Psychoeducation” resource tool kit through
the national “Implementing Evidence-Based Practices
Project” (Dixon et al. 2001).

SOCIAL SKILLS TRAINING
Even with the anticipated development of more efficacious medication regimens, most patients with schizophrenia will likely continue to have residual symptoms,
cognitive impairments, and impaired social skills. Systematic research over the past several decades has sought to
use psychosocial interventions to reduce functional impairments in schizophrenia. These psychiatric rehabilitation interventions draw on concepts from the rehabilitation of physical disabilities and use the principles of
learning theory to improve the person’s social competence and functioning in the domains of self-care, work,
leisure, and family relationships. Social skills training (SST)
is a carefully defined set of interventions specifically targeted toward acquisition of social functioning skills.
There are currently three models of SST:
1. Basic—entails identifying and “overlearning” components of social interactions through repetition, with
the expectation that these repertoires will be incorporated into natural interactions.
2. Social problem solving—attempts to correct deficits in
receptive learning, processing, and sending skills according to the theory that faulty information processing is a key cause of social skills deficits.
3. Cognitive remediation—targets more fundamental cognitive impairments, including attention and planning.
The model was based on the assumption that improving cognitive impairments will support more complex
cognitive processes, leading to improved social skills.

BASIC MODEL
The basic SST model entails breaking down complex
social repertoires into their basic elements, such as eye
contact, speech volume, length of response, questioning,
and other behaviors. Through repetitive practice and
modeling by the therapist, new skills are acquired and
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then developed into a functional repertoire. The patient
uses role-playing to practice integrating the social repertoires with the therapist and peers and is directed to practice in a real-world setting.
This model can be successfully implemented, with acquisition of social skills that persist anywhere between 6
and 12 months (Bellack and Mueser 1993). It is unclear
whether the improvement in these social skills generalizes
to improved symptomatology and reduced relapse rates.
Investigators in Pittsburgh, Pennsylvania (Hogarty et al.
1986, 1991), found that patients receiving an intensive
trial of SST combined with antipsychotic medications had
a significantly lower relapse rate than did a group receiving only medications (30% vs. 46%). These gains persisted at 21 months but not at 24 months. This finding
suggests that SST and other psychosocial interventions
may require booster sessions or ongoing treatment to
maintain a favorable effect.
Although the targeted skills in the basic model of SST
can be acquired, generalization to the patient’s natural
environment has not been clearly shown (Bellack and
Mueser 1993). Development of the social problemsolving model was intended to address these limitations.

SOCIAL PROBLEM-SOLVING MODEL
The social problem-solving model assumes that impairments in information processing underlie the limited social competence present in many patients with schizophrenia. Specific domains of skill acquisition are broken
down into modules on medication management, symptom management, recreation, basic conversation, and selfcare. Patients can be assigned the modules that are the
most salient. It is hoped that greater durability and generalization of social skills will be acquired through emphasis on learning, receiving, processing, and retaining skills.
Marder and colleagues (1996) examined social adjustment
among patients assigned to the problem-solving model
compared with patients assigned to equally intensive supportive therapy and found a small but statistically significant advantage for the problem-solving intervention in
two of six measures of social adjustment after 2 years. In a
study comparing 6 months of treatment with either the
problem-solving group model or equally intensive occupational therapy, Liberman and colleagues (1998) found
that the problem-solving group had superior outcomes in
3 of 10 independent living skills that were maintained up
to 18 months after completing the intervention. In this
study, case managers assigned to each patient actively encouraged the patient to apply skills learned in the community, suggesting that generalization of skills may be fostered by community-based reinforcement.

COGNITIVE REMEDIATION
Although patients with schizophrenia clearly have a wide
range of cognitive impairments (Braff 1993), some deficits
have been attributed to psychotic symptoms or medication side effects. Findings of cognitive impairments in
persons at risk for schizophrenia, but not yet symptomatic
or treated, make it unlikely that cognitive deficits are
purely secondary to medication effects. Cognitive impairments associated with schizophrenia have not been definitively characterized, but some particular functions such
as attention, memory, and planning appear to be more
affected than others. Psychopharmacological interventions to ameliorate or prevent cognitive deficits are active
areas of investigation. In addition, the practice of cognitive remediation of schizophrenia is an area of intensive
investigation.
Given the limitations on the durability and generalizability of SST, researchers have sought to improve the impairments in elementary cognitive functions before teaching social skills as a way to “boost” the effectiveness of
SST. Cognitive remediation shows some promise in improving performance and measures of vigilance and planning. However, insufficient evidence shows that these
improvements generalize to other cognitive tests or particular social skills.
Integrated psychological treatment (Brenner et al. 1992),
developed by researchers in Switzerland, is based on the
theory that dysfunctions in lower and higher levels of cognitive deficits interact to diminish social competence,
leading to increased stress resulting from difficult social
interactions and to further impairment in cognitive functioning. Integrated psychological treatment includes
sequential subprograms targeted to cognitive social
functioning: the cognitive differentiation subprogram
emphasizes treatment of basic cognitive skills through
computer-based training in card sorting and concept formation; social perception and verbal communication subprograms refine these skills into verbal and social responses through social problem-solving exercises; and
social skills and interpersonal problem-solving subprograms address more complex interpersonal problems
through similar techniques to the motor skills models.
Outcome studies of cognitive remediation have been
mixed. Controlled studies of integrated psychological
treatment in schizophrenia have reported modest gains in
elementary cognitive functions but no clear benefit for
complex cognitive tasks or social and vocational functioning (Brenner et al. 1992). A study by Wykes and colleagues (1999) comparing intensive cognitive remediation
and comparably intensive occupational therapy targeting
deficits in executive functioning showed improvements in

333

Psychosocial Therapies
3 of 12 cognitive measures but no direct improvements in
social or vocational functioning or symptomatology. In a
study of cognitive remediation before skills training, compared with a mirror image regimen, Hodel and Brenner
(1994) found no advantage to initial treatment with cognitive remediation. No clear evidence to date indicates
that integrated psychological treatment generalizes to improved symptomatology and social competence in realworld settings.
Ninety severely impaired long-term hospital patients
were offered equally intensive 6-month duration cognitive remediation plus social problem-solving modules
compared with supportive therapy also paired with social
problem-solving modules (Spaulding et al. 1999). The
cognitive remediation group had better outcomes in two
of four measures of social competence and showed better
acquisition of skills in two of four of the social problemsolving modules, suggesting that the cognitive remediation approach can enhance response to more standard
skills training in very ill institutionalized patients.
An additional approach to SST is embodied by the
clubhouse model of psychosocial rehabilitation. Originated in 1948 at Fountain House in New York City, the
clubhouse model was developed as a collaborative community of professional staff and persons with mental illness (Anderson 1998; Macias et al. 2001). Community
activities within the clubhouse focus on the work-ordered
day, in which staff and patients work together to maintain
clubhouse functions, with the expectation that patients
will gain social and vocational skills and ultimately transition to competitive employment with the support of clubhouse-related transitional vocational programs. The
clubhouse model has been widely disseminated, and efforts since the late 1970s have focused on enhancing program fidelity. Clubhouses are highly regarded among
patients but have been subject to little empirical study.
Nonetheless, they represent an important and likely predominant method of social skills enhancement in the
United States.
Newly developing programs run by consumers based
on self-help principles are also spreading rapidly in many
states (Yanos et al. 2001). Many patients with serious mental illness have highlighted the importance of their participation in peer-run or self-help programs. Patients point
to the role of self-help and peer-led services in promoting
psychological well-being, empowerment, and sense of
self-efficacy. There has been little empirical research on
the effectiveness of self-help organizations and related
interventions. Emerging empirical work on consumerrun and self-help services will elucidate the role of these
services in community programs.

SUPPORTED EMPLOYMENT
The proportion of persons with chronic schizophrenia
with competitive employment is 20% or lower (Bond et al.
2001a). Lack of sustainable living wages increases dependence on families and public assistance, contributes to low
self-esteem and stigma, and often leads to a lack of daily
structure and sense of purpose. With ever-shortening hospital stays, hospital-based vocational rehabilitation programs are no longer feasible, and vocational rehabilitation
is largely community-based. Unfortunately, many approaches to vocational rehabilitation are not well suited to
address the long-term impairment often associated with
schizophrenia. In contrast to vocational rehabilitation programs in which patients are trained and then placed in the
job, newer vocational models reverse that process.
In the late 1980s, new models of vocational rehabilitation, termed supported employment, were borrowed from
the field of developmental disabilities. Supported employment focuses on individual placement after a rapid job search
without extensive pre-employment assessment or training. After placement, patients are helped to learn skills
and provided needed supports. Jobs often begin at just a
few hours per week and increase over time. The focus is
on mainstream jobs in the competitive labor market. Supported employment is provided in a wide variety of service
contexts, including community mental health centers,
community rehabilitation programs, clubhouses, and psychiatric rehabilitation centers.
A standardized approach to supported employment
has been termed individual placement and support. The
principles of individual placement and support have
evolved as research shows how to improve employment
outcomes (Becker and Drake 2003; Bond et al. 2001a,
2001b; Dixon et al. 2002; Drake et al. 1999; Lehman et al.
2002).
Key principles of the individual placement and support model include
1. Competitive employment—The goal of supported employment is competitive employment in work settings
integrated into the community.
2. Rapid job search—Searching for jobs occurs early in the
process of supported employment rather than following lengthy pre-employment assessment, training, or
work trials.
3. Integration of rehabilitation and mental health—Vocational rehabilitation is considered an integral component of mental health treatment rather than a separate
service. Optimally, employment specialists are integrated into multidisciplinary teams.
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4. Patient preferences—Services are based on patients’
preferences and choices rather than on providers’ judgments.
5. Continuous and comprehensive assessment—Assessment
occurs primarily in the course of community work experiences.
6. Ongoing support—Follow-along supports are tailored
to the individual patient’s needs and continued indefinitely.
Traditional vocational rehabilitation programs had
limited success because workshop-based or sheltered employment skills were not generalizable to competitive employment settings (Bond et al. 2001a). In contrast, studies
of the supported employment model have been consistently positive. Research has contrasted a traditional partial program to an integrated program of supported employment combined with case management. Subjects in
the supported employment group significantly increased
rates of competitive employment by 14%, whereas no improvement occurred in the control group (Drake et al.
1994). Two approaches to supportive employment—one
with gradual entry and the other with accelerated job
entry—were compared in another trial. Of the acceleratedentry patients, 56% were engaged in competitive employment compared with 29% of the gradual-entry group after 1 year (Bond et al. 1995).
Individual placement and support has shown effectiveness in diverse patient samples in New Hampshire and
Washington, D.C. (Drake et al. 1999). An additional
study compared individual placement and support with a
standard psychosocial rehabilitation program in a population with severe mental illness and high rates of substance
abuse and reported that the individual placement and support group was significantly more likely to obtain employment—42% versus 1%—although job retention was low,
leveling off at 15%–20% (Lehman et al. 2002). The availability of a treatment manual for individual placement and
support (Becker and Drake 1993) and a supported employment resource tool kit (Bond et al. 2001a) should
stimulate further research into this treatment modality.
The benefits of supported employment have not fully
extended to other nonvocational outcomes, such as improved self-esteem, improved quality of life, and reduction of symptoms and relapse. One noncontrolled study
(Bell et al. 1996) indicated that patients who were paid in
a Department of Veterans Affairs work placement program worked more hours, showed improvement in symptoms at follow-up, and had a reduced rate of hospitalization compared with unpaid patients. Fears that job stress
would increase rates of relapse or other negative outcomes
have not been borne out.

ASSERTIVE COMMUNITY TREATMENT
The dramatic shift in the locus of treatment from the hospital to the community had the unintended consequences
of badly fragmenting the services and supports needed for
persons with schizophrenia. In the posthospitalization era,
services may be provided by a bewildering array of providers and agencies, including psychiatrists, nurses, pharmacists, social workers, vocational therapists, and housing
providers. The traditionally constrained role of the case
manager as a broker of community services often provides
insufficient “glue” for the patients who lack the cognitive
and social skills needed to integrate their own care.
As a response to service fragmentation, the assertive
community treatment (ACT) program was originally developed by researchers in Madison, Wisconsin (Stein and
Test 1980). ACT is currently the most carefully studied,
defined, documented, and successful program being used
in the delivery of services for persons with severe mental
illness. In most ACT programs, patients are served by a
multidisciplinary team that has a fixed caseload of patients
and a high staff-to-patient ratio (1:10–12). ACT programs
provide treatment, rehabilitation, and supports in the
community 24 hours a day, 7 days a week. Services often
provided include home delivery of medications, monitoring of physical and mental health, SST in the patient’s natural environment, and support for family reintegration.
The landmark ACT study in Wisconsin (Stein and
Test 1980) examined outcomes in a group of severely
mentally ill patients assigned to ACT compared with a
group discharged from the hospital to standard community care. The ACT group showed significant advantages
in rates of hospitalization, employment, independent living, and family burden, with essentially no difference in
costs; however, the advantages conferred by ACT did not
persist after the patients were discharged from the experimental program. More than 25 control trials have shown
the effectiveness of ACT in reducing hospitalization and
other adverse outcomes and increasing patients’ and their
families’ satisfaction (Burns and Santos 1995). Lehman et
al. (1997) documented ACT’s advantage over standard
community care in a sample of homeless, chronically mentally ill persons. The superiority of ACT to comparison
programs has been less consistent in studies of competitive
employment, social functioning, quality of life, or other
outcomes, prompting modification of ACT or leading to
integration with other programs such as supported employment, family treatment, or dual-diagnosis treatment.
Bond and co-workers (2001b) reviewed the evidence
on outcomes for ACT services (Table 18–1). Twentythree control studies examined hospital outcomes for
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TA BL E 1 8 – 1.

Studies comparing assertive community treatment with other interventions
Selected
outcome

Significantly
better
outcomes

Approximately
equal
outcomes

Significantly
poorer
outcomes

Hospital use

23

17

6

0

Housing stability

12

8

4

1

Symptoms

16

7

9

0

Quality of life

12

7

5

0

Social adjustment

13

3

10

0

Jail or arrest

10

2

7

1

Substance use

6

2

4

0

Taking medication as prescribed

4

2

2

0

Vocational outcomes

8

3

5

0

Consumer satisfaction

8

7

1

0

Source.

Data from Bond et al. 2001b.

ACT patients and for those served by comparison programs. Seventeen trials found ACT to be superior in reducing hospital use. Similarly, of 12 studies examining
residential stability, 8 studies found superior housing stability in the ACT condition, although one study found
poorer outcomes for ACT patients. Of 16 studies that examined symptomatic outcomes in ACT programs, 7 trials
found ACT to be superior. Quality of life was demonstrably superior in 7 of 12 control trials, and social adjustment
improved in 3 of 13 trials. Jail or arrests were reduced in
only 2 of 10 trials, and in one trial, poorer outcomes were
found in the ACT condition. Substance abuse was improved in 2 of 6 trials. Medication adherence was
improved in 2 of 4 studies. Vocational outcomes were
improved in 3 of 8 studies. Consumer satisfaction was improved in 7 of 8 studies. Despite these impressive outcomes, these studies show that several outcome domains
remain in which the performance of ACT could be improved, specifically in the areas of substance abuse, medication adherence, and vocational outcomes. New models
of ACT, which integrate substance abuse treatment and
supported employment, hold promise for improving these
outcomes.
Because of the complexity of the services provided by
ACT, it is difficult to answer several questions about its
effectiveness, including
• What are the key ingredients that prevent relapse and
hospitalization?

• Is ACT more cost-effective than other high-intensity
services or modified ACT models?
• What minimum program intensity is needed to maintain gains?
• Which special populations of patients may require indefinite treatment?
It is clear, however, that programs that maintain good
fidelity to the original ACT model have better outcomes
(Scott and Dixon 1995). Dissemination of an ACT resource tool kit (Phillips et al. 2001) should strengthen interest in the fidelity of ACT in community programs.

INVOLUNTARY OUTPATIENT
COMMITMENT AND RELATED
PROCEDURES
In addition to the formal psychosocial interventions
described earlier in this chapter, interest is growing in the
use of legal tools designed to improve adherence with outpatient treatment such as involuntary civil commitment
(Monahan et al. 2003). Involuntary outpatient commitment,
one of these tools, is a controversial civil court procedure
designed to benefit persons with serious mental illness
who need ongoing psychiatric care and support to prevent
relapse, hospital readmissions, homelessness, or incarceration but have difficulty following through with com-
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munity-based treatment. Virtually all states in the United
States permit some form of outpatient commitment.
Forty states and the District of Columbia have explicit
involuntary outpatient commitment statutes, and several
states are currently considering enacting or modifying
existing outpatient commitment legislation (Hiday 1992;
McCafferty and Dooley 1990; Swartz et al. 1995; Torrey
and Kaplan 1995).
Involuntary outpatient commitment may be distinguished from other related mechanisms of court-mandated
treatment, including conditional release or guardianship.
Under conditional release from a hospital, an involuntarily committed patient is released to community care
under the ongoing supervision of the hospital, and this
treatment is usually restricted to previously hospitalized
and involuntarily committed patients. A limited number
of naturalistic studies of conditional release indicate that
it does appear to be effective in reducing rehospitalization
and violent behavior (O’Keefe et al. 1997). Under guardianship, the court appoints a guardian for a patient adjudicated to be incompetent. The guardian consents to treatment for the patient, who then may be compelled to
adhere to treatment, including forced medication and
hospitalization. Geller et al. (1998) found that mandated
treatment under guardianship appeared to reduce rehospitalizations and total hospital days.
Involuntary outpatient commitment orders typically
require compliance with recommended outpatient treatment (i.e., keeping scheduled appointments with a mental
health provider). Some outpatient commitment statutes
stop short of permitting forced medication of legally competent individuals. In every jurisdiction, outpatient commitment orders are of limited duration. In North Carolina, a psychiatrist may recommend to the court that an
outpatient be involuntarily committed initially not longer
than 90 days, after which a hearing must be held to renew
the order for up to 180 days. When a person under involuntary outpatient commitment fails to comply with treatment, the responsible clinician may request that law officers transport the individual to an outpatient facility for
persuasion to accept treatment or evaluation for inpatient
commitment (Swartz et al. 1995).
Naturalistic studies of involuntary outpatient commitment taken as a whole support the effectiveness of the procedure in reducing hospitalization and improving other
outcomes, although all existing naturalistic studies had major design limitations (Fernandez and Nygard 1990; Hiday
and Scheid-Cook 1987, 1989, 1991; Keilitz 1990; Moloy
1992; Ridgely et al. 2002). Two randomized controlled
studies of involuntary outpatient commitment in North
Carolina (Swartz et al. 1995) and New York City (Stead-

man et al. 2001) provided conflicting views of the effectiveness of involuntary outpatient commitment. In North
Carolina, where an involuntary outpatient commitment
statute was well established, subjects under involuntary
outpatient commitment who were ordered by the court to
180 days or more of involuntary outpatient commitment
and were provided frequent outpatient services had decreased hospital readmissions, violence, victimization,
family strain, and arrests and improved quality of life and
treatment adherence, but subjects with short periods of involuntary outpatient commitment generally did not benefit (Borum et al. 1999; Compton et al. 2003; Hiday et al.
2002; Swanson et al. 1997, 2000, 2001, 2003; Swartz et al.
1999, 2001a, 2001b, 2002a, 2002b, 2003; Wagner et al.
2003). Critics of this study point out that neither the length
of the outpatient commitment order nor the treatment intensity was controlled in the design, limiting the strength
of the findings. In New York, the outpatient commitment
study was part of a 3-year pilot program to test and evaluate
outpatient commitment as a first step toward considering
permanent outpatient commitment legislation for the state
(Steadman et al. 2001). The study found no significant statistical differences between the control and experimental
groups in follow-up hospitalizations, arrests, quality of life,
symptoms, homelessness, or other outcomes. Critics of
this study point out that during the start-up phase of the pilot program, implementation and enforcement of outpatient commitment were inadequate, and the study had
a small sample size, making it difficult to detect meaningful
differences between experimental groups.
Additional studies of involuntary outpatient commitment are needed to evaluate its effectiveness definitively, although some critics argue that involuntary outpatient commitment should not be used at all because it is coercive, may
discourage patients from voluntarily seeking treatment, and
would be unnecessary if optimal community-based treatment were universally available. Although these studies
appear to provide contrary findings, both show wide variability in the implementation and practice of involuntary
outpatient commitment. These differences render findings
across studies difficult to compare and interpret. Even
within North Carolina, where the findings of effectiveness
of involuntary outpatient commitment have been most
consistent, the “dose” of involuntary outpatient commitment varied widely as did the services provided to patients.
Given that most states in the United States and several
other countries explicitly permit involuntary outpatient
commitment, attempts to study further the effectiveness of
outpatient commitment are warranted if involuntary outpatient commitment is to be used appropriately.
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THE PRODROME
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Schizophrenia is a severe, lifelong neuropsychiatric disorder that can affect children, adolescents, and adults. The
typical onset occurs in young adults in their late adolescence or early 20s, and the diagnosis usually follows a
dramatic psychotic episode or “first break.” However,
signs and symptoms heralding the disorder are often
present months to years before the diagnosis is made.
This period of onset—or prodrome—is of great interest
to researchers because it may hold the key to improved
prediction and identification of cases. This could lead to
application of earlier treatment and thereby possibly prevent, delay, or attenuate the first episode of psychosis. The
schizophrenia prodrome is currently the subject of intensive investigation in several centers in the United States
and around the world.
In this chapter, we review essential literature describing the prodrome of schizophrenia, including the development of instruments that can identify individuals who are
vulnerable to psychoses, the potential for intervention, and
the promise of treating schizophrenia earlier in life.

DEFINITIONS
Prodrome derives from the Greek word prodromos or precursor. In clinical medicine, prodrome refers to those early
signs and symptoms that precede the characteristic man-

ifestations of the acute, full-blown illness. For example,
hepatitis A is described as having a variable, systemic prodrome of 1–2 weeks marked by fever, headache, nausea
and vomiting, arthralgias, myalgias, and anorexia. In addition, the individual may complain of nonspecific fatigue.
Later, the constellation of clinical jaundice, right-upperquadrant pain, and the confirmatory finding of anti–hepatitis A virus immunoglobulin M in serum makes the diagnosis of hepatitis A definitive.
The schizophrenia prodrome is currently defined as
an early or prepsychotic state that represents a deviation
from the usual behavior and experience of an individual
(Yung and McGorry 1996). Therefore, the prodrome can
be regarded as both a state and a process leading up to the
full-blown illness. The prodrome is a retrospective concept by definition.
Schizophrenia can be divided into three phases that
delineate the development of psychosis over time (see
Figure 19–1). The first phase—the premorbid phase—is a
period of normality for most persons who ultimately develop schizophrenia. When deficits exist, they usually begin at birth and usually are subtle, stable, and asymptomatic. In the second—or prodromal—phase, symptoms
occur with increasing severity beginning after puberty.
This phase lasts between 2 and 5 years on average (Beiser
et al. 1993; Loebel et al. 1992). Global functioning declines in an obvious downward, usually accelerating tra-
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Schematic representation of the early course of illness in schizophrenic patients.

Time is shown on the ordinate and global functioning on the abscissa. The dotted lines represent 100% of age-adjusted, average
normal functioning. The bolder curve illustrates the average course of a group of patients with schizophrenia over premorbid, prodromal, and psychotic (active) phases. Functioning generally declines rapidly during the prodromal phase, as well as early in the
psychotic phase. The duration of time between onset of psychosis and the first antipsychotic treatment is known as the duration of
untreated psychosis. Variability in course is expressed by the upper and lower hairline time course curves that are meant to illustrate
the wide range that is observed across patients throughout the course of illness.

jectory. According to retrospective reports, about 80%–
90% of patients with schizophrenia remember their prodromal phase (Hafner et al. 1994). The third phase—the
psychotic phase—is ushered in with frankly psychotic symptoms. At this point, patients feel convinced that their hallucinations and delusions are real. Their earlier insight in
the prodromal phase, consisting of recognition of attenuated psychotic experiences as false, is now lost.
The psychotic phase marks the first episode of schizophrenia. The DSM-IV-TR (American Psychiatric Association 2000) criteria for schizophrenia require at least two
characteristic psychotic symptoms as well as social/occupational dysfunction and duration of at least 6 months.
For most patients, the severity of the illness continues to
increase for several years before reaching a stable plateau
(Davidson and McGlashan 1997).
Prevention of schizophrenia can be discussed in relation to primary, secondary, and tertiary prevention efforts.

Primary prevention tries to reduce the incidence of new
cases in the population. In schizophrenia research, primary prevention refers to intervention in the premorbid
phase. Examples of intervention in this phase are improving prenatal care, reducing environmental insults (Mednick and Schulsinger 1968), and reducing mean paternal
age (Malaspina et al. 2002). Secondary prevention aims to
reduce the prevalence of the disorder. In the case of
schizophrenia, prevalence could be reduced by efforts to
delay onset of early signs and symptoms of the disorder.
Finally, tertiary prevention aims to reduce morbidity, course
progression, and mortality. Tertiary prevention begins by
treating schizophrenia as soon as possible after onset to
reduce the duration of untreated psychosis and minimize
the damage that active psychosis can wreak on the patient’s
job, social life, and family functioning. International research has found the average duration of untreated psychosis to be between 1 and 2 years (McGlashan 1999).
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Early detection of schizophrenia with active intervention
can advance prevention of the disorder, especially its secondary and tertiary forms.

HISTORY OF CLINICAL RESEARCH
EFFORTS
The prodromal phase of schizophrenia has been recognized since the early twentieth century by Bleuler (1911/
1950). Emil Kraepelin (1919/1971) described the onset of
mostly negative and nonspecific symptoms followed by
positive symptoms and then the first psychotic episode.
According to the Kraepelinian view, the sequence of deterioration is immutable. From 1984 to 1988, the Falloon
project in Buckingham County, England, taught primary
care practitioners to recognize early warning signs of
schizophrenia derived from the prodromal signs outlined
in DSM-III (American Psychiatric Association 1980).
Such persons were treated with a psychoeducational, family-based, problem-solving psychosocial intervention,
which may have delayed onset and contributed to a lower
incidence and prevalence of florid episodes of schizophrenia (Falloon et al. 1996). Falloon applied a behavioral
family therapy, education, and home-based monitoring
model of treatment to patients in the prodromal phase.
Since these early years, other investigators in Australia, the United States, Canada, and Europe have described
the prodrome or the period from the first sign of illness
to the first mental health contact, even though they
used different diagnostic definitions and methodology
(McGlashan et al. 2001). McGorry and colleagues (2002)
founded the Personal Assessment and Crisis Evaluation
(PACE) Clinic in Melbourne, Australia, to study and treat
prodromal patients. An international colloquium of investigators interested in the early course convened in Stavanger, Norway, in 1995. This event led to publication of
the first contemporary collected works from this perspective (McGlashan 1996) and formation of the International
Early Psychosis Association.
Research efforts can be divided into study of the preonset and early post-onset phases of schizophrenia. Preonset studies include early premorbid, late premorbid,
and prodromal phases. Post-onset studies include investigations of the duration of untreated psychosis and neuropsychology in first-episode schizophrenia. Introduction
of antipsychotic treatment in the pre-onset or prodromal
phase aims both to treat active symptoms and to prevent
progression of the illness, as does reduction of untreated
psychosis in the post-onset phase. Treatment in the prodromal, pre-onset phase aims to decrease prodromal symp-

toms and to reduce prevalence (secondary prevention) by
delaying onset or averting it entirely.

CLINICAL FEATURES AND
DIAGNOSTIC CRITERIA
Prodromal symptoms are nonspecific and nonpsychotic.
They are usually preceded by a period of normal, or at
least nonsymptomatic, functioning in the premorbid
phase. However, in some cases of early-onset schizophrenia, the onset occurs abruptly without any apparent prodrome, whereas in other cases, especially those in which
there is an early childhood onset, no premorbid phase
characterized by normal functioning occurs. In other variations of very early onset, the premorbid phase is abnormal but asymptomatic, although a gradual decline in functioning occurs. Variability in the course of functioning is
also characteristic of schizophrenia in its later phases.
Unfortunately, detection of cases in the early premorbid phase remains an elusive objective. It has been recognized for years that some individuals who develop schizophrenia have subtle social, behavioral, and intellectual
deficits such as impaired motor development and coordination, neurological soft signs, lower intelligence, and a
broad range of social problems. Among the possible vulnerability markers predicting adult schizophrenia spectrum disorders in the premorbid phase is an attention
deficit measured by the Continuous Performance Test
(Cornblatt 2000). Although attentional, behavioral, and
neuromotor abnormalities are noted in children who later
develop schizophrenia, these factors are probably insufficient to cause the illness or even to serve as reliable and
specific markers for it.
The natural history of the prodrome is characterized
by nonspecific early symptoms of depression and anxiety
followed by or concurrent with negative symptoms, including apathy, social withdrawal, and cognitive changes
affecting concentration and attention. These symptoms
are then succeeded by the positive symptoms of suspiciousness, ideas of reference, and perceptual abnormalities, which often serve as harbingers of the first episode
(Hafner and Maurer 2001).
Prodromal patients as a group have several clinical
characteristics in common. They and their families especially recognize and are distressed by their symptoms.
The patients are both cognitively and functionally impaired. Their Global Assessment of Functioning (GAF)
scale scores can be less than 50 on a scale of 1–100, indicating serious symptoms (Miller et al. 2003). These patients have often sought psychiatric treatment in the past
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and may have received psychotropic medications, including antipsychotics (Addington et al. 2002).
Several prodromal assessment instruments now provide opportunities to study the prodrome prospectively.
Chapman et al. (1994) used prospectively established criteria to screen numerous American university students.
The instrument rates psychotic and quasi-psychotic symptoms on a continuum of deviancy from normal to floridly
psychotic on “psychosis proneness” scales. Students who
scored high on Perceptual Aberration or Magical Ideation
scales (5.5%) developed psychosis compared with control
subjects who scored lower (1.3%). The difference was
statistically significant but had low positive predictive
value.
The PACE Clinic in Melbourne has applied a “closein” strategy to identify individuals at risk for psychosis and
avoid false-positive results (McGorry et al. 2002). In this
approach, researchers focus on those individuals who are
at high risk for developing psychosis in the near future because of developmental stage, genetic predisposition, and
early mental status changes that indicate impending psychosis. Three categories of selection criteria are used in
PACE. Category one requires at least one attenuated, or
subthreshold, positive psychotic symptom: ideas of reference, odd beliefs or magical thinking, perceptual disturbance, odd thinking and speech, paranoid ideation, and
odd behavior or appearance. Category two criteria consist
of brief, limited intermittent psychotic symptoms that
spontaneously resolve within a week. Category three combines functional decline in the previous year and genetic
risk (a first-degree relative with schizotypal personality
disorder or psychotic disorder). A structured interview,
the Comprehensive Assessment of At Risk Mental States
(CAARMS), is used to determine whether criteria are
met. An initial sample of 21 individuals yielded an annual
conversion rate to psychosis of 21% (Yung et al. 1996),
and a second sample of 49 individuals reported a 41% annual conversion rate (Yung et al. 2003). This group most
recently reported follow-up data on a cohort of 104 individuals meeting “ultra-high-risk” criteria (Yung et al.
2004). By 6 months, 29 subjects had developed psychosis
(Kaplan-Meier risk estimate=27%), and by 12 months, 36
subjects had progressed to psychosis (Kaplan-Meier risk
estimate=35%).
McGlashan and his team at Yale University formed
the Prevention Through Risk Identification, Management and Education (PRIME) Clinic. They created
assessment instruments modeled after the Australian
description of prodromal types to rate prodromal symptoms: the Scale of Prodromal Symptoms (SOPS) and the
Structured Interview for Prodromal Syndromes (SIPS)
(McGlashan et al. 2001). The SOPS is contained within

the SIPS, and the two are designed to diagnose prodromal
syndromes and to rate the severity of prodromal symptoms. The SIPS is designed for use by experienced clinicians who have had specific training in the use of the instrument. These criteria identify a symptomatic patient
group that is at high risk for progression to first-episode
psychosis within the next year.
The SOPS and SIPS are used both to diagnose the
prodrome and to assess change systematically in prodromal psychopathology over time. They were originally developed to accomplish three goals: 1) to define the presence or absence of psychosis, 2) to define the presence or
absence of one or more of the three prodromal states defined by Yung et al. (1996), and 3) to measure severity of
prodromal symptoms cross-sectionally and longitudinally. In accordance with DSM-IV-TR, the SOPS and
SIPS define psychosis and two of three prodromal states
by positive symptoms. Five positive psychotic symptoms
are delusions, paranoia, grandiosity, hallucinations, and
disorganized speech. The corresponding five prodromal
positive symptoms are unusual thought content, suspiciousness, expansiveness, perceptual abnormalities, and
circumstantial speech that is difficult to follow but not incoherent.
The psychosis threshold requires at least one of the
five positive symptoms at a psychotic level of intensity,
and it must be present for more than half the days over
1 month. The severity of the prodrome is further quantified by negative, disorganized, and general psychiatric
symptoms. The negative domain includes social isolation
or withdrawal, avolition, decreased emotional expression,
decreased expression of self, decreased ideational richness, and deterioration of role functioning. The disorganized domain includes odd behavior or appearance, bizarre
thinking, difficulties with focus and attention, and impairment in personal hygiene and social awareness. The general domain includes sleep disturbance, dysphoric mood,
motor disturbances, and impaired stress tolerance.
During the interview, a family psychiatric history, a
rating of schizotypal personality disorder, and the GAF
Scale score are also obtained. The diagnostic criteria for
prodromal syndromes (Table 19–1) describe three prodromal subgroups based on attenuated positive symptoms, brief psychotic symptoms, and genetic risk plus
functional deterioration. In our experience, most prodromal patients meet the attenuated positive symptoms criteria. A few meet the genetic risk plus functional deterioration criteria without meeting the criteria for attenuated
positive symptoms. The brief psychotic symptoms subtype appears to be rare.
Both the CAARMS and the SIPS have shown good interrater reliability and predictive validity for conversion to
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TA BL E 1 9 – 1.

Diagnostic criteria for prodromal syndromes and for psychosis

Prodromal syndromes

Diagnostic criteria

Attenuated positive symptoms syndrome

1. Abnormal unusual thought content, suspiciousness, grandiosity, perceptual abnormalities, and/or organization of communication that is below the threshold
of frank psychosis.
AND
2. These symptoms have begun or worsened in the past year.
AND
3. These symptoms occur at least once per week for the last month.
AND
4. Psychosis ruled out.

Brief intermittent psychosis syndrome

1. Frankly psychotic unusual thought content, suspiciousness, grandiosity, perceptual abnormalities, and/or organization of communication.
BUT
2. These symptoms have begun in the past 3 months.
AND
3. The symptoms occur currently at least several minutes per day at least once
per month.
AND
4. Psychosis ruled out.

Genetic risk plus recent deterioration

1. First-degree relative with history of any psychotic disorder.
OR
2. Schizotypal personality disorder in patient.
AND
3. Substantial functional decline in the past year.
AND
4. Psychosis ruled out.

Rule out psychosis

1. Frankly psychotic unusual thought content, suspiciousness, grandiosity, perceptual abnormalities, and/or organization of communication.
AND
2. Symptoms are disorganizing or dangerous.
OR
3. Symptoms occur more than 1 hour per day more than four times per week in
the past month.

psychosis (Miller et al. 2002; Yung et al. 1996). For example, rater agreement in differentiating prodromal from
nonprodromal patients was 93% with the SIPS, and the validity study reported that 46% of the prodromal patients
had converted to schizophrenic psychosis at 6 months and
54% at 12 months. A preliminary validation study of the
Prodromal States Questionnaire as an initial screening instrument reported good concurrent validity with a diagnosis of the prodrome by the SIPS (Loewy and Cannon 2002).

EPIDEMIOLOGY
The incidence of schizophrenia is approximately 1 new
patient per year per 10,000 population, and the prevalence is 1% of the population worldwide. The gender dis-

tribution of schizophrenia is approximately equal in men
and women. Although meticulous epidemiological studies
of the prodrome have not yet been done, it is believed that
the incidence of prodromal patients will mirror that of patients with schizophrenia (approximately 1 per 10,000)
but that prodromal patients will be on average 1–2 years
younger. Recruitment efforts to date have been more successful with younger prodromal patients, possibly explaining the tendency for a predominance of males in prodromal samples because of their earlier age at onset.
Finally, to the extent that current prodromal criteria cannot identify and eliminate false-positive cases, not all prodromal samples will develop schizophrenia. Until criteria
become more specific, the prodrome will continue to include patients with disorders other than schizophrenia as
well as people with no disorders at all.
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GENETICS, NEUROPATHOLOGY,
NEUROIMAGING, AND
NEUROPSYCHOLOGICAL TESTING
The pathogenesis of the prodrome and of schizophrenia
remains an enigma. The neurodevelopmental hypothesis
of schizophrenia etiology currently prevails, although alternative models have been proposed to account for
schizophrenia’s long latency, fluctuating course, and heterogeneity of disease expression. Environmental stress
and other unknown neurobiological mechanisms may
play intertwining roles in this process. Genetic studies of
schizophrenia have failed to find a major gene. In fact,
only 15% of the children of parents with schizophrenia
develop schizophrenia themselves. Offspring of discordant monozygotic twins have equivalent risks of schizophrenia, yet mean schizophrenia concordance rates are
only 48% in identical twins (Onstad et al. 1991).
Although the cause of the schizophrenia prodrome remains a mystery, several factors associated with risk of
schizophrenia spectrum disorders have been identified.
Possible contributory factors include maternal influenza
during gestation, obstetrical complications, various neurointegrative deficits in infancy, motor coordination dysfunction in childhood, attention deficit, social isolation,
and problematic teacher-rated behaviors in adolescence.
Stress from early separations and dysfunctional family environments also may play a role in enhanced risk (Olin
and Mednick 1996).
No pathognomonic laboratory or neuropathological
examinations are available to detect the prodrome. Although cerebral gray matter volume deficits have been
found in several cortical regions on magnetic resonance
imaging studies (Pantelis et al. 2003), substantial overlap
is seen between pathological cases and control groups. Of
20 subjects scanned longitudinally, the 10 individuals who
had developed psychosis showed progressive reductions
in gray matter in the left parahippocampal, fusiform, orbitofrontal, and cerebellar cortices and the cingulate gyri.
Those who did not develop psychosis only had changes in
cerebellum. Neuroimaging of a high-risk prodromal sample in Melbourne, Australia (Phillips et al. 2002), found
left hippocampal volumes that were intermediate between
those of normal and schizophrenia contrast groups. Normal hippocampal volume in this high-risk group predicted conversion to psychosis. Over the next year following conversion, significant reductions were reported in
left medial temporal, left frontal, and left cerebellar volumes. Serial neuroimaging may help to elucidate prediction of conversion to psychosis in the future.

The prodrome has no typical neuropsychological profile, but a range of neuropsychological deficits are characteristic of established schizophrenia (Heinrichs 2001),
and cognitive deficits are present in the post-onset phase.
Addington and Addington (2002) reported that the cognitive functioning of 150 first-episode subjects admitted
to the Calgary Early Psychosis Program remained in the
impaired range despite significant improvement on some
memory tasks with treatment. Hawkins et al. (2004) reported that the neuropsychological performance of prodromal patients falls between the deficit levels reported in
first-episode and chronic schizophrenia samples and the
normal level of healthy control subjects.

DIFFERENTIAL DIAGNOSIS
OF THE PRODROME
The prodrome signals the impending onset of disorders
other than schizophrenia, making the differential diagnosis of the prodrome a critical and challenging exercise.
It is important to rule out general medical conditions that
can mimic a prodromal state and/or progress to frankly
psychotic symptoms, such as Cushing’s disease, delirium,
certain seizure disorders, lupus, and various types of drug
intoxication. Drug dependence, such as chronic marijuana
use in particular, may lead to amotivation, dysphoria, perceptual abnormalities, and paranoia. Several major psychiatric disorders also must be considered in the differential diagnosis:
• Major depression with psychotic features. Depressive symptoms are common in the prodrome and throughout the
natural history of schizophrenia. Most prodromal patients, however, do not meet full diagnostic criteria for
major depression and complain of emotional numbness rather than true sadness or sustained irritability. In
addition, depression with psychotic features is often associated with melancholia and older age.
• Schizotypal personality disorder. Schizotypal personality
traits are present from an early age and are enduring
but stable aspects of functioning. This disorder can coexist with the prodrome, but the two conditions are
distinguished mostly by course. Symptoms in the prodrome are progressive, not static.
• Borderline personality disorder. Brief psychotic episodes
under stress accompanied by a pattern of intense, unstable relationships; impulsivity; and self-mutilation indicate a diagnosis of borderline personality disorder.
These traits are present usually from an early age and are
unlikely to show sudden emergence in young adulthood.
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• Pervasive developmental disorder. Patients with this disorder have a pattern of odd behaviors, impaired communication, and poor reciprocal social interaction skills,
which are usually evident in early childhood. Although
this condition may resemble the prodrome in some
ways, it is usually associated with mental retardation
and other general medical conditions, such as congenital and chromosomal abnormalities.
• Posttraumatic stress disorder. The characteristic symptoms involve reexperiencing a traumatic event and a
variety of autonomic, dysphoric, and cognitive complaints. However, unlike prodromal symptoms, posttraumatic stress disorder develops after a psychologically traumatic event that is generally outside the range
of usual human experience.
• Obsessive-compulsive disorder (OCD). Severe cases of
OCD can be difficult to distinguish from the prodrome. Prodromal patients usually do not show compulsive behaviors or preoccupation with the classic
OCD themes of contamination or inadvertent harm to
others, and they do not experience OCD symptoms as
ego-dystonic.
• Attention-deficit/hyperactivity disorder (ADHD). Although
attention deficits are common in the prodrome, patients with true ADHD usually are identified before
age 7 years. ADHD is highly comorbid with oppositional defiant disorder, learning disorder, and depression rather than psychotic-like symptoms.
Prodromal symptoms may be interpreted by parents and
families as normal adolescent development. Indeed, hallucinatory experiences have been reported by healthy young
people, and there may be a continuum of psychotic symptoms in the population (Johns and van Os 2001). Transient
prodromelike symptoms can occur in young adult populations without the prodrome, but these symptoms are not
usually accompanied by significant functional impairment.

CASE HISTORIES
The following disguised case vignettes from our PRIME
Prodromal Research Clinic illustrate patients whose symptoms meet the criteria for one of the three prodromal syndromes described earlier. Prodromal patients can meet
criteria for a prodromal syndrome alone or two or three
syndromes simultaneously.

CASE ONE: ATTENUATED POSITIVE SYMPTOMS
SYNDROME
Simon, a single, 22-year-old, Caucasian man, attended
college full time. For the past 8 months, he had become

increasingly concerned about an image he sensed near
him whenever he was in the bathroom of his apartment
washing his face or showering. The image was that of a
shadowy, vaguely female figure whose presence was triggered by running water. He was frightened by the image
and felt she was “spiteful” and wished for his death by
falling in the bathroom. Simon knew that it was not real,
but it bothered him. He wanted treatment to eliminate
the image and other images he first reported sensing in
his childhood. The image appeared almost every time he
entered the bathroom, so he avoided showering and
washed only half of his face at a time.
In his evaluation, Simon acknowledged that his
friends regarded him as “weird” because of his preoccupation with themes such as the moral messages hidden
in the music he played, the decline of civilization, and
the special meaning he obtained from games of chess.
He felt unmotivated, had subtle difficulty completing
his schoolwork despite maintaining a high grade point
average, and procrastinated on his personal activities of
daily living. He needed frequent prompts from his
roommate. He felt confusion once or twice a month,
during which time he forgot what he was talking about
mid sentence, and his friends had noticed. In fact, his
girlfriend frequently complained to him that he was not
the same.
Simon worried that other students wanted to exclude him from certain social groups and that he could
overcome this by changing his hairstyle and style of
clothing in ways he could not explain. These concerns
occurred approximately once every 2 weeks, and he believed that he was probably imagining them. He complained of feeling unmotivated and different from how
he felt when he was younger.
Simon was judged to meet the attenuated positive
symptoms criteria. The attenuated positive symptoms
included perceptual abnormalities (sensing images in
the room) and suspiciousness (people excluding him and
talking negatively about him).

CASE TWO: BRIEF INTERMITTENT PSYCHOTIC
SYNDROME
Calvin, a 16-year-old, African American sophomore,
lived with his parents and older sister. There was no
family history of psychotic illness. In the seventh grade,
Calvin became depressed and withdrawn and complained of difficulties concentrating and problems with
sleep. The parents attributed these problems to adjustment to junior high school, but the depressive symptoms
resurfaced in his sophomore year.
During his initial evaluation, Calvin was guarded
and had constricted affect. He said that people at school
disliked him and wanted to hurt him for reasons he
could not specify. With detailed questioning, Calvin
admitted that he avoided two classmates because he
thought he heard them calling him “a homo.” He felt at
that time that he was in danger of being assaulted by
them but admitted that they probably had not called him
“a homo” or intended to attack him. However, he reported similar experiences, lasting only a few minutes
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and not leading to confrontation, four to five other times
over the past 3 months. Calvin also had mild conceptual
disorganization manifested as occasional circumstantial
thinking but no other unusual thought content or grandiosity. His grades had slipped from mostly A’s to mostly
C’s. His parents worried that if his performance continued to decline, he might have to repeat his sophomore
year.
Calvin was judged to meet the brief intermittent
psychotic syndrome criteria. He had moments of paranoia that were of delusional intensity but not acutely disorganizing or dangerous and too brief to meet duration
criteria for presence of psychosis.

CASE THREE: GENETIC RISK AND FUNCTIONAL
DETERIORATION PRODROMAL SYNDROME
Tanya, a single, 19-year-old, Caucasian woman, worked
at a fast-food restaurant and attended cosmetology
classes part time. She was the middle of three sisters, one
of whom had been hospitalized for schizophrenia. Tanya
had felt depressed for at least a year prior to her referral
and had been taking both a psychostimulant for ADHD
and an antidepressant at various times with only moderate success. She reported trouble concentrating, had mismanaged her finances to the point that many checks had
been returned for insufficient funds, and was involved in
chronic fights with her mother, which she regretted.
One month prior to referral, Tanya thought she heard
her name being called repetitively, and once in the
month before her referral, she thought she heard the
compact disc player playing when it was turned off.
Tanya was unmotivated to do anything except spend
time with her boyfriend and mostly stayed alone in her
room listening to music. She let leftover food accumulate on every surface in her bedroom. Tanya was on the
verge of being fired at work because of absenteeism, and
she frequently did not attend beauty school. She complained of not having feelings when it was normal to
have them. Tanya was brought for evaluation by her parents, who expressed concern that she was showing symptoms similar to those they had seen before her older sister’s psychotic break.
Tanya was a passive participant in the evaluation but
endorsed depression and avolition. Although she acknowledged the concerns of her parents and promised to
start engaging in more productive activities “tomorrow,” the family noted that tomorrow never came. Tanya
said that she did not believe that hearing her name called
and hearing the compact disc player playing when it was
turned off were real events and said that it was “all in my
head.”
The number and strength of Tanya’s negative symptoms and her dramatic decrease in occupational, educational, and social functioning were striking. Her GAF
scale score was judged to have declined at least 40 points
in the past year. This functional decline plus the family
history of schizophrenia in a first-degree relative satisfied the genetic risk and functional deterioration prodromal syndrome. Her positive symptoms appeared ei-

ther too mild or too infrequent to meet attenuated
positive symptoms or brief psychotic symptoms criteria.

FAMILY INTERVIEWS
A recent qualitative research study of the evolution of
symptoms in prodromal patients divided 20 individuals
into a “never normal” group and a larger subgroup called
the “declining” group according to themes emerging in
family interviews (Corcoran et al. 2003). The “never normal” group was typically described as having multiple problems since birth, whereas the other group was described as
declining from an essentially normal baseline. In addition
to the families’ concerns about the degree of temporal
change in the “declining” group, they may have attributed
behavior and personality changes to street drug use, the
wrong friends, adolescent turmoil, or various environmental stressors.
The suffering of the families often intensifies during
the prodrome as they grapple with the deteriorating
behavior of the prodromal patient. Parents feel incompetent, bewildered, and grief-stricken. We present several
examples of parents’ descriptions of prodromal patients
from the PRIME Clinic.

FATHER OF MICHAEL, AGE 17
He has changed. When I saw him come out of our house
holding the .22, I knew. I asked him what he was doing
with it, and he ignored me, walked away. The neighbor
found another .22 in the guitar case he had with him the
night he stole their car. The police came. He was driving
around for no reason by himself at 2:30 A.M. The neighbor didn’t press charges. I don’t allow guns in my home.
When Michael was younger, I let him and his brother
plink at some cans in the woods behind our house, and
we watched them. He was never interested in hunting.
What is he doing? We don’t know. He wants to join the
military, but I told him he can forget that.
He stays in his room, but before he used to be part
of the family gatherings; now we’re the enemy somehow. He was friendly to everyone, like the mayor. Now
he has just one friend, a troubled boy like one of those
kids who shot up Columbine. He is disrespectful and really awful to his mother. Her heart is broken. His brothers and sisters weren’t like this at his age; they are all fine.
He won’t do anything we ask; that’s all gone. He’s completely different. Always just that blank look, and then
he walks off. We thought it was drugs, but the psychiatrist we took him to had him tested, and everything was
negative. He has ADHD and used to take the medication, but now he refuses. He did better in school on it,
but now he takes completed homework and projects I
helped him with to school and never turns them in. He
just doesn’t care. We are really worried; we’ve got to do
something.
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MOTHER OF NIKEESHA, AGE 13
She needs help. She wants help, too. She says, “Mama,
please take me to the doctor.” She’s up half the night,
talking to herself and laughing for hours. It can go on all
night. I can’t get her up for school in the morning, and
it’s all the time now; I can’t get her to do anything. I give
her the shoes because she’s just walking around, and I
yell, “Put them on!” I come back, and she’s over here,
fooling around, looking at stuff, shoes not on, still halfdressed. Won’t take a shower unless I nag. Won’t eat,
just picks. She’s in her own world. She doesn’t talk to
herself in the school because she knows the other kids
are going to notice, so she can control it when she wants
to. The teachers say she’s quiet and does her work. At
home, she did chores, but here lately, nothing—she
doesn’t hear me. It’s getting worse and worse. She never
goes out of the house. She says she doesn’t hear voices,
but what is she laughing at? What?

MOTHER OF BRUCE, AGE 16
The other kids make fun of him at school. He’s like a
loner. He has no friends, and he fights with his sister
because he takes an hour in the bathroom with the OCD
stuff, and she’s gotta go to work. He takes everything so
seriously. His grade point average has always been high.
He wants to be perfect. He does great in track, but that’s
all he does. He worries all the time that he’s fat and not
fit enough. He’s losing weight, too. Then he told me
about the voices, so I was really concerned, and I cried.
He says he’s not sure they’re real, but they worry me. He
gets depressed. He says sometimes he thinks about wishing he were dead and can see a type of vision about hurting himself. He’s got this whole confusing God thing
going on. He feels like God talks to him, and he isn’t
going to listen to us, except the commandments say
honor thy father and mother. He gets real mad at me if
there’s some skin showing, like maybe my top shows my
shoulders a little, because he can’t stand any sex stuff at
all. He’s never had a girlfriend. You just can’t reach him;
his father tries, but he ends up yelling at Bruce. We don’t
know what to do. It’s getting worse bit by bit I think.

COURSE AND PROGNOSIS
Diagnostic criteria for the prodrome can be used to predict psychosis within the next 12 months according to a
patient’s presenting symptoms (Table 19–1). Two groups
have each published similar criteria. The PACE Clinic in
Melbourne has shown a prospective risk of conversion
or positive predictive value of 40.8% within the first
12 months in 49 prodromal patients (Yung et al. 2003).
Most recently, a follow-up study of 104 “ultra-high-risk”
patients reported that 34.6% of the patients developed
frank psychotic symptoms within 12 months (Yung et al.
2004). The PRIME Clinic in New Haven, Connecticut, has

shown a prospective risk of conversion of 50% within the
first 12 months in 14 prodromal patients. Of the 20 patients who received nonprodromal diagnoses at the PRIME
Clinic, none has converted (Miller et al. 2002).
Despite the high positive predictive value of current
prodromal diagnostic criteria, false-positive diagnoses occur. False-positive diagnoses are likely to occur with disorders such as major depression, bipolar disorder, OCD,
and schizotypal personality disorder. In the PRIME
Clinic sample, most of the patients who did not progress
to schizophrenia remained prodromal, and only a few experienced remission of prodromal symptoms within 12
months. Although false-negative diagnoses are also likely
to occur, we have thus far found that patients who had not
initially met prodromal criteria did not progress to psychosis within the next year. Examination of larger groups
of patients over several years will undoubtedly help clarify
the extent of false-positive and false-negative diagnoses.
Current prodromal diagnostic criteria identify mostly
late prodromal patients who are at imminent risk for progression to psychosis and do not capture all patients who
are truly prodromal. Patients who do not initially meet
full criteria should be asked to return for a new assessment
if their symptoms worsen because a few such patients have
subsequently progressed to the point of meeting prodromal criteria (Miller et al. 2002).

TREATMENT
TREATMENT STUDIES
Two controlled studies involving treatment of prodromal
symptoms with atypical antipsychotic medications have
been done. In the first trial, prodromal patients were
randomly assigned to receive open-label risperidone and
cognitive-behavioral therapy (CBT) plus usual care
(n=32) or usual care alone (n=28) (McGorry et al. 2002)
for 6 months. The major dependent variable was onset of
psychosis. Risperidone 1–2 mg/day plus antidepressants
and anxiolytics as needed were given to the medication
group. The patients receiving risperidone also received
CBT in 12–24 sessions, but the usual-care patients did
not. Six-month conversion to psychosis rates were 9.7%
for risperidone plus CBT and 35.7% for usual care (P<
0.05). Risperidone was stopped after 6 months, and patients were followed up for 6 more months. Some patients
converted to psychosis during the medication-free follow-up interval.
The results of the study provide strong support for the
ability of an atypical antipsychotic medication in conjunction with CBT to postpone, rather than eliminate, pro-
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gression to psychosis among prodromal patients. Moreover, no significant differences were observed in severity
of illness ratings at fixed 6-month intervals for each of the
treatment groups after treatment had been discontinued.
The finding that those patients randomly assigned to
receive risperidone converted to psychosis after risperidone was discontinued suggests that treatment delays but
does not prevent onset. It also suggests the need for more
studies of longer-term medication administration. Because the medication and CBT were bundled together, it
is unknown whether the beneficial effects could be attributed to risperidone separately, to CBT separately, or to
the combined effects of both treatments. Also, because of
the open-label design of the study, the placebo effect of
the medication could not be assessed.
McGlashan et al. (2003) conducted a double-blind,
placebo-controlled trial of olanzapine in 60 prodromal
patients. This trial consisted of a four-site North American study comparing the safety and efficacy of olanzapine
(n=31) with placebo (n=29) in the treatment of prodromal
symptoms. In this study, individual and family psychosocial interventions were given to each patient in both arms
of the trial. Olanzapine was given at dosages ranging from
5 to 15 mg/day, with a mean maximum dosage of 10.2 mg/
day. Analyses of the first 8 weeks of treatment with the
SOPS indicated that the patients randomly assigned to receive olanzapine improved from baseline significantly
over 8 weeks. The 1-year results showed that 16 patients
became psychotic, including 11 from the placebo group
(McGlashan 2004) and 5 from the olanzapine group.
Eight of the 16 patients converted within the first month
from baseline. Weight gain was significantly greater in the
olanzapine group, but the adverse events, including extrapyramidal side effects, were generally the same for both
groups. The results of more extended analyses are pending at this time.
These trials underscore important ethical dilemmas—
the risk of not intervening medically in the prodromal
phase for true prodromal patients at imminent risk
for psychosis versus the risk of unnecessary treatment for
false-positive prodromal patients. The primary risks for
prodromal patients concern medication side effects,
stigma, and placebo (McGlashan 2001). Medication side
effects of the new-generation antipsychotics are mild to
moderate, although long-term adverse effects are unknown. Moreover, the benefits can be significant. Clinicians may delay diagnosis of schizophrenia for fear of socially stigmatizing the patient. At the PRIME Clinic,
prodromal patients are told that they are “at risk” for psychosis but that psychosis is not inevitable. Although some
patients have denied that anything is wrong, none have
experienced seriously negative consequences from the

“at-risk” designation. Patients who are truly prodromal
and given placebo in a medication trial may be considered
at even greater risk, if in fact antipsychotic medication
could delay or even prevent onset of psychosis. However,
evidence for such a clear benefit is only beginning to accumulate. The current state of our clinical knowledge regarding treatment of the prodrome reflects the concept of
“equipoise,” or a state of genuine clinical uncertainty regarding the relative merits of early detection and treatment of the prodrome.

TREATMENT RECOMMENDATIONS
Early identification and treatment of the prodrome at the
PRIME Clinic have had several benefits, including
reduced psychosocial morbidity. Patients and their families express relief that the condition is recognized, monitored, and treated with minimal disruption of daily life
and usually on an outpatient basis. Social withdrawal and
isolation are reduced, and families receive emotional support and education about the prodrome.
We recommend active follow-up care for prodromal
patients at frequent intervals. Although the length of follow-up will vary with the needs of the individual, establishment of a treatment alliance with the patient and the
family is critical for extended diagnostic evaluation, overall stress reduction, and timely crisis intervention. We also
recommend a detailed assessment of global functioning at
baseline and at periodic intervals not only to guide treatment but also to reduce strain in the family by setting reasonable goals.
We recommend supportive therapy for the patient,
family therapy, psychoeducation, and liaison with other
treating physicians and therapists. Safety issues, including
substance abuse, poor self-care, and suicidal and homicidal behavior, must be vigorously addressed. Comorbid
disorders should be treated.
Treatment of the prodrome with conventional antipsychotics currently being used in the treatment of
schizophrenia is still in its research phase and is not recommended for standard treatment. From a research perspective, drugs that target mechanisms of action such as
excessive oxidative stress and hypofunction of the Nmethyl-D-aspartate subtype of glutamate receptors may
be beneficial, including glycine, omega-3 fatty acid supplementation, and lamotrigine.
Even though we favor a measured and hopeful approach to the family’s concerns about the future of the
prodromal patient, a frank discussion about the options of
more intensive treatment, community resources, and case
management services should be introduced sooner rather
than later if conversion occurs.

The Prodrome
Certainly, establishment of early-detection programs
within larger mental health units will identify prodromal
patients and provide many rich opportunities for treatment research in this extremely interesting clinical population. The shadowy path that arcs from birth to the first
psychotic episode is likely to be further illuminated by accumulating knowledge of the phases of the prodrome.
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In this chapter, we review the clinical features that characterize the premorbid, prodromal, and first-episode
phases of schizophrenia. We also discuss the current understanding of optimal treatment of the first episode. In
particular, recognition and treatment of psychosis soon
after illness onset may improve outcomes; however, treatment delay continues to be a public health concern. Pharmacological treatment continues to be the cornerstone of
treatment, but other modalities, including individual,
group, and family therapies, may increase the likelihood
of full recovery.

STAGES OF ILLNESS
PREMORBID
The psychoses that define schizophrenia (also the related
schizoaffective and schizophreniform disorders) emerge in
adolescence or early adulthood for about 70% of affected
individuals (Alda et al. 1996; Hafner and Nowotny 1995).
Vulnerability to schizophrenia may be a result of a combination of genetic and environmental factors that cause

altered brain development during fetal life or shortly after
birth (see Chapter 4, “Prenatal and Perinatal Factors,” this
volume). The clinical manifestations of this altered brain
development are subtle but detectable. Longitudinal studies of the offspring of individuals with schizophrenia consistently find that impairments in attention, verbal memory, executive function, motor skills, social function, and
school function in childhood predict subsequent risk of
schizophrenia (Niemi et al. 2003).
Many (Cannon et al. 1999; Fuller et al. 2002; Isohanni
et al. 2000; Zammit et al. 2004) but not all (Cannon et al.
2002; Jones et al. 1994) population-based cohort studies
found that academic performance in childhood was similar for individuals who later developed schizophrenia and
those who did not. One study found that for individuals
who later developed schizophrenia, performance on standardized academic tests in eleventh grade significantly declined from performance in fourth and eighth grade
(Fuller et al. 2002). Prospective studies of individuals at
high risk for schizophrenia because they have a firstdegree relative with psychosis generally find that these
high-risk individuals have lower IQ in childhood, but to
some extent, the lower IQ is related to environmental

353

354

THE AMERICAN PSYCHIATRIC PUBLISHING TEXTBOOK OF SCHIZOPHRENIA

rather than genetic factors (Niemi et al. 2003). The Edinburgh High-Risk Study found that for the 5 subjects who
developed psychosis, IQ had declined at follow-up from
baseline (asymptomatic) evaluation, whereas no change in
IQ occurred in the 54 high-risk subjects who did not develop psychosis (Cosway et al. 2000). Several high-risk
studies have found attentional deficits present in childhood (Niemi et al. 2003). For example, in the New York
High-Risk Project, 58% (7 of 12) of the subjects who developed a psychotic disorder had attentional deficits compared with only 22% (15 of 67) of the high-risk subjects
who did not develop a psychotic disorder (Ott et al. 1998).
The authors noted that the severity of deficits was stable
at each assessment period.
Several studies have found that IQ or performance on
standardized tests of academic performance declines during adolescence prior to the emergence of frank psychosis
(Ang and Tan 2004; Fuller et al. 2002; Zammit et al.
2004). In the retrospective study of performance on standardized scholastic tests described earlier, these same students who had been performing close to average in grade
and middle school were performing significantly below
average by eleventh grade on tests of reading (40th percentile), language (37th percentile), and sources of information (41st percentile) (Fuller et al. 2002). A decline
in cognitive function likely underlies this decline in academic performance and may be the earliest symptomatic
manifestation of illness onset.
Studies have found that deficits in self-reported social
and organizational ability and in measured intellectual
function are predictive of later development of schizophrenia (Davidson et al. 1999). However, the rate of development of schizophrenia is relatively low: about 1 in 10,000
individuals in the general population per year. Risk prediction leads to concern about both false-positive and falsenegative results. The predictive accuracy may be quantified
by the specificity (to identify correctly who will not become
ill out of all of those who do not eventually become ill) and
sensitivity (to identify correctly who will become ill from all
those who do eventually become ill) of the criteria. A set of
criteria with low sensitivity will miss many people who are
indeed at risk. Of perhaps more concern with criteria used
to identify a person as at risk for developing a psychotic disorder is the specificity, because falsely identifying someone
as “at risk” may lead to undue worry and concern, potentially be stigmatizing, and result in inappropriate treatment. The success of risk prediction is always limited by the
underlying rate of illness. Because schizophrenia is relatively rare, with an estimated lifetime risk of 1 per 100, even
criteria with high specificity (e.g., >0.90) will have many
more false-positive than true-positive results (Perkins
2000, 2004).

PRODROMAL
Subjectively experienced prodromal symptoms may herald
the development of psychosis by a few weeks to a few years.
Symptoms include frequent misperceptions, such as seeing
things out the corner of one’s eye or hearing knocking or
whistling noises. Prodromal symptoms also include subdelusional changes in thought process and content (e.g.,
becoming very suspicious of others) or ideas of reference.
Individuals also may complain of worsening problems with
easy distractibility and poor attentional abilities. These
symptoms may impair ability to function at school, work,
or in social situations, and the functional difficulties are
often what bring the person to clinical attention ( J. Addington et al. 2002). Much of the decline in social and occupational function associated with schizophrenia occurs
during the prodrome, prior to the onset of frank psychosis
(Hafner et al. 1999; Yung and McGorry 1996). Recent
efforts have had some success at identifying individuals in
the prodromal stage, prior to the onset of a full psychotic
syndrome (Miller et al. 2003; Yung et al. 2004).

EMERGENCE OF PSYCHOSIS (FIRST EPISODE)
Typically, schizophrenic psychotic disorders, including
schizophrenia, schizoaffective disorder, and schizophreniform disorder, begin in adolescence or early adulthood.
Epidemiological studies estimate the average age at onset
in women to be about 29 years, somewhat older than the
average age at onset in men (25 years) (Hafner et al. 1998;
Jablensky and Cole 1997). Onset occurs for most individuals (about 75%) between ages 15 and 30 (Heiden and
Hafner 2000). Age at onset may vary in specific populations. For example, both men and women who have a firstdegree relative with a psychotic disorder have a younger
age at onset (Gorwood et al. 1995). In addition, some evidence over the past century suggests that age at onset may
be later (Di Maggio et al. 2001; Stompe et al. 2000).
The symptoms of schizophrenia emerge gradually,
over many months to years, for about half of affected individuals and abruptly, over days or weeks, for the other half
of affected individuals (Harrison et al. 2001). As the symptoms of schizophrenia emerge and the illness progresses,
profound decrements in social and vocational function
may occur. The diagnosis of schizophrenia requires hallucinations, delusions, or disorganization, but it is often the
other associated impairments in cognitive function and the
severity of negative symptoms that most contribute to social and vocational impairments (M.F. Green et al. 2000).
The clinical progression of schizophrenia occurs during
the initial decade of illness, followed by relative clinical
stability (Hafner and an der Heiden 1997).

355

First Episode

Lieberman et al. 2003a
Wiersma et al. 2000
Amminger et al. 2002
Malla et al. 2002b
Linszenet al. 2001
Verdoux et al. 2001
Black et al. 2001
Larsen et al. 2000
Hoff et al. 2000
Ho et al. 2000
Drake et al. 2000
Browne et al. 2000
Barnes et al. 2000
Robinson et al. 1999b
McGorry et al. 1996
Larsen et al. 1996
Szymanski et al. 1996
Loebel et al.1992
0

10

20 30

40 50

60 70

80 90 100 110 120 130 140 150 160 170 180

Weeks

F I G U RE 2 0 – 1.
schizophrenia.

Mean duration of time between onset of psychosis and initiation of treatment in patients with

THE PROBLEM OF TREATMENT DELAY
Considerable delay often occurs between the onset of psychotic symptoms and treatment initiation (duration of untreated psychosis). In most communities, an average of a
year or more elapses from the time psychosis first occurs
to first treatment, whereas the median time to treatment is
shorter (about 3–4 months) (Larsen et al. 2001) (see Figure
20–1). The reasons for treatment delays are not well understood. In part, delay is a result of lack of recognition of
the symptoms of psychosis as a mental illness by the patient
and significant others (Lincoln and McGorry 1995; Lincoln et al. 1998; Perkins et al. 1999). However, it appears
that despite the presence of frank psychotic symptoms, the
patient, family, and health care provider may not recognize
the illness as psychosis (J. Addington et al. 2002).
For several reasons, treatment delay is currently one
of the most serious deficiencies in the clinical manage-

ment of schizophrenia. First, the emerging psychotic and
other symptoms of schizophrenia impair social and occupational or school function, with significant functional
decline occurring in the first few years of illness. The onset of illness in the late teens to 20s for most affected individuals is a crucial time for psychosocial development.
Emerging psychosis often derails normal development,
and early intervention may minimize functional losses.
Second, psychosis is associated with behavioral disturbances that later may be viewed as embarrassing or that
are criminal and have legal consequences. Third, the onset of psychosis is a period when individuals are at increased risk for aggressive behaviors toward others, property, or themselves (Milton et al. 2001). Although little
systematic study of this issue has been done, it stands to reason that the sooner psychosis is appropriately treated, the
lower the risk for psychosis-related aggressive behaviors.
Duration of untreated psychosis has emerged as an independent predictor of likelihood and extent of recovery
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from an initial first episode and thus may be a potentially
modifiable prognostic factor. A meta-analysis of 42 research reports from 28 studies found that shorter duration
of untreated psychosis was associated with greater response to antipsychotic treatment, including improvement in severity of global psychopathology, positive symptoms, negative symptoms, and functional outcomes (Perkins
et al. 2005). These associations were independent of the
effect of other variables also associated with prognosis, including premorbid function. The effect persists into the
chronic stage of illness, affecting outcomes after 15 years
of illness.
Clinical programs that provide early intervention have
been less systematically investigated but may reduce the
likelihood of hospitalization and improve outcome. Recent specialized programs directed at the education of community and health care providers have proven successful
in dramatically reducing treatment delays. For example,
the Norwegian Early Treatment and Intervention in Psychosis project involved a comprehensive multimedia educational program targeting general population, health
professionals, and schools and establishment of a rapid
early intervention treatment team (Johannessen et al.
2001). Before the program, duration of untreated psychosis was, on average, 114 weeks (median =26 weeks). Following the program, duration of untreated psychosis was
reduced, on average, to 26 weeks (median=5 weeks) (P <
0.0005) (Larsen et al. 2000).
In a follow-up study, duration of untreated psychosis
and symptom severity were compared between two areas,
one that received intense community and professional education (Rogaland County, Norway) and the other that
did not (Oslo County, Norway, and Roskilde County,
Denmark). Both areas had specialized first-episode treatment programs. Median duration of untreated psychosis
in the intervention city was 5 weeks compared with 16 weeks
in the nonintervention city (P=0.003). In addition, symptom severity was significantly lower and 3-month clinical
outcome was significantly better in the intervention program (Melle et al. 2004). Similar programs exist elsewhere, including the first such program in Australia
(Early Psychosis Prevention and Intervention Centre
[EPPIC]) (McGorry et al. 1996). In the EPPIC, duration
of untreated psychosis was reduced and outcomes were
better for individuals with shorter duration of untreated
psychosis (Harrigan et al. 2003). Cost of care was reduced
30% in the first year of treatment, mainly as a result of reduced hospital days (Mihalopoulos et al. 1999). Several
other first-episode programs in the United Kingdom,
Canada, Europe, and Asia have successfully reduced duration of untreated psychosis (Scholten et al. 2003).

TREATMENT OF THE FIRST EPISODE
GENERAL PRINCIPLES
The first episode of schizophrenia is usually frightening
and even traumatic for the patient and his or her family
because of the symptoms of the illness and, at times, the
coercive, confusing, or unpleasant treatment interventions. Initial treatment should not only address the psychotic symptoms but also minimize subjective distress and
focus on establishing a therapeutic alliance. For most patients, antipsychotic treatment results in remission of positive symptoms. Following the initial clinical response to
antipsychotics and other treatments, functional recovery
is emphasized. Residual symptoms, including cognitive
impairments and negative symptoms, may impede functional recovery. Comorbid disorders, especially substance
use disorders, should be identified and addressed. Relapse
risk is very high, even in patients with good symptomatic
and functional recovery, but long-term maintenance
treatment with antipsychotic drugs substantially reduces
the risk of relapse. Specialized first-episode treatment
programs emphasize rapid entry into the health care system and intense services, including optimal pharmacotherapy, community-based services, individual and family
therapeutic interventions, and assertive outreach to engage and maintain the patient in treatment.

ANTIPSYCHOTIC CHOICE AND DOSING
All antipsychotics are effective at reducing or eliminating
positive symptoms; however, there may be individual differences in both symptomatic response and the experience
of side effects. Compared with the first-generation antipsychotics, the second-generation antipsychotics have a
decreased risk of neurological side effects, especially tardive
dyskinesia, and better subjective tolerability (Lehman et al.
2004b). With the exception of clozapine, which is reserved
for patients with treatment-resistant disorder because of its
side-effect profile, there is no evidence of clinically meaningful differences in efficacy among the second-generation
antipsychotics (Lehman et al. 2004b). However, several
controlled studies now suggest greater efficacy of at least
some second-generation compared with first-generation
antipsychotics (Davis et al. 2003; Lieberman et al. 2005).
In addition, new data are consistent with the theory
that second-generation antipsychotics may offer neuroprotection, at least to some patients. A multisite, randomized, double-blind comparison of haloperidol and
olanzapine in 262 first-episode patients diagnosed with
schizophrenia compared brain structural volumes during
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F I G U RE 20 – 2. Whole-brain gray matter magnetic resonance imaging volumes for patients with schizophrenia,
by treatment group, for observed cases.
For whole-brain gray matter volume, haloperidol-treated patients had a significant—both within-group (P<0.002) and between-group
(P<0.006)—volume loss compared with olanzapine-treated patients at all time points.

the first 2 years of treatment (Lieberman et al. 2005).
Olanzapine-treated subjects did not show significant decreases in whole-brain gray matter volumes over the follow-up period, unlike haloperidol-treated subjects (see
Figure 20–2). For comparison purposes, healthy subjects
from four sites underwent the same brain imaging. Haloperidol-treated subjects showed significant reductions
in whole-brain gray matter volume, whereas olanzapinetreated subjects and healthy comparison subjects did not
show volume reductions (see Figure 20–3). Better clinical
outcomes, including improved neurocognitive function
and less negative symptom severity, were associated with
less reduction in gray matter volumes. This study offers
preliminary evidence that second-generation antipsychotics may have long-term benefits, although it is not clear
from the results whether the differences between olanzapine and haloperidol in gray matter volumes reflect haloperidol-associated toxicity or a neuroprotective effect of
olanzapine.
In first-episode patients, the second-generation antipsychotics that have been systematically studied show reduced risk of neurological side effects but increased risk of
other side effects, including weight gain, lipid abnormalities, and prolactin elevation (Emsley 1999; Lieberman et
al. 2003b). Quetiapine, aripiprazole, and ziprasidone
may be associated with reduced risk of weight gain and
endocrine and metabolic disturbances, but these agents
have not yet been systematically studied in first-episode

patients (Walter et al. 2001).
The dose of antipsychotic needed to achieve positive
symptom remission in first-episode patients is typically
lower than the dose needed in chronically ill patients, and
use of lower doses often minimizes side-effect risk (Chakos et al. 1996; Cullberg 1999). For example, in a case series of 35 patients who received very-low-dose haloperidol (1 mg/day for first 6 weeks, mean dose at 12 weeks=
1.8 mg/day), 66% had remission of positive symptoms by
12 weeks of treatment. This response rate is similar to response rates in other first-episode studies, with very low
risk of extrapyramidal side effects (Oosthuizen et al.
2004). Similarly, in a dose-finding study with first-generation antipsychotics, first-episode patients developed parkinsonian symptoms at much lower doses than did chronically ill patients (McEvoy et al. 1991). A recent study of
49 acutely psychotic, neuroleptic-naive patients with
schizophrenia, schizophreniform disorder, or schizoaffective disorder found that 2 or 4 mg/day of risperidone was
equally efficacious, with an advantage for the lower dosage in fine motor functioning (Merlo et al. 2002). Consistent with these studies, the American Psychiatric Association “Practice Guideline for the Treatment of Patients
With Schizophrenia” and the Schizophrenia Patient Outcomes Research Team recommend that patients in a first
psychotic episode should be given doses that are about
half of the dose used in chronically ill populations (Lehman et al. 2004a, 2004b).
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F I G U RE 2 0 – 3. Whole-brain gray matter magnetic resonance imaging (MRI) volumes for patients, by treatment
group, and for healthy volunteers.
Baseline, week 12, and week 52 (means±SDs) magnetic resonance images of healthy volunteers (n=58) and patients (n=75) from four
sites were analyzed. Pairwise analyses: Least-squares mean changes in volume of the whole-brain gray matter in the haloperidol group
differed significantly from those of olanzapine-treated patients (week 12, P<0.001; week 52, P<0.008) and healthy volunteers (week
12, P<0.001; week 52, P<0.003) at each time point.

The median time to positive symptom remission is
about 3 months, but many patients will require 6–12 months
to realize the maximal benefit of the antipsychotic (Loebel
et al. 1992). Clinicians need to avoid pressures to escalate
the dose past reasonable target doses, especially in the first
few weeks of treatment. Early dose escalation increases
the risk of poorly tolerated side effects without the likelihood of more rapid or better symptom response. Furthermore, because the first episode is a time when patients
form their attitudes about treatment, efforts that minimize unpleasant side effects may influence patients’ willingness to take medications long term. In a study of firstepisode patients, the only variable that predicted whether
patients would attend a follow-up assessment was antipsychotic dose, with those taking higher doses less likely to
comply (Jackson et al. 2001).

(Robinson et al. 1999b). A more recent randomized, double-blind clinical trial in 160 first-episode patients found
that most patients had achieved positive symptom remission by 1 year with clozapine (81%) or chlorpromazine
(79%) (Lieberman et al. 2003a). Subjects randomized to
clozapine responded more quickly and remained in remission longer than did those receiving chlorpromazine,
however, suggesting some advantage for the secondgeneration antipsychotic. The positive symptom responsivity of first-episode patients is also found in community
treatment programs; in one clinical program, 37 of 53 (70%)
patients taking primarily second-generation antipsychotics achieved complete positive symptom remission by
1 year (Malla et al. 2002a).

POSITIVE SYMPTOMS

Negative and cognitive symptoms of schizophrenia generally take longer to respond compared with positive symptoms and may not substantially benefit from antipsychotic
treatment. In addition, the relative refractoriness of negative and cognitive symptoms may contribute to the less
than optimal functional recovery that is often observed in
first-episode patients (J. Addington et al. 2003; Kopala et
al. 1996; Lieberman et al. 2003b; Verdoux et al. 2002).

Studies consistently find positive symptom remission or
near remission with both first- and second-generation
antipsychotics. For example, in 70 first-episode patients
who received first-generation antipsychotics, positive
symptoms remitted by 1 year for 83%, with mean and
median time to remission of 36 and 11 weeks, respectively

NEGATIVE AND COGNITIVE SYMPTOMS
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First-generation antipsychotics may, to some extent,
benefit cognitive function and negative symptoms (Davis
et al. 2003; Mishara and Goldberg 2004); second-generation antipsychotics offer somewhat greater benefits. For
example, a double-blind, randomized trial compared olanzapine and haloperidol in 167 first-episode patients with
schizophrenia, schizoaffective disorder, or schizophreniform disorder (Keefe et al. 2004). After 12 weeks of treatment, significantly greater improvement in cognitive
function, as measured by a weighted composite score of
measures of verbal fluency, motor function, working memory, verbal memory, and vigilance, was seen in olanzapinetreated patients compared with haloperidol-treated patients, but cognitive function improved with both treatments. Similarly, in this same study, olanzapine-treated
patients, compared with haloperidol-treated patients, had
greater improvement in negative symptom severity (Lieberman et al. 2003b). Naturalistic studies generally find
cognitive and negative impairments to be stable, at least
in the early stage of illness, although a subgroup of patients with poor prognosis may experience decline in cognitive function (Addington et al. 2003; Stirling et al. 2003;
Townsend et al. 2002).

RESIDUAL SYMPTOMS
Level of functional recovery is correlated with severity of
residual negative and cognitive symptoms and to a lesser
extent with residual positive symptoms (Malla et al.
2002b). Residual positive symptoms are often addressed
by sequential trials of different antipsychotics because
patients may have profound individual differences in
response to any given antipsychotic. Clozapine or the
addition of adjunctive treatments (e.g., valproate) also
may benefit residual positive symptoms in some patients
(Casey et al. 2003; Lehman et al. 2004b). Nonpharmacological strategies, specifically cognitive-behavioral therapy, have shown efficacy for residual positive symptoms in
clinical trials (Haddock et al. 1998).
Little systematic study is available to guide clinicians
when confronted with residual mood lability, dysphoria,
or anxiety in first-episode patients. Benzodiazepines are
effective in treating anxiety, but their use is limited if comorbid substance abuse or substance use disorder is
present (Wolkowitz and Pickar 1991). Mood stabilizers,
including anticonvulsants and lithium, are widely used
in patients with schizophrenia, and some evidence indicates that they also may reduce impulsivity and aggression
(Lehman et al. 2004b).
On presentation with an acute psychotic episode, firstepisode patients often have mood symptoms (D. Addington et al. 1998). Depressive symptoms often will resolve

as psychotic symptoms remit (Koreen et al. 1993); however, a postpsychotic depression may develop. The sparse
available clinical trial data give mixed results for the value
of antidepressants in patients with schizophrenia, even
those whose symptoms meet full major depression syndrome criteria (D. Addington et al. 2002; Levinson et al.
1999). Most clinicians will recommend an antidepressant
trial if significant depressive symptoms are present, given
the relative safety of most antidepressants in common use
(Lehman et al. 2004b).
For most first-episode patients, negative symptoms
are secondary to either antipsychotic side effects (e.g.,
parkinsonian-related akinesia or apathy), depression (e.g.,
social withdrawal, anhedonia), or the effects of illness on
self-esteem (e.g., poor motivation due to concerns about
failure). Treatment thus should address the underlying
cause. Residual primary negative symptoms (e.g., deficit
syndrome) are difficult to treat, with no proven options.
Medications under study include those that affect the Nmethyl-D -aspartate receptor, such as glycine (HerescoLevy et al. 1999), D-cycloserine (Goff et al. 1999), and
neurosteroids (Strous et al. 2003).
Few proven treatments are available to address residual cognitive symptoms as well. The second-generation
antipsychotics improve neurocognitive function in firstepisode patients compared with first-generation antipsychotics, with the effect likely to be clinically meaningful
(Emsley 1999; Keefe et al. 2004).

SUICIDE
The suicide risk is high in patients with schizophrenia,
with about 1 of 10 patients eventually dying by suicide.
More than half of these suicides occur within the first
5 years of illness (Verdoux et al. 2001). In addition, a significant minority (approximately 15%–25%) of first-episode patients make a suicide attempt prior to treatment
(J. Addington et al. 2004; Cohen et al. 1994; Steinert et al.
1999). Although the presence of depression in the presenting psychotic episode or in the postpsychotic period
is an important risk factor for suicide, patients with
schizophrenia may attempt suicide in the absence of
prominent depressive symptoms as a result of hallucinations, paranoia, disorganization, or other symptoms considered more primary to psychosis or other factors.
Evidence indicates that first-episode treatment programs reduce suicide risk in recovering first-episode patients (J. Addington et al. 2004), although in a randomized
controlled trial, suicidality was not reduced in patients
treated in a specialized first-episode treatment program
(Nordentoft et al. 2002). Clozapine is indicated for the
treatment of suicidality in patients with schizophrenia
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(Meltzer et al. 2003). Although its use in first-episode
schizophrenia has been studied recently (Lieberman et al.
2003a), clozapine is not considered at this time a first-line
drug for first-episode schizophrenia given the risk of lifethreatening complications. It should be considered early
in the course of treatment only in patients whose symptoms are unresponsive to other second-generation antipsychotic drugs or whose suicidality remains a prominent
residual symptom.

SUBSTANCE USE DISORDERS
Substance use and substance use disorders are common in
first-episode patients (A.I. Green et al. 2004). Use of certain substances, particularly marijuana and psychostimulants, may be environmental factors that affect vulnerability to psychosis and impair recovery (Andreasson et al.
1987; Hambrecht and Hafner 2000; Linszen et al. 1994).
Illicit substance use is also associated with poor adherence
to treatment and thus is associated with increased relapse
risk (Coldham et al. 2002; A.I. Green et al. 2004; Hudson
et al. 2004). Thorough evaluation and targeted treatment
of substance use is thus a critical component of first-episode treatment. The use of pharmacological strategies is
not well researched, and clinicians often turn to strategies
proven to be useful in substance-dependent patient populations (Noordsy and Green 2003).

MAINTENANCE PHASE TREATMENT
RELAPSE PREVENTION
Even with recovery from a first psychotic episode, the risk
of eventual relapse is very high. Longitudinal studies generally find that by 1 year after recovery, about one-third
of patients have experienced relapse, and by 2 years, twothirds have relapsed. With sufficient follow-up periods,
more than 90% of patients will experience recurrence of
symptoms.
Relapse risk is greatly diminished by maintenance antipsychotic treatment (Robinson et al. 1999a). With multiple episodes of psychosis, some proportion of patients
fail to recover, at least to the same degree as with their first
episode (Lieberman et al. 1996). This process of psychotic
relapse, treatment failure, and incomplete recovery leads
many patients to a chronic course of illness (Lieberman
1999). The deterioration process occurs predominantly in
the early phases of the illness, especially during the first
5–10 years after the initial episode.
However, even with strong evidence of the risk of relapse without antipsychotic medication, no clear consensus has been reached on the recommended duration of

treatment for patients who have recovered from a first
episode of schizophrenia. The American Psychiatric Association “Practice Guideline for the Treatment of Patients With Schizophrenia” (Lehman et al. 2004b) recommends the following:
In arriving at a plan of treatment with remitted firstepisode patients, clinicians should engage patients in
discussion of the long-term potential risks of maintenance
treatment with the prescribed antipsychotic versus risk of
relapse (e.g., effect of relapse on social and vocational
function, risk of dangerous behaviors with relapse, and
risk of developing chronic treatment-resistant symptoms). Prudent treatment options that clinicians may
discuss with remitted patients include either 1) indefinite antipsychotic maintenance medication or 2) medication discontinuation with close follow-up and a plan of
antipsychotic reinstitution with symptom recurrence.
(p. 26)

Specialized first-episode treatment programs find relatively low relapse rates. In a Dutch program in which
76 patients recovering from a first episode of psychosis
had received treatment, only 15% had experienced symptom exacerbation after 15 months of treatment (Linszen
et al. 1998). After 15 months of initial treatment, followup care was provided in the community. Within 5 years of
initial recovery, 52% had at least one relapse, and 25% experienced chronic residual symptoms.
During both the acute phase and, more importantly,
the maintenance phase of treatment, close monitoring for
medication side effects is necessary. Regular monitoring
should be done for abnormal involuntary movements and
parkinsonian symptoms, sexual side effects, weight gain,
metabolic status (e.g., glucose, cholesterol, triglycerides),
and sedation (Lehman et al. 2004b).

FUNCTIONAL RECOVERY
First-episode patients treated in routine clinical settings
typically have a deteriorating illness course despite good
initial symptomatic response. For example, in a study of
349 patients followed up to 15 years after their first onset
of schizophrenia, 17% had no disability at follow-up,
whereas 24% still had severe disability, and the remaining
59% had varying degrees of disability (Wiersma et al. 1998).
Although little systematic investigation has been done,
specialized first-episode treatment programs may
improve functional outcomes (J. Addington et al. 2003;
Carbone et al. 1999; Linszen et al. 1998; Malla et al. 2003).
Optimal maintenance pharmacological treatment may be
required for functional recovery, but in some patients,
medications will not be sufficient, and other treatment
modalities will be needed.
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MODEL FIRST-EPISODE PROGRAMS
The best psychosocial interventions for first-episode patients remain unknown, although specialized first-episode
treatment programs may use a combination of strategies
with some indication of success. The goals of treatment
are symptomatic and functional recovery. In addition to
optimal pharmacological therapy, as discussed earlier,
model programs include family therapy, individual
therapies, and group therapies. Many programs include
an intense treatment model that is a modification of Assertive Community Treatment (ACT). Ongoing studies
are investigating the effect of various therapies on outcome. The results of preliminary studies are mixed, with
some but not all studies indicating benefit from one or
more elements of first-episode treatment programs (Jackson et al. 2001; Jorgensen et al. 2000; Kuipers et al. 2004;
Leavey et al. 2004; Nordentoft et al. 2002). The potential
of these programs to improve overall prognosis for a substantial number of patients warrants further investigation.

CONCLUSION
Early treatment of schizophrenia and related psychotic
disorders is likely to minimize risk of the complications of
untreated psychosis, including dangerous behaviors and
functional impairments. Intervention soon after the onset
of illness may increase the likelihood of recovery. Pharmacotherapy should be optimized, and family and individual
psychotherapy should be considered, to increase the likelihood of functional recovery. Once remission from the
first episode is reached, the clinician and patient face the
difficult issue of maintenance treatment duration. Despite
remission, relapse risk is very high. Clinically useful predictors of the small minority who maintain remission
without pharmacotherapy have not yet been identified,
and the optimal length of maintenance treatment for recovered patients is not known. Prevention of recurrent relapse may reduce risk of clinical deterioration.
Second-generation or atypical antipsychotics represent an advance in the treatment of first-episode schizophrenia, with evidence for greater tolerability with equal
or better therapeutic efficacy compared with first-generation antipsychotics in this population. Future research
will help to characterize the efficacy of atypical antipsychotics relative to one another and define the effect of
their use on the long-term outcomes of schizophrenia;
however, available evidence and consensus expert opinion
support their use as first-line treatment in first-episode
schizophrenia (Lehman et al. 2004a).
There is movement toward developing specialized
programs to treat individuals in the early course of illness.

The term critical period refers to the initial few years of illness, when attitudes and beliefs toward illness are developed and initial treatment occurs. Intense treatment,
including family, group, and individual therapies, and assertive community outreach during this critical period
may reduce the risk of suicide and relapse and may increase symptomatic and functional recovery.
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The advent of new-generation antipsychotics, led by clozapine, and of psychosocial interventions that demonstrably improve patient functioning and quality of life has
made optimal treatment of chronic schizophrenia very
different now than it was a couple of decades ago. Clinicians
have several therapeutic options for which solid evidence
of efficacy exists. The goals of treatment can and should
be loftier than keeping patients out of the hospital and adequately managing medication side effects. However, a relatively small minority of patients become symptom-free
and without need for medication or other interventions.
Thus, long-term treatment of schizophrenia typically
means long-term engagement of patients and clinicians
in efforts to optimize outcomes and minimize morbidity
and suffering. This is an ongoing problem-solving exercise, in which both patients and treatments change over
time. There are seldom single answers that are best for everyone. Rather, for any individual, a range of treatment
choices must be tailored to his or her needs and circumstances.

The goal of this chapter is to highlight some of the issues that arise repeatedly in treating chronic schizophrenia and to discuss the evidence and observations that can
help guide treatment selection. We first describe a set of
principles for treating the multiple facets of schizophrenia
over the course of illness after the first episode. Then we
address a series of frequently asked questions faced by
psychiatrists in their daily work with patients with schizophrenia. The literature on evidence-based practices in
schizophrenia is dominated by studies of acute treatments
and interventions. Long-term studies are extraordinarily
difficult to conduct because of the expense and high dropout rates. Moreover, during long-term studies, new treatments arise, and health care delivery systems change, confounding efforts to attribute patient outcomes to any
single intervention or set of interventions. Therefore, we
are often in the position of extrapolating from relatively
short-term studies and relying on expert opinion regarding long-term approaches to treatment of chronic schizophrenia.
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PRINCIPLES OF LONG-TERM
TREATMENT
DIAGNOSIS
The diagnosis of schizophrenia has major implications for
treatment and prognosis, as well as for eligibility for public
assistance programs. DSM-IV-TR (American Psychiatric
Association 2000) diagnostic criteria for schizophrenia are
reasonably clear-cut and are unlikely to change substantially until we have reliable and valid biological tests (e.g.,
genetic analyses) to replace or supplement history and
clinical observation. Especially in the early years of illness,
however, diagnosis may be confounded by substance
abuse, prominent affective symptoms, denial of symptoms,
and the hope that the illness is something other than
schizophrenia. Moreover, clinicians are understandably
reluctant to label patients with the diagnosis of a devastating illness until they feel assured of its accuracy. However,
correctly making the diagnosis is a critical step in developing a treatment plan to optimize quality of life and reduce
the negative effects of the illness. Thus, diagnosis should
be an ongoing process. As the course of illness and
response to treatment unfold, diagnosis must be updated.

INTEGRATION OF TREATMENTS
The major conclusion of the New Freedom Commission
on Mental Health (2003) was that the mental health care
system in the United States is fragmented and in chaos.
Thus, the patient with chronic schizophrenia often must
deal with multiple different providers of care and resources. Given that some degree of cognitive impairment
and disorganization is characteristic of the illness (Palmer
et al. 1997), an individual with schizophrenia negotiating
the way through the multiple systems faces a daunting,
even impossible, task. Thus, the treatment plan must be
integrative, not one that compartmentalizes treatment according to provider profession, without regard to how the
pieces fit together. Because physician time is relatively expensive, the task of integrating elements of care often falls
to nonphysicians, with physicians cast in the role of prescribing medications and supervising other members of
the treatment team. In the context of an illness that affects
all aspects of the patient’s life, however, prescribing cannot occur in a vacuum of knowledge about living environment, resources, and social circumstances, all of which can
hugely affect prescribing decisions. Conversely, psychotropic medications, and their side effects, can profoundly
affect progress toward other goals, such as work and independent living.

TREATMENT PLANS
The treatment plan is a vital communication tool among
those responsible for the patient’s treatment. It should
reflect all treatment goals, specify the mechanisms to
achieve them, and assign primary responsibility for each
to members of the treatment team. Progress toward goals
should be documented. Changing circumstances for the
patient or regarding treatment options require updating
the treatment plan. The treatment plan is a synthesis of
treatment team and patient goals for treatment that should
be determined collaboratively. For example, a patient may
not view absence of symptoms as an important treatment
goal but may readily agree that talking to himself interferes with his socialization goals. The process of mutually
identifying and agreeing on treatment goals is discussed
more in a later section on adherence.

DOCUMENTATION
A recent study of medical record documentation of psychotic symptoms and medication side effects in patients
with schizophrenia found that symptom documentation
was incomplete 55% of the time and that side-effect documentation was incomplete 85% of the time, when chart
documentation was compared with direct patient observations made by trained investigators (Cradock et al. 2001).
The study was done in typical mental health clinics, in
which physician turnover is often high and patients with
unscheduled visits are seen by someone other than their
regular physician. Under these conditions, if the chart
does not convey the information needed to make rational
prescribing decisions, the potential for erratic and inconsistent decision making is enormous, and physician time
is inefficiently spent trying to extract historical treatment
details from patients and their families.
Although documentation is an individual responsibility, much of the care of patients with chronic schizophrenia occurs in organizations such as hospitals and clinics.
There is an organizational responsibility to work with
practitioners to identify which critical elements of information are needed (and how often) and then to structure
paper or electronic record keeping to facilitate documentation of these elements. Documentation requirements
must deal with the realities of clinical care. For example,
a half-hour assessment protocol is inconsistent with seeing patients every 20 minutes.

USE OF “EFFECTIVE” TREATMENTS
The evidence-based treatments described in preceding
chapters of this book have been the focus of efficacy and
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effectiveness (real-world) trials. When an individual patient does not respond to one of these treatments, there
are two possible reasons: 1) the treatment was ineffective
for the patient, or 2) the treatment was ineffectively delivered. Distinguishing between these possibilities can be
difficult or impossible but is well worth the effort. An ineffective treatment is not a future option, whereas an ineffectively delivered treatment could be of great value if
used correctly.
Ineffective use of medications can be by patient (not
taken as prescribed) or by prescriber (incorrect dose or inadequate duration of dose). Similarly, ineffective use of
nonmedication interventions can be by patient (inadequate participation) or by provider (incorrect application
of intervention). Again, good documentation of treatment
is essential for evaluating provider variables. Partial or total nonadherence by patients to psychosocial treatment is
usually easy to recognize because adherence means being
physically present and participating in the activity. Taking
oral medications as an outpatient, in contrast, typically
occurs in the absence of clinicians and often with no supervision. Recent studies indicate that clinicians tend to overestimate schizophrenic patient adherence to taking antipsychotic medications (Byerly et al. 2003) and that partial
adherence is very common (Lacro et al. 2002). Long-acting
(depot) injectable antipsychotics are an option for one component of inadequate medication adherence.

CONTEXT
Patients with schizophrenia are affected by physical environment and by family and social environments. Many of
these contextual factors can be improved (or made less
stressful) by proven therapeutic interventions that change
the patient’s family, work, or physical environment (e.g.,
Drake et al. 1996; Pitschel-Walz et al. 2001; Velligan et al.
2000). In addition, the patient’s own view and understanding of his or her illness is important. Denial of illness is a
strong predictor of medication nonadherence and of
relapse (Perkins 2002; Zygmunt et al. 2002). Thus, the
treatment team should evaluate and, as indicated, work to
change the context within which the patient operates,
including patient understanding and perceptions.

COMMON CLINICAL QUESTIONS
WHAT ARE THE OPTIONS FOR ANTIPSYCHOTIC
TREATMENT FAILURES?
Much of the debate about antipsychotic use centers around
selection of “first-line” choices and whether first-genera-
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tion antipsychotics still belong in this category. In an illness that, for most patients, needs treatment for decades,
however, decisions about how to handle treatment failures
are far more frequent than decisions about what to start at
the outset of the illness. Moreover, even though a large
majority of patients with chronic schizophrenia in the
United States are now taking second-generation antipsychotics, many have had one or more trials of first-generation antipsychotics in the past. Thus, the most common
clinical decision about what to do next is for the patient
who has failed or been intolerant of at least one first-generation antipsychotic and at least one second-generation
antipsychotic.
Most of the voluminous literature on randomized controlled trials of the efficacy of antipsychotics in chronic
schizophrenia consists of parallel-group studies comparing antipsychotics with one another or with placebo. This
study design yields no information about how to treat
those who do poorly on their assigned treatment. By far,
the highest-quality evidence for how to treat antipsychotic
medication failures comes from multiple studies of clozapine that showed its unique value for treatment-refractory
schizophrenia (Kane et al. 1988, 2001).
Findings from several studies of switching between
antipsychotics have been published and typically show
that patients do better on a new antipsychotic (Casey et al.
2003a; C.T. Lee et al. 2002; Weiden et al. 1997, 2003).
Unfortunately, most of these studies are designed to address the question of how best to switch from current
medications to a new one rather than quantifying the benefits of switching. To answer the latter question, the study
needs to include a group that is not switched so that the
effects of time and natural variation in illness severity can
be controlled for. Published switch studies that lack this
comparison group do not inform us if improved outcomes
after switching are a result of the new medication or other
factors.
Various expert consensus guidelines and algorithms
have attempted to guide clinicians in selecting a rational
sequence of medication treatments for chronic schizophrenia (Altamura et al. 1997; “Canadian Clinical Practice Guidelines for the Treatment of Schizophrenia”
1998; Frances et al. 1996; Kane et al. 2003b; McEvoy et
al. 1999; Miller et al. 1999, 2004; Pearsall et al. 1998; Lehman et al. 2004; Smith and Docherty 1998; Stahl 1999).
The recommendations in these guidelines and algorithms
are based on a mixture of established evidence and expert
opinion. An antipsychotic algorithm based solely on data
from two or more methodologically sound randomized
controlled efficacy trials for schizophrenia would have
two recommendations: 1) begin with an approved antipsychotic that does not carry a “black box” warning from
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Evidence of antipsychotic efficacy at different stages of schizophrenia

Stage of illness

Strong evidence

Moderate evidence

Weak evidence

First episode

Treat with antipsychotic

Use newer antipsychotic

Choice of specific antipsychotic

Use another antipsychotic
(other than clozapine)

Choice of specific antipsychotic

Failure of first antipsychotic
Failure of second antipsychotic

Use clozapine

Failure of third antipsychotic

Use clozapine

Failure of clozapine
Failure of clozapine
augmentation

the U.S. Food and Drug Administration (FDA), and 2) use
clozapine for treatment-refractory schizophrenia. Clinicians, however, want to know whether to start with a newer
or an older antipsychotic, whether a newer antipsychotic
may work when an older one has not and vice versa, how
many different trials are warranted before clozapine should
be used, and what to do for those whose symptoms respond poorly to clozapine. Expert opinion is fairly uniform in several of these areas, yet convincing new data could
change these opinions dramatically. Thus, for example,
recent guidelines and algorithms generally recommend
newer-generation antipsychotics ahead of first-generation
antipsychotics for first-episode treatment, mainly for reasons of safety and tolerability. Much-needed data on effects of these agents on long-term course of illness and
general health could, however, strongly reinforce or contradict this recommendation. A synthesis of recommendations from antipsychotic guidelines and algorithms that
rates quality of evidence for the recommendations is presented in Table 21–1.

WHAT ARE THE OPTIONS FOR THE PATIENT W ITH
TREATMENT-REFRACTORY SCHIZOPHRENIA?
The terms treatment refractory and treatment resistant usually refer to persistent positive symptoms in a person who
has had two or more adequate antipsychotic trials (Buckley et al. 2001). Functional impairment is not specified but
implied. That is, residual psychotic symptoms that have
little or no effect on day-to-day functioning are not viewed
as warranting aggressive changes in therapy to totally eliminate them.
As noted in an earlier chapter (see Chapter 17, “Pharmacotherapies,” this volume), studies of the efficacy of
clozapine for treatment-refractory schizophrenia indicate
that this medication should be tried in every patient in this
category. However, these same studies indicate that about

Use another antipsychotic
(other than clozapine)

Augment clozapine
Use another antipsychotic or
combination of antipsychotics

half the group will have an inadequate response. It is important to use blood levels to verify that an adequate trial
of clozapine has been given. Evidence suggests that a
plasma clozapine concentration of 350 ng/mL or more is
needed for optimal effectiveness (Perry 2001).
If 20% of patients with schizophrenia have a treatmentrefractory disorder and half do not respond to clozapine,
then 10% of all patients with schizophrenia have an illness
for which no randomized controlled trials show efficacy of
treatments available in the United States. Those who refuse clozapine or cannot tolerate it must be added to this
10%. Thus, most clinicians who see more than a few patients with schizophrenia probably have multiple patients
who fall into this category.
Because the literature is so sparse, most treatment guidelines have no recommendations for treating this population. There is some evidence (including one randomized
controlled trial), however, for the value of clozapine augmentation with another antipsychotic (Friedman et al.
1997; Henderson and Goff 1996; Mowerman and Siris
1996; Shiloh et al. 1997). Some evidence also supports
clozapine augmentation with electroconvulsive therapy
(Benatov et al. 1996; Fink 1998; Kales et al. 1999; Kupchik
et al. 2000; Landy 1991; Safferman and Munne 1992) or
with lamotrigine (see subsection “What About Other
Agents Combined With Antipsychotics?” later in this
chapter). Thus, when expert groups have addressed the issue, clozapine augmentation is the first-choice recommendation for those patients with an inadequate response
to clozapine (McEvoy et al. 1999; Miller et al. 1999, 2004).
The greatest number of reports is on augmentation with
another antipsychotic. Use of a clozapine-augmenting agent
with potent dopamine receptor–blocking activity has
pharmacological appeal, but no actual evidence shows
that this property is important to successful augmentation, and evidence from animal studies indicates that addition of dopamine receptor antagonists will increase the
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risk of extrapyramidal side effects (EPS) and tardive dyskinesia (Kapur et al. 2002).
For patients who refuse clozapine, medication options
are to administer an antipsychotic that has not already
been used (including a first-generation antipsychotic if
the patient has no history of failure to respond to one from
this group) or a combination of agents. At a recent consensus conference, expert opinion was that a trial of a different single antipsychotic should precede use of combinations, mainly because of safety considerations and the
greater likelihood that monotherapy will be better adhered
to (Miller et al. 2004). A patient history of having had a
partial response to an earlier antipsychotic trial would suggest that this agent should be one of the components of a
trial of combined antipsychotics.
Nonmedication interventions may be very useful for
patients with refractory symptoms. There is growing evidence that cognitive treatment can modify problematic
behavioral responses to persistent psychosis (Cormac et
al. 2002). Family and other caregivers can benefit from
support, support groups, and multiple family therapy
(Dixon et al. 2001).

WHAT IS THE EVIDENCE REGARDING
COMBINATION ANTIPSYCHOTIC TREATMENTS?
In the United States, 10%–20% of patients with schizophrenia are simultaneously taking more than one antipsychotic drug, which is referred to as combination antipsychotics or antipsychotic polypharmacy (Miller and Craig 2002).
The evidence for efficacy of antipsychotic combinations
was recently summarized by Stahl and Grady (2004). On
the basis of all published reports as of the end of 2003, the
total number of patients receiving combinations with clozapine was 276, whereas the number receiving all other
combinations was 77. By contrast, when newer antipsychotics are presented to the FDA for approval, several
thousand patients have been treated with them.
Absence of evidence for efficacy of combination antipsychotics does not mean that they are ineffective for individual patients, but it does mean that clinicians should
carefully evaluate the effects of the combination relative
to monotherapies, including clozapine, and document
their superiority. Reasons for not using combination antipsychotics unnecessarily include added side-effect burden, increased risk of harmful drug–drug interactions, decreased adherence, difficulties in making rational dose
adjustments, and increased costs (Miller and Craig 2002).
Combinations often start as short-term measures (added
as needed or for cross-titration) that become indefinitely
extended. The added value of the combination, if any, can
be established only by showing that outcomes are better

for the combination than for either medication alone. Another consideration in assessing a combination is that its
effectiveness may be a result of a higher total dose of antipsychotic, which could have been achieved more simply
by increasing the dose of the first antipsychotic. Unless it
has been documented, before adding the second agent,
that dose increases of the first agent were ineffective,
there is no way to distinguish between these possibilities.

WHAT ABOUT OTHER AGENTS
COMBINED WITH ANTIPSYCHOTICS?
Psychotropics other than another antipsychotic can be
combined with an antipsychotic for treatment of a host of
coexisting symptoms and syndromes, as noted in the chapters on coexisting conditions (see Chapter 12, “Co-occurring Substance Use and Other Psychiatric Disorders,”
and Chapter 22, “Nonpsychiatric Comorbid Disorders,”
this volume). Here, we focus on use of agents to enhance
antipsychotic efficacy for core symptoms of schizophrenia.
Data on augmentation of antipsychotics with other
agents are scarce. Initial positive reports on reductions in
psychopathology by open-label combination of clozapine
with lamotrigine (Dursun and Deakin 2001; Dursun et al.
1999) were recently confirmed in a randomized controlled trial, although the magnitude of the improvement
was quite small (Tiihonen et al. 2003). Augmentation of
risperidone or olanzapine with divalproex was found to
reduce positive symptoms more than adding placebo to
these antipsychotics in the initial weeks of treating acute
episodes, but the difference was no longer detectable after
4 weeks (Casey et al. 2003b). Efforts to treat negative
symptoms of schizophrenia with antidepressants have
produced mixed results, with little evidence of much effect on “core” negative symptoms (R.W. Buchanan et al.
1996, 1998).

WHICH ACUTE PATIENT CHARACTERISTICS
INFLUENCE CHOICE OF TREATMENT?
The second edition of the American Psychiatric Association “Practice Guideline for the Treatment of Patients
With Schizophrenia” (Lehman et al. 2004) states that the
goals of treatment of an acute psychotic exacerbation include
To prevent harm, control disturbed behavior, reduce the
severity of psychosis and associated symptoms (e.g., agitation, aggression, negative symptoms, affective symptoms), determine and address the factors that led to the
occurrence of the acute episode, effect a rapid return to
the best level of functioning, develop an alliance with the
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patient and family, formulate short- and long-term
treatment plans, and connect the patient with appropriate aftercare in the community. (p. 3)

Once diagnosis is established, treatment with an antipsychotic should begin promptly. The patient’s past experiences with antipsychotic medications, in terms of both
therapeutic benefit and tolerability, may help in selecting
a particular agent. The usual dosage ranges for the available antipsychotics are listed in Table 17–1 in Chapter 17
(“Pharmacotherapies”). During the first few days of treatment, adjunctive benzodiazepines can be very helpful in
decreasing agitation and subjective distress and can improve sleep. Affective features that accompany acute exacerbations frequently clear with antipsychotic treatment
alone. However, if depression persists, an antidepressant
can be added. Persistent agitation and hostility can be addressed with a mood stabilizer or β-blocker.
Clinicians must immediately assess risk for dangerousness to self or others in patients experiencing an acute
exacerbation of psychosis. Prior suicide attempts, depressed mood, hopelessness, and suicidal ideation all
elevate the risk for suicide attempts and should lead to
heightened monitoring by staff. Prior violence to others,
current violent impulses, comorbid substance use disorder, current intoxication, and unmedicated psychosis all
predict increased short-term risk for violence (Borum et
al. 1996). The goal of risk assessment is to establish any
information that should lead to clinical concern; clinical
concern should lead directly to clinical intervention (e.g.,
treatment of psychosis, detoxification, or hospitalization).
Acute psychotic exacerbations occur for a variety of
reasons during the long-term course of schizophrenia.
Initially, it is useful to determine whether the exacerbation resulted from a period of nonadherence with prescribed antipsychotic medication. Patients whose exacerbations are related to medication nonadherence tend to
have low levels of insight and often require involuntary
commitment to receive treatment (McEvoy et al. 1984).
Recovery may take weeks to months after antipsychotic
treatment is reinstituted. As the patient recovers, the clinician should explore with the patient what led him or her
to discontinue the prescribed medication (e.g., side effects, cost, felt he or she did not need it), attempt to resolve the issues involved, and develop a collaborative plan.
Patients with acute psychotic exacerbations despite
adherence to antipsychotic treatment tend to have higher
levels of insight, to be subjectively distressed, and to seek
treatment on a voluntary basis. Independent, external
stresses often can be identified (e.g., death of a supportive
relative), or an episode of substance abuse may have occurred. These patients usually will recover within days in

a protected setting if their current antipsychotic is simply
continued at its original dose, although a brief temporary
increase in dose or the addition of a benzodiazepine for a
few days may be helpful. Psychosocial interventions to relieve the external stressors, or referral for substance use
treatment, may be indicated (McEvoy et al. 1984).
In the current environment of short-term inpatient, or
even outpatient, treatment of acute psychotic exacerbations, the clinician must maintain contact with the patient’s family and those involved in the patient’s living, vocational, and social situations to attempt to coordinate an
adequate support system. Some patients have a history of
medication adherence, no history of substance use or violence, and a stable living situation. However, some challenging patients commonly have more than one of the following features: homelessness, comorbid substance use,
violence, and frequent rehospitalization or incarcerations.
The fundamental treatment goals for these patients are
ensured antipsychotic treatment and stable housing. Unless an exceptionally dedicated assertive community treatment team is available to find these patients every day and
deliver oral antipsychotic treatment to them, the use of a
long-acting injectable antipsychotic is indicated. Homeless patients do not have a safe place to store medication
or a stable daily routine into which taking medication can
be woven.

WHICH LONG-TERM PATIENT CHARACTERISTICS
INFLUENCE CHOICE OF TREATMENT?
In the context of treating chronic schizophrenia, longterm patient characteristics refer to demographic or relatively enduring features of the patient that clinicians
should attend to in selecting treatments. A key task of psychiatric practice is selection and adaptation of evidencebased treatments to optimize their use for individual patients. Because age is such an important factor, we discuss
it as a separate issue later in this chapter.
Selection of long-term medication treatment should
take into account the patient’s current and past physical
and medical conditions, as well as family medical history.
Antipsychotic drugs present a spectrum of side effects
(see Table 17–2 in Chapter 17, this volume) that can help
guide medication choice.
In promoting informed decision making and medication adherence, discussion of potential side effects of
medication options with patients is a critical step in the
medication selection process. Characteristics such as obesity, high blood pressure, family history of sudden death,
high sensitivity to side effects, family history of diabetes,
and cardiac conditions can help guide choice of antipsychotic
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Problematic
side effect
Safe, effective treatment for
side effect available?
Yes
No

Stay, try treatment

Side-effect treatment
works?
Consider switch

No

Effective alternative
available?

Yes
Stay

Yes
Consider switch

No
Stay

Risks of staying outweigh
risks of switching?
Yes
Switch

No
Stay

F I G U RE 2 1– 1 . Flowchart for deciding whether a patient whose condition has been stabilized with an antipsychotic that has a problematic side effect should be maintained on that medication or switched to another antipsychotic.
medication. Ultimately, however, the primary goal of medication is optimal treatment of schizophrenia. Avoidance
of unwanted side effects is extremely important, but relief
of suffering and disability caused by the illness is paramount. Thus, clinicians frequently end up facing the dilemma of treating patients who are doing the best they
have ever done while taking a medication but have a side
effect (e.g., weight gain) that is physically and medically
problematic.
No rules exist for these situations, but logic can be
used to find an individualized solution to the dilemma.
Clinicians and patients should collaboratively examine
several questions: Are there effective, tolerable, safe treatments for the side effect? Are there medication alternatives with a reasonable chance of success? On the basis of
history and current circumstances, what are the risks of
unsuccessful treatment with a different antipsychotic?
These questions should be periodically revisited as new
information about treatments and side effects emerges
and patient circumstances change. Although the evidence

is scanty, pessimism about the ability of patients with
chronic schizophrenia to benefit from behavior change
programs does not seem warranted. A recent report, for
example, showed quite good effects of a weight-control
program for managing weight gain associated with second-generation antipsychotics (Vreeland et al. 2003). Figure 21–1 presents a decision tree to help guide medication
decision making for the person with chronic schizophrenia who is well stabilized but has problematic side effects.

HOW SHOULD MEDICATION ADHERENCE
PROBLEMS BE EVALUATED AND TREATED?
Potential causes of relapse in chronic schizophrenia are
manifold, but inadequate adherence to prescribed medication regimens always should be considered as a contributing factor. Most patients fall somewhere on the spectrum between complete medication adherence and total
nonadherence. This raises the question of how much adherence is enough. A cutoff of taking less than 75%–80%
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of the prescribed doses is often used to define inadequate
adherence, but the empirical basis for this is not strong.
Some data suggest that as adherence declines below
100%, a direct relation is seen between degree of nonadherence and level of symptoms (Docherty et al. 2003).
Dose of medication, relative to minimally effective dose,
obviously makes a difference if missed doses are sporadic
rather than grouped. That is, if a patient taking double his
or her minimally effective dose misses half of each daily
dose, the net result approximates the minimally effective
dose, whereas the same degree of nonadherence in a patient prescribed his or her minimally effective dose would
result in clearly subtherapeutic dosing.
No “gold standard” exists for assessing outpatient oral
medication adherence (Velligan et al. 2003). Objective
measures, such as pill counts, blood levels, or use of devices that record opening of the pill container, have practical limitations in terms of time and effort or expense.
Moreover, these methods require patients to remember to
bring their containers or when to take their last dose before having blood drawn. Physician and patient estimates
of adherence are far easier to obtain, but recent studies
have found that both groups significantly overestimate pill
taking, relative to objective measures (Byerly et al. 2003;
Lam et al. 2003). Thus, a clinician examining a previously
stable patient whose symptoms have worsened is often
without any reliable way of determining whether decreased medication adherence is a contributing factor or
whether medication effectiveness has decreased. Increasing the dose of medication may be effective in either
circumstance; thus, improvement after a dose increase
should not be construed as clear evidence that the patient’s dose–response curve has changed. A blood level
measurement after the patient has restabilized while taking the same medication may be useful as a baseline measure against which to compare blood levels at the time of
any future relapses. If a patient’s illness worsens with no
change in the treatment regimen, then careful questioning about the details of medication taking and side effects
is warranted. If a patient cannot describe when, where,
and what medicines are taken, nonadherence may be the
problem. Similarly, if there are no side effects, or if previously reported side effects are suddenly denied or have
become more tolerable, the patient may not be taking the
medication.
Repeated relapses, with improvements during periods
of controlled supervision of medications and worsening
when medication administration is not supervised, are
strongly suggestive of adherence problems. Many factors
can contribute to inadequate medication adherence, but a
few deserve special mention here because of their frequency:

• Substance abuse involving drugs and/or alcohol is
common in schizophrenia and can result in poor medication adherence. Direct inquiries about substance
abuse to patients and those in frequent contact with
them can be supplemented with blood and urine testing.
• Problems with side effects can contribute to erratic
taking of medications, and patients may incorrectly attribute dysphoric experiences to medication side effects. Exploration of the contribution of side effects,
real or perceived, to medication nonadherence is worthwhile.
• Availability of medications can interfere with medication adherence. Sometimes the issue is cost, but often
the long waits and relatively remote pharmacies stand
in the way of better adherence. For patients with an illness that affects motivation and planning abilities, the
role of systemic barriers to obtaining and refilling
medication prescriptions is always a consideration.
Several psychosocial interventions to improve medication adherence in schizophrenia have been evaluated.
One controlled study of compliance therapy found that
identifying patient goals and aspirations and relating them
to treatment outcomes affected by medications improved
medication adherence (Kemp et al. 1998). However, this
finding was not confirmed in a recent replication study
(O’Donnell et al. 2003). Both studies began with inpatients, but the earlier study included outpatient follow-up
sessions, which may have contributed to the differing results.
Boczkowski et al. (1985) found that behavioral tailoring resulted in significantly greater increases in adherence
than did psychoeducation:
The investigator helped each participant tailor his prescribed regimen so that it was better adapted to his personal habits and routines. This involved identifying a
highly visible location for the placement of medications
and pairing the daily medication intake with specific
routine behavior of the participant. Each participant was
given a self-monitoring spiral calendar, which featured a
dated slip of paper for each dose of the neuroleptic. The
participant was instructed to keep the calendar near his
medications and to tear off a slip each time he took a pill.
(p. 668)

Supervision of outpatients by family members or
friends can enhance compliance (A. Buchanan 1992;
McEvoy et al. 1989b). Case workers and assertive community treatment teams can deliver and oversee taking of
medications, as can operators of residential facilities.
Sometimes hospital-based, legally sanctioned coercion is needed to ensure that medications are delivered.
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Unfortunately, available evidence suggests that the patients who most resist treatment and require coercion
show little or no improvement in acknowledgment of illness and need for treatment when they are forcibly treated,
even though their psychiatric symptoms diminish significantly (Marder et al. 1984; McEvoy et al. 1989a). Therefore, after discharge, these patients are unlikely to continue with treatment when the choice is again theirs in the
outpatient setting. However, outpatient commitment has
been shown to improve medication adherence in this
group, as discussed in Chapter 18 (“Psychosocial Therapies”) (Swartz et al. 2001).
For patients who have adherence problems with oral
medications but are willing to continue taking medications, the clinician can consider changing to a different,
better-tolerated oral medication or to a depot preparation. On average, patients find the newer antipsychotics
more tolerable (Hellewell 2002), yet the evidence thus far
is that better tolerability results in only modest gains in
adherence (Dolder et al. 2002). Depot preparations have
the virtues of certainty of administration and immediate
knowledge of missed doses. The magnitude of the relapse-prevention advantage of using depot antipsychotics
has varied considerably across studies, depending on
study design and type of patients enrolled (Adams et al.
2001; Schooler 2003), but outcomes generally have been
superior to oral treatment with the same medication. The
introduction of the first depot preparation of a secondgeneration antipsychotic—risperidone—gives clinicians a
useful new depot option (Kane et al. 2003a).

UNCOMMON SYNDROMES
POLYDIPSIA–HYPONATREMIA
Polydipsia–hyponatremia is a common syndrome among
chronically hospitalized psychotic patients, especially
those with schizophrenia. The literature review of De Leon
et al. (1994) suggested that more than 20% of chronically
hospitalized patients have polydipsia, and one-quarter of
these (5% of the total) also have hyponatremia. In a subsequent prospective epidemiological study of a state hospital, De Leon et al. (1996) found that 26% of the total
chronically hospitalized population had polydipsia and
that 5% also had hyponatremia. Nursing and other clinical staff can often identify patients who are drinking
excessive amounts of water. A urine-specific gravity less
than 1.009 is suggestive of polydipsia. If a patient appears
to have polydipsia, it may be useful to carefully check
weights between 7:00 and 8:00 A. M., after the patient

voids and before breakfast, and again between 3:00 and
4:00 P.M., with the patient wearing similar clothing. The
normalized diurnal weight gain is the percentage of
weight gained between morning and afternoon, calculated by dividing the day’s weight gain by the morning
weight. A normalized diurnal weight gain less than 1.2%
is normal. A normalized diurnal weight gain greater than
4% carries a serious risk of water intoxication.
Polydipsia–hyponatremia may lead to urological (bladder dilatation), cardiovascular (congestive heart failure),
or central nervous system (seizures) complications (Delva
et al. 2002). Abnormalities in the release of antidiuretic
hormone or atrial natriuretic peptide do not fully explain
the polydipsia–hyponatremia syndrome (Kawai et al. 2001;
Verghese et al. 1998). However, in the presence of polydipsia, events that can lead to increased release of antidiuretic
hormone (heavy cigarette smoking, vomiting, head injury,
psychotic exacerbation, or drugs such as carbamazepine)
may lead to hyponatremia (Kawai et al. 2001). Patients with
polydipsia who have developed hyponatremia should have
their weights checked several times daily. A gain of 10%
or more of their baseline weight (first morning weight after voiding) should lead to fluid restriction.
Clozapine is the one pharmacological treatment that
has shown consistent therapeutic benefit for patients with
polydipsia–hyponatremia (H. S. Lee et al. 1991; Spears et
al. 1996; Verghese et al. 1998); clozapine produces decreased fluid intake and urine volume and increased serum sodium and osmolality. Other pharmacological
agents, including other second-generation antipsychotics,
angiotensin-converting enzyme inhibitors, clonidine,
β-blockers, naloxone, and democlocycline, have been
tried but have not shown replicable benefit (Delva et al.
2002). Patients who develop severe hyponatremia need
medical treatment in an intensive care unit. The serum
sodium levels should be raised gradually over several days
to avoid risk of osmotic demyelination syndrome (Edoute
et al. 2003).

CATATONIA
Catatonia is a syndrome of motor and behavioral abnormalities that may accompany a wide range of psychotic,
mood, or medical disorders (Rosebush and Mazurek 1999).
Examination for catatonia is not a part of the routine mental status or physical examinations, and catatonia can be
missed. The Catatonia Rating Scale has been developed
and tested for this purpose (Braunig et al. 2000). In patients
with schizophrenia, catatonia is predominantly characterized by grimacing, jerky movements, mannerisms, rituals,
exaggerated responsiveness, and posturing.
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It is important to correctly recognize catatonic hypomotility because hypomotility is associated with considerable morbidity, including dehydration, infection, malnutrition, and thromboembolism (Rosebush and Mazurek
1999). Intramuscular or intravenous benzodiazepines usually will relieve catatonic hypomotility within minutes and
preclude or limit the need for maintenance intravenous or
nasogastric tube feeding and catheterization. Electroconvulsive therapy can benefit those patients with hypomotility not relieved by benzodiazepines.

INTEGRATING PHARMACOTHERAPY
AND PSYCHOSOCIAL TREATMENT
Long-term treatment in chronic schizophrenia should be
based on a recovery model that seeks to optimize an individual’s overall well-being. The recovery orientation focuses on improving functional outcomes, including vocational, social, and educational outcomes, and quality of
life. Because improvements in these outcomes almost always require both psychosocial treatments or rehabilitation and pharmacotherapy, these two modalities of treatment should be integrated in long-term strategies.
The treatment literature provides some guidance regarding approaches to combining treatments. Psychosocial treatments are most likely to be effective when symptoms have been adequately treated with drugs. A large
multicenter study found that psychosocial treatments could
actually lead to a worse outcome when outpatients with
schizophrenia were given a placebo (Hogarty et al. 1974).
In addition, psychosocial treatments are more effective
when medication adherence is ensured by a long-acting
injectable antipsychotic (Hogarty et al. 1979). Another
study with social skills training found that patients who
received a type of pharmacotherapy that minimized the
proportion of time that they were in a psychotic state also
showed the greatest improvements in social adjustment
(Marder et al. 1996).
The introduction of the second-generation antipsychotics also has provided information suggesting that
pharmacological strategies can promote psychosocial
treatments and rehabilitation. The strongest evidence has
emerged from a Department of Veterans Affairs Cooperative Study that compared clozapine and haloperidol
(Rosenheck et al. 1998). The use of psychosocial treatments was monitored during the study. Patients who received clozapine were more likely to participate in psychosocial treatments. This interaction of second-generation antipsychotics and psychosocial treatments is supported by a study that found that patients who received

risperidone and a more intensive form of social skills
training tended to have better outcomes relative to treatment with haloperidol and the same social skills training
(Marder et al. 2003). Taken together, these studies suggest
that second-generation antipsychotics, perhaps because
of reduced EPS, improved adherence, or improved effects
on cognition or negative symptoms, may facilitate productive use of psychosocial treatments.

TREATMENT OF CHRONIC
SCHIZOPHRENIA IN OLDER PATIENTS
The number of elderly people with schizophrenia is expected to more than double over the next three decades
(Palmer et al. 1999). Several unique clinical features associated with aging make treatment in older patients a challenge as well as an opportunity to help improve their functioning and quality of life. In this section, we focus on
characteristics that distinguish the treatment of chronic
schizophrenia in older adults.

DIAGNOSIS
Most older patients with schizophrenia had their onset of
illness in adolescence or early adulthood and thus have
had many years of experience with the illness. A little
more than 20% of the patients with schizophrenia manifest symptoms of the illness for the first time in middle or
old age (Harris and Jeste 1988). Inconsistencies in nosology and a tendency to attribute late-onset psychoses to
“organic” factors or to mood disorders have led to diagnostic confusion in these cases.
The International Late-Onset Schizophrenia Group
(Howard et al. 2000) concluded that two separate categories had face validity and clinical utility: 1) late-onset
schizophrenia (mostly middle-age onset—i.e., during the
fifth, sixth, or seventh decade of life) and 2) very-lateonset schizophrenia-like psychosis (onset during or after
the seventh decade). Patients meeting strict clinical criteria for late-onset schizophrenia are similar to those with
early-onset schizophrenia in clinical symptomatology,
family history, cognitive deficits, nonspecific brain imaging abnormalities, course of illness, and treatment response and do not manifest mood disorders or dementia
when followed up over several years (Jeste et al. 1997).
Also, several important and consistent differences between early- and late-onset schizophrenia suggest that the
latter should be identified as a distinct subtype of schizophrenia. Such differences include a much higher prevalence of late-onset schizophrenia in women, its associa-
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tion with paranoid subtype, less severe negative symptoms
and cognitive impairment, and a need for lower doses of
antipsychotics.
Very-late-onset schizophrenia-like psychosis, a heterogeneous group of disorders, differs from both early- and
late-onset schizophrenia in that it is associated with sensory impairment, social isolation, visual hallucinations, and,
usually, progressive cognitive decline but is not characterized by formal thought disorder, affective blunting, or
family history of schizophrenia.

COURSE
The course of schizophrenia in late life varies considerably. Whereas a small minority of patients experience complete or nearly complete remission of symptoms, and a
small minority worsen to the level of dementia, most patients have a relatively stable course, with significant improvement in psychotic symptoms (Bleuler 1972/1978;
Cohen et al. 2000; Jeste et al. 2003b). The rate of agingassociated cognitive decline in older community-dwelling
schizophrenic patients is similar to that in age-comparable
nonschizophrenic individuals (Eyler Zorrilla et al. 2000;
Heaton et al. 2001). However, because patients with schizophrenia generally have a greater degree of premorbid cognitive deficits, they continue to be more impaired than
nonschizophrenic subjects in later life as well. In contrast
to younger adults, physical comorbidity is a greater problem than illicit substance abuse in older patients with
schizophrenia.

PHARMACOKINETICS AND PHARMACODYNAMICS:
AGE-RELATED CHANGES
Older patients show greater variability of response and
greater sensitivity to medications than do younger adults
(Jeste et al. 2005). Elderly patients tend to have higher
blood levels and to be more sensitive to the therapeutic
and adverse effects of antipsychotic medications compared with their younger counterparts, implying that
lower dosages than those used in younger patients may be
optimal. The “start low and go slow” approach to starting
new medications is often appropriate for older patients.

CONTEXT
Most older people with schizophrenia are not institutionalized and do not live with families. Common residences
for them include assisted living facilities (e.g., a boardand-care home) or quasi-independent settings such as single-room-occupancy hotels. The level and quality of
health care provided in these settings vary widely and gen-

erally range from inadequate to poor. A treating psychiatrist needs to review the entire biopsychosocial situation
to ensure that all general medical conditions are evaluated
and treated appropriately, no unnecessary polypharmacy
is found, and the patient has access to various available
forms of social assistance.

BASELINE EVALUATION
Before an antipsychotic is started in an elderly person, a
comprehensive medical and psychosocial evaluation is
recommended. Physical comorbidity and polypharmacy
(including the use of prescribed and over-the-counter
medications, nutritional supplements, and herbal supplements) frequently complicate treatment in older patients.
Cognitive and sensory deficits may interfere with adherence to prescribed medication regimens. Elderly patients
may unintentionally take incorrect doses of medications
or follow erroneous dosing schedules.

SELECTION OF AN ANTIPSYCHOTIC
Special considerations in an elderly person include the
potential adverse consequences of adding an antipsychotic to a preexisting medication regimen or effects on a
comorbid physical illness. Second-generation antipsychotics are preferred to conventional ones given the high
risk of EPS and tardive dyskinesia in older persons. One
exception to this rule is a patient who has been taking a
first-generation antipsychotic for many years, is stable,
does not have distressing side effects, and does not want
to risk switching to another antipsychotic. In terms of
choosing among different second-generation antipsychotics, no studies show greater efficacy of one over the
others in elderly patients. Therefore, the selection is determined primarily by the side-effect profiles of individual
antipsychotics in the context of a given patient’s medical
status, other pharmacological regimen, and relevant psychosocial considerations (including medication costs).
Recently, the FDA issued a “black box” warning regarding increased mortality with atypical antipsychotics
in elderly patients with dementia-related psychosis.
Whether this increased risk extends to elderly patients
with schizophrenia is unknown.
Table 21–2 lists the clinically significant side effects of
antipsychotics and those antipsychotics more commonly
associated with these effects in elderly patients. This table
may help the clinician to decide which agents to avoid in
a given patient. For example, the patients in whom urinary retention needs to be avoided, such as those with
prostatic hypertrophy, should not be given the antipsychotics that are more likely to produce anticholinergic ef-
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Side effects associated with different antipsychotics in elderly patients

Side effect

Antipsychotics more commonly associated with these effects

Sedation

Typical antipsychotics, clozapine, olanzapine, quetiapine,
aripiprazole

Anticholinergic effects
Central (confusion, disorientation,
agitation, delirium)
Peripheral (constipation, urinary retention,
glaucoma, dry mouth)

Thioridazine, chlorpromazine, clozapine

Orthostatic hypotension

Low-potency first-generation antipsychotics, clozapine, quetiapine (others in
high doses)

Extrapyramidal symptoms

High-potency first-generation antipsychotics, risperidone (olanzapine in high
doses)

Weight gain

First-generation antipsychotics, clozapine, olanzapine (high doses of risperidone
and quetiapine)

Hyperprolactinemia (sexual dysfunction,
osteoporosis)

First-generation antipsychotics (especially haloperidol), risperidone

Cerebrovascular accidents in elderly patients
with dementia

Risperidone, olanzapine,a aripiprazole

Increased mortality in elderly patients
with dementia

All atypical antipsychotics

a
This is based on recent analyses of combined databases with these agents; a cause-and-effect relation between these agents and cerebrovascular events
has not yet been established.

fects. An increased incidence of diabetes has been noted
with at least some of the newer antipsychotics. This potential complication of antipsychotic treatment is discussed in Chapter 17 (“Pharmacotherapies”).

tardive dyskinesia with first-generation antipsychotics has
been found to be sixfold higher (i.e., about 30%; Jeste et
al. 1999b) in later life than in younger adults. Other side
effects of particular concern in elderly patients include sedation, anticholinergic effects, and postural hypotension.

First-Generation Antipsychotics
Although there is a relative dearth of literature on the effects of first-generation or typical antipsychotics in elderly patients, these drugs have been shown to be at least
moderately effective in the treatment of schizophrenia
(Jeste et al. 2003a) or psychosis of Alzheimer’s disease
(Katz et al. 2003; Street et al. 2000) in elderly patients.
Discontinuation of antipsychotics has been found to be
associated with a high incidence of psychotic relapse. In
six double-blind, controlled studies that included middleaged and elderly patients, the mean rate of relapse for patients whose first-generation antipsychotic was withdrawn
was 40% over an average 6-month follow-up period,
whereas that for patients maintained on those antipsychotics
was 11% (Jeste et al. 1993).
The risk of EPS and tardive dyskinesia with first-generation antipsychotics is much greater in older than in
younger patients. The cumulative annual incidence of

Second-Generation Antipsychotics
Second-generation, or atypical, antipsychotic medications
have rapidly become the first-line treatment for older
patients with psychotic disorders in the United States.
Controlled data on the efficacy and safety of the secondgeneration antipsychotics in older patients with schizophrenia are lacking. Nonetheless, available data suggest
that the second-generation antipsychotics may be at least
as efficacious as and better tolerated than the conventional antipsychotics, mainly because of a lower risk of
both EPS and tardive dyskinesia (Jeste et al. 1999b; Madhusoodanan et al. 2000; Sajatovic et al. 2000; Street et al.
2000). Use of clozapine is mainly restricted to patients
with treatment-resistant symptoms.
In the only large-scale, double-blind comparative
study of second-generation antipsychotics in elderly patients with schizophrenia published to date, risperidone at
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a median dosage of 2 mg/day was found to be as effective
as olanzapine at a median dosage of 10 mg/day (Jeste et al.
2003a). Subjects came from both inpatient and outpatient
settings. Both drugs produced significant improvement in
psychiatric symptoms from baseline, with a low incidence
of EPS, in this 8-week trial. The two drugs did not differ
in therapeutic or adverse effects, except that clinically
significant weight gain (≥7% of baseline body weight) occurred in 14% of the olanzapine-treated patients compared with 5% of the risperidone-treated patients.

Side Effects
The risk of developing tardive dyskinesia has been shown
to be significantly lower for patients taking secondgeneration antipsychotics than for those taking firstgeneration antipsychotic medications (Dolder and Jeste
2003; Jeste et al. 1999a). Side effects of second-generation
antipsychotics that are of concern in elderly persons
include sedation, orthostatic hypotension, EPS (at higher
dose ranges), weight gain, and type 2 diabetes mellitus.
Sedation is one of the most common side effects of
antipsychotic drugs in older patients, especially with clozapine, olanzapine, quetiapine, and aripiprazole. Sedation
can be helpful for the elderly patient with insomnia or severe agitation. It may, however, increase the risk of falls
and fractures. Excessive sedation may occur when antipsychotics are administered in combination with other
central nervous system depressants.
Anticholinergic side effects of antipsychotics (especially with clozapine) in the presence of the age-related
decrease in cholinergic function can lead to serious problems by worsening disorientation, confusion, constipation, urinary retention, glaucoma, visual hallucinations,
and agitation. Concomitant use of other medications with
anticholinergic side effects (e.g., antiparkinsonian medications) increases the risk of severe toxicity.
Other side effects are particularly relevant for older
patients. Important cardiovascular side effects include
orthostatic hypotension, particularly with clozapine and
quetiapine, and QTc prolongation with ziprasidone. In
terms of weight gain, elderly patients who are frail or
poorly nourished may benefit from this effect; however,
weight gain also may aggravate preexisting cardiovascular
disease or osteoarthritis in this population. Hyperprolactinemia with first-generation antipsychotics and risperidone may lead to sexual dysfunction and may compromise bone-mineral density and increase the incidence of
osteoporosis.
Reports of a higher incidence of serious cerebrovascular events (strokes and transient ischemic attacks) with risperidone and olanzapine and of increased mortality with

olanzapine in elderly patients with dementia (Katz et al.
2003; “Dear Doctor” letter from Eli Lilly to physicians,
dated February 27, 2004) have led to labeling changes and
have appropriately increased clinical concern about these
issues. However, at this time, no cause-and-effect relation
between the antipsychotics and those adverse effects has
been established. It is expected that further research will
clarify the clinical significance of these findings.
Given the elevated risk of most side effects, older patients should be assessed more frequently than younger adults are. Elderly
patients would be considered to be in the high-risk category for the recommended monitoring of most side effects listed in the chapter on pharmacological treatments
of schizophrenia and should be monitored carefully (see
Chapter 17, “Pharmacotherapies”).

Monitoring medication side effects.

Dosing
The starting dose in older patients generally should be onequarter to one-half of the usual starting dose for younger
adults. The required dose of an antipsychotic for an older
patient tends to correlate inversely with current age and
with age at onset of illness. Thus, a good guideline is the
older a patient is, the lower the recommended dose should
be. Patients with late-onset schizophrenia typically require a lower dose than comparably aged early-onset patients; for patients with very-late-onset schizophrenia-like
psychosis, even lower doses may be warranted (Howard et
al. 2000). Occasionally, however, a treatment-resistant
older patient may need amounts comparable to those
given to younger adults. As chronically ill patients who
have been taking antipsychotics for many years continue
to age, their dose requirements often decrease. Doses
should, therefore, be monitored according to the clinical
needs of a given patient at a given time. The length of treatment trial in an elderly patient should generally be longer
(6–10 weeks) than that in a younger adult, with slower dose
increases.
The recommended average dosage ranges (mg/day)
for elderly patients with schizophrenia are shown in Table
21–3.

Switching Medications
As discussed earlier, a frequent dilemma facing clinicians
involves whether and how best to switch patients who
have been taking a first-generation antipsychotic for several years to a second-generation agent. Sometimes, a
similar issue arises when a patient does not respond adequately to or develops unacceptable adverse effects with
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TA BL E 2 1 – 3. Recommended average dosage
ranges (mg/day) for elderly patients with schizophrenia
Drug

Initial
dosage

Risperidone

0.5–1

Maintenance
dosage

REFERENCES

1.5–3

Olanzapine

5–7.5

7.5–12.5

Quetiapine

25–50

100–300

Clozapine

25–50

75–200

5–15

15–25

Aripiprazole

medication adherence, in view of the fact that most older
patients are receiving complex regimens of multiple medications.

a second-generation antipsychotic and may need to be
switched to a different second-generation drug. Such a
decision should be made after an informed discussion with
the patient and his or her caregiver, as appropriate. When
switching antipsychotics is indicated, it should be done
gradually and over a much longer period than in younger
adults (except in the instance of life-threatening adverse
events). The dose of the antipsychotic to be discontinued
should be slowly decreased while the new agent is slowly
titrated up (Jeste et al. 1999b). Generally, the dose should
be reduced by no more than 25% at a time, with further
dose reductions staggered over a period of several weeks.
During the time of dose reduction of an older drug, the new
agent should be started at a low dose and increased slowly.
The lowest effective maintenance dose should be used once
the patient is clinically stable.

Concomitant Medications
Depressive symptoms are common and also functionally
disruptive in older persons with schizophrenia (Jin et al.
2001). In such cases, an antidepressant may be added. No
comparative trials of antidepressants in this population
have yet been published, but citalopram has been found to
be useful and relatively safe in a small open-label study of
older patients with schizophrenia (Kasckow et al. 2001).
Several other nonantipsychotic drugs have been used with
varying success in older patients, although no controlled
studies have been published.

INTEGRATING PHARMACOLOGICAL AND
PSYCHOSOCIAL TREATMENTS
Recent work has shown the benefits of integrated cognitive-behavioral social skills training (Granholm et al.
2005) and of functional adaptation skills training (Patterson et al. 2003) in improving daily functioning in older patients with schizophrenia. A special emphasis is required
in terms of educating patients (and their caregivers) about
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Several studies documented markedly increased mortality
rates among persons with schizophrenia. The life expectancy of persons with schizophrenia is on average reduced
by 9–10 years (Tsuang et al. 1980). Although suicide is responsible for a significant share of this increased mortality, increased medical morbidity and substance use also
contribute. Such comorbidity also influences the care of
schizophrenic patients by complicating treatment and affecting prognosis. For example, comorbid substance use
disorders are associated with negative outcomes such as
increased psychotic symptoms, poorer treatment compliance, violence, homelessness, medical problems, poor
money management, and greater use of crisis-oriented
services (Dixon 1999). In improving the health status and
quality of life of persons with schizophrenia, it is imperative to enhance our understanding and management of
comorbidity.
In this chapter, we review the findings regarding the
presence of substance use disorders and medical conditions among patients with schizophrenia. First, we review
general models to understanding comorbid conditions.

Second, we address nicotine dependence and substancerelated disorders. Third, we review the most common
medical comorbidities associated with schizophrenia. Finally, we discuss how these issues affect the treatment of
schizophrenia.

MODELS OF COMORBIDITY
Comorbidity is defined as the occurrence of two or more
diagnostic categories in the same individual at the same
time. Four models have been used to explain the higher rate
of substance use comorbidity in schizophrenia (Mueser et
al. 1995). These same models can be applied to further
our understanding of somatic comorbidities in schizophrenia.
In the secondary disorder model, the presence of schizophrenia leads to an increased vulnerability to substance
abuse for either self-medication, social facilitation, or
pleasure enhancement and to an increased risk for somatic
comorbidities, either through medication side effects or
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through behavioral inclinations. Risk of diabetes, for example, could be increased by antipsychotic drugs or by
poor dietary habits or decreased physical activities.
In the secondary psychiatric disorder model, the psychiatric
presentation is a result of the comorbid condition. Most
studies point to the possibility of substance abuse acting as
a precipitator of psychotic symptoms in those with a psychobiological vulnerability, not as a causal factor. No evidence shows that this path could occur in medical conditions (i.e., having such conditions causes schizophrenia).
However, in some cases, medical conditions such as partial
seizures or systemic lupus erythematosus could lead to
psychotic symptoms, mimicking schizophrenia.
In the common factor model, the increased rate of schizophrenia and other conditions is the result of a shared etiological factor. This third variable could be either a genetic common vulnerability or a shared environmental
risk factor. For example, some have hypothesized a shared
genetic risk between diabetes and schizophrenia given the
increased family history of diabetes found in some early
studies (Mukherjee et al. 1989b).
In the bidirectional model, schizophrenia and the comorbid conditions interact in such a way that either disorder influences the occurrence of the other. An example
of this model is when patients with schizophrenia use psychoactive substances to counter symptoms and experience
worsening of psychotic symptoms as a result of the substance use.
The four models of comorbidity in schizophrenia are
depicted in Figure 22–1.

NICOTINE DEPENDENCE
Patients with schizophrenia are much more likely to be
smokers compared with the general population (Dalack et

al. 1998; Ziedonis et al. 1994). An estimated 70%–90% of
persons with schizophrenia smoke, whereas the estimated
prevalence in the United States general population is 25%
(Bergen and Caporaso 1999). Also, those with schizophrenia who smoke tend to smoke more heavily, use cigarettes with a higher level of nicotine, and quit less frequently (Lohr and Flynn 1992). Cigarette smoking in
persons with schizophrenia may be an attempt to selfmedicate negative symptoms (Dalack et al. 1998). Nicotine dependence is also associated with a reduction in the
serum level of some antipsychotic medications (Lyon
1999), mostly by induction of cytochrome P450 1AC promoted by the “tar” (polynuclear aromatic hydrocarbons)
present in cigarettes (Ziedonis and Nickou 2001). As such,
serum levels of haloperidol, fluphenazine, thiothixene,
clozapine, and olanzapine are decreased in patients who
smoke cigarettes (Ziedonis and Nickou 2001). International studies have proposed the role of social and economic determinants in smoking behavior in schizophrenia as well (Srinivasan and Thara 2002).
Patients with schizophrenia are more likely to initiate
smoking after age 20 and are more likely to be daily smokers than are other individuals (de Leon et al. 2002). A differential pattern of response to nicotine in subjects with
schizophrenia, in tests of sensory gating and eye tracking
measures, points to the presence of abnormalities in the
nicotinic system in schizophrenia (Sherr et al. 2002).
Cigarette smoking has been associated with a variety of
medical conditions in the general population, with similar
effects expected in persons with schizophrenia. The adverse effects of cigarette smoking on pregnancy outcomes
are well known, and as expected, smoking seems to be associated with adverse pregnancy outcomes in women with
schizophrenia (Nilsson et al. 2002). Higher prevalence of
chronic obstructive pulmonary disease also has been found
among those with schizophrenia (Himmelhoch et al. 2004).
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A controlled clinical trial has shown a role for bupropion and atypical antipsychotics in smoking cessation for
individuals with schizophrenia (George et al. 2002). There is
some indication that clozapine reduces smoking in schizophrenia, although the mechanisms for this action remain
unknown (Procyshyn et al. 2001, 2002). Given the hypothesis of an abnormality in the nicotinic system in persons with schizophrenia (Sherr et al. 2002), nicotine replacement strategies likely will play an important role in
treating cigarette smoking in this population. It is important to note that in patients who stop or reduce smoking,
the dosage of antipsychotic medication may need to be adjusted to compensate for the induction previously caused by
cigarettes. Further research is needed to assess the effectiveness of smoking cessation programs for persons with
schizophrenia.

SUBSTANCE USE DISORDERS
Substance use disorders are the most common comorbid
conditions in schizophrenia (Ziedonis and Nickou 2001).
As many as half of patients with schizophrenia are affected
by alcohol or drug use disorders (Bellack and DiClemente
1999; Dixon 1999; Fowler et al. 1998; Regier et al. 1990).
Substance use disorders may be an important disease
modifier because they tend to affect patients with less
severe clinical characteristics (Dixon et al. 1991). Patients
with deficit schizophrenia (i.e., patients with primary and
enduring negative symptoms) are less likely to use drugs,
except marijuana and alcohol (Kirkpatrick et al. 1996).
Patients with schizophrenia report abusing drugs for the
same reasons as the general population does (e.g., “getting
high,” relieving depression, and relaxing) (Dixon et al.
1991).
A study based on a sample from the Epidemiologic
Catchment Area survey found that patients with schizophrenia follow three patterns related to substance use: no
use, cannabis and alcohol use, and polysubstance abuse
(Cuffel et al. 1993). That same study found that patients
with either pattern of substance use were more likely to be
younger, to be male, and to have depressive symptoms.
Persons with schizophrenia who have a comorbid substance use disorder often have many negative outcomes,
such as more frequent and longer periods of hospitalization, more pronounced psychotic symptoms, more severe
cerebral gray matter volume deficits (Mathalon et al. 2003),
poorer treatment adherence, more depressive symptoms,
higher risk of suicide, violence, legal problems, incarceration, severe financial problems, family burden, housing
instability, and increased risk for HIV infection (Drake
and Wallach 1989; Drake et al. 1989) and hepatitis infection,

particularly hepatitis C (Rosenberg et al. 2001). Those outcomes are particularly striking in light of the association of
drug use with less severe clinical characteristics. This contrast shows the role of drug use as a major disease modifier
in schizophrenia.

MARIJUANA USE
Persons with schizophrenia are at high risk for marijuana
abuse (DeQuardo et al. 1994). A review of the evidence on
the role of cannabinoids in the development of schizophrenia concluded that use of marijuana leads to a twofold
increase in the relative risk of later onset of schizophrenia;
however, the authors also concluded that “cannabis use
appears to be neither a sufficient nor a necessary cause for
psychosis” (Arseneault et al. 2004, p. 110). Furthermore,
cannabis abuse has been proposed as a precipitant of psychotic episodes in persons with schizophrenia (Linszen et
al. 1994). Its use also may increase the risk for tardive dyskinesia (Zaretsky et al. 1993). Pharmacologically, marijuana has anticholinergic effects that may lead some
patients with schizophrenia to use it to relieve the extrapyramidal side effects of some antipsychotic medications
(Ziedonis and Nickou 2001).

ALCOHOL USE
Alcohol has been shown to exert some of its effect by inhibiting the response of the N-methyl-D-aspartate (NMDA)
receptor, a receptor system implicated in schizophrenia,
which leads to disruption in glutamatergic neurotransmission (Tsai et al. 1995), and by modulating γ-aminobutyric acid (GABA)A receptors in the central nervous
system (CNS) (Morrow et al. 2001). Persons with schizophrenia are more likely to abuse alcohol compared with
the general population (Regier et al. 1990). Alcohol seems
to have a destabilizing social effect, and those with an
alcohol-related disorder are more likely to have unstable
housing, conceptual disorganization, denial of mental illness, and rehospitalization (Osher et al. 1994). Among persons with schizophrenia, suspiciousness is associated with
a higher risk of alcohol dependence, particularly in males
(Messias and Bienvenu 2003).

COCAINE USE
Cocaine use is associated with release of dopamine in the
human brain, particularly in the orbitofrontal area, an
area associated with motivated behavior and drive (Volkow
and Fowler 2000). Chronic exposure to cocaine thus is
associated with changes in the orbitofrontal, striatal, and
thalamic areas (Volkow and Fowler 2000).
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Persons with schizophrenia are more likely to use cocaine than are people in the general population. Patients
with schizophrenia who abuse cocaine have been found
to have less severe negative symptoms, younger age at
first hospitalization, and higher rates of paranoid subtype
(Lysaker et al. 1994).

SUBSTANCE USE DISORDERS IN SCHIZOPHRENIA:
AN INTEGRATIVE APPROACH
Patients with symptoms being considered for a schizophrenia diagnosis always should be evaluated for substance use disorders as part of their clinical workup. Furthermore, the presence of a substance use disorder in a
patient with schizophrenia should shape the treatment
recommendations. A comprehensive and integrative approach to substance use disorder in schizophrenia has
been shown to reduce abuse and to help attain remission
(Drake and Mueser 2000, 2001; Drake et al. 1998). This
treatment modality involves assertive outreach, case management, a stagewise motivational approach for patients
who do not recognize the need for substance abuse treatment, behavioral interventions for those who are trying to
attain or maintain abstinence, family interventions, housing, rehabilitation, and pharmacology (Lehman et al.
2004). Because of the problem of lack of insight about
substance dependence, the first step in the treatment implementation should be devoted to motivation building
rather than abstinence achievement, which is the longterm goal. One way to motivate a patient with schizophrenia to stop using drugs and alcohol is to help him or her
recognize the role of this behavior in interfering with personal goals and interpersonal relationships (Drake and
Mueser 2001). Two other elements to inform substance
use disorder treatment in persons with schizophrenia are
1) conceptualizing treatment as an ongoing process and
2) a harm reduction model.
These elements have been integrated in the Behavioral
Therapy for Substance Abuse in Schizophrenia (BTSAS)
model, which was developed to address specific problems
pertinent to this population (Bennett et al. 2001). The
treatment protocol contains six main components:
1. A urinalysis contingency designed to enhance motivation to change and increase the salience of goals
2. Structured goal setting to identify realistic, short-term
goals for decreased substance use
3. Motivational interviewing to enhance motivation to
reduce use
4. Social skills and drug refusal skills to enable patients to
develop relationships with people who do not use drugs,
to enable patients to refuse social pressure to use sub-

stances, and to provide success experiences that can increase self-efficacy for change
5. Education about the reasons for substance use and the
particular dangers of substance use for people with severe and persistent mental illness to shift the decisional
balance toward decreased use
6. Relapse prevention training that focuses on behavioral
skills for coping with urges and dealing with high-risk
situations and lapses
BTSAS was specifically structured to reduce the load
on memory and attention and to minimize demands on
higher-level cognitive processes. It is administered in
small groups twice per week for 6 months (Bellack and
DiClemente 1999; Bellack and Gearon 1998; Bennett et
al. 2001).

MEDICAL ILLNESSES
Persons with schizophrenia also are at higher risk for some
medical illnesses that deserve attention, particularly diabetes, infectious diseases (especially sexually transmitted diseases), and respiratory conditions, such as emphysema and
chronic bronchitis. Data from the Schizophrenia Patient
Outcomes Research Team (PORT) showed higher than
expected rates of diabetes, heart disease, respiratory illness, and sexually transmitted diseases in this population
(Dixon et al. 1999). Comparison of data from a sample of
persons with schizophrenia treated in community settings
with data from a matched national sample found that those
with schizophrenia had a higher prevalence of respiratory
conditions, such as chronic obstructive pulmonary disease
and asthma, diabetes, and liver disease (Sokal et al. 2004).
Contributors to this increased risk include higher rates of
obesity (Allison et al. 1999), cigarette smoking (Dalack et
al. 1998), and medication side effects (Jeste et al. 1996).
The presence of an increased risk for diabetes and cardiovascular disorders in this population has raised the possibility of a “metabolic syndrome” affecting patients with
schizophrenia (Ryan and Thakore 2002).
The social withdrawal associated with schizophrenia
is a factor that could prevent self-care and treatmentseeking behavior for physical complaints (Goldman 1999).
Patients with schizophrenia also perceive more barriers to
treatment of medical conditions (Dickerson et al. 2003),
which may lead to lack of preventive services that could
have affected the prevalence of certain conditions. Furthermore, research indicates that schizophrenia is a factor
in decreasing the likelihood of receiving preventive medical care and in making fewer visits for chronic medical
conditions (Folsom et al. 2002).
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DIABETES MELLITUS

Chronic Complications

Antipsychotic medication seems to play a role in the origin of diabetes in persons with schizophrenia; however,
there has been some report of increased diabetes prevalence in persons with diabetes before the introduction of
antipsychotic compounds (Dixon et al. 2000). Furthermore,
drug-naive patients also have been shown to have more
highly impaired fasting glucose tolerance, to be more insulin resistant, and to have higher levels of plasma glucose,
insulin, and cortisol than do healthy comparison subjects
(Ryan et al. 2003).
Although type 2 diabetes is a highly prevalent chronic
medical condition diagnosed in approximately 4.5% of
the United States population (Centers for Disease Control and Prevention 2005), those with schizophrenia have
an estimated prevalence of 16%–25% (Dixon et al. 2000;
Mukherjee et al. 1996; Newcomer et al. 2002; Subramaniam et al. 2003).
Atypical antipsychotics, particularly clozapine, quetiapine, and olanzapine, seem to be associated with an
increased risk for developing diabetes (Koro et al. 2002;
Sernyak et al. 2002). Other risk factors for diabetes in persons with schizophrenia include sedentary lifestyle, obesity, poor diet, and high smoking rates.
Much like schizophrenia, diabetes mellitus is a chronic
condition that requires following a complex set of treatment recommendations, including behavior change and
medication use. Schizophrenia symptoms, as well as cognitive limitations, limited family and social supports, and
poor treatment adherence, affect the outcome of diabetes
in persons with schizophrenia, and those factors might be
amenable to modification by careful, and comprehensive,
treatment planning.
Diabetes also may have specific effects among persons
with schizophrenia, as shown in its role as a risk factor for
tardive dyskinesia (Mukherjee et al. 1989a; Woerner et al.
1993).

Long-term complications of diabetes include retinopathy
(with potential loss of vision), nephropathy (leading to
renal failure), peripheral neuropathy (increased risk of
foot ulcers, amputation, and Charcot’s joints), autonomic
neuropathy (cardiovascular, gastrointestinal, and genitourinary dysfunction), and greatly increased risk of
atheroma affecting large vessels (increased risk of macrovascular complications of stroke, myocardial infarction,
or peripheral vascular disease).

Acute Complications
Severe hyperglycemia is associated with symptoms such
as polyuria, polydipsia, weight loss, and blurred vision.
The most important acute complication of diabetes mellitus is diabetic ketoacidosis, defined as low serum pH
(≤7.35), low serum bicarbonate (≤15), and an anion gap,
concomitant with ketonemia (Henderson and Ettinger
2003). Diabetic ketoacidosis is a life-threatening situation and requires immediate action on the part of the clinician.

Metabolic Syndrome
Problems with glucose metabolism are one component
of the metabolic syndrome, which encompasses three
or more of the following (National Institutes of Health
2001):
1. Abdominal obesity: waist circumference >102 cm in
men and >88 cm in women
2. Elevated serum triglycerides: ≥150 mg/dL
3. Low high-density lipoprotein cholesterol: <40 mg/dL
in men and <50 mg/dL in women
4. High blood pressure: ≥130/85 mm Hg
5. Impaired fasting glucose: ≥110 mg/dL
Clinicians treating schizophrenia should be aware of
the metabolic syndrome because it appears to be more
prevalent in persons with schizophrenia (Heiskanen et al.
2003; Ryan and Thakore 2002), and it has been associated
with increased all-cause mortality rate, and coronary
heart disease, in middle-aged men (Lakka et al. 2002).

Treatment Implications:
Importance of Intensive Glucose Control
Intensive glucose control has been shown to reduce the rate
of complications from diabetes (UK Prospective Diabetes
Study Group 1998). Much like schizophrenia treatment,
diabetes care should be thought of in an integrative and
multicomponent fashion. Diabetes treatment should have
a multidimensional approach that may include education,
counseling, monitoring, self-management, and pharmacological treatment with insulin or oral antidiabetic agents.

HIV AND AIDS
Concern has been growing about the rates at which HIV
and other sexually transmitted diseases have spread among
those with chronic and severe mental illness (McKinnon
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et al. 1997). Individuals with schizophrenia are at an increased risk for HIV infection compared with the general
population. The current best estimate of HIV prevalence
among individuals those with a severe mental illness is
between 2% and 5%, and this rate varies according to location, being highest in large urban centers (5%) versus
nonmetropolitan areas (2%) (Rosenberg et al. 2001). This
prevalence estimate is about eight times the overall estimated United States population prevalence (Rosenberg et
al. 2001).
Women with schizophrenia are at particularly high
risk for HIV infection—the male-to-female ratio is 4:3, in
contrast with the 5:1 ratio reported in the general population (Rosenberg et al. 2001).
Contributing factors to this increased prevalence include injection drug use and unsafe sexual practices
(Rosenberg et al. 2001). Data suggest that persons with
severe mental illness are more likely to engage in highrisk sexual behavior and less likely to change their health
behaviors (Davidson et al. 2001; McDermott et al. 1994).

VIRAL HEPATITIS
The seroprevalence of hepatitis B virus (HBV) and hepatitis C virus (HCV) among those with severe mental illness is much higher than in the general population. Current estimates are 23.4% for HBV and 19.6% for HCV;
these rates are 5 and 11 times the prevalence rates in the
general population for these infections, respectively
(Rosenberg et al. 2001). Contributing factors to the
increased prevalence of these infections include unsafe
sexual practices and drug use (Davidson et al. 2001).

Chronic Complications
Hepatocellular carcinoma is a long-term complication of
hepatitis B and C (Kaplan and Reddy 2003). Hepatitis C
infection also increases the risk of cirrhosis (Yoho et al.
2003). The simultaneous infection with hepatitis B and C,
for which injection drug users are at increased risk, is associated with further increases in cirrhosis risk. Other complications of viral hepatitis include fulminant hepatitis
(massive hepatic necrosis), spontaneous reactivations, and
chronic hepatitis.
Clinicians must think of long-term monitoring of
hepatitis viruses in persons with schizophrenia, particularly
because this population is exposed to other hepatotoxic
agents, such as alcohol and some antipsychotic medications. As an example, 1% of the patients taking chlorpromazine will develop intrahepatic cholestasis with jaundice
1–4 weeks into the treatment (Dienstag and Isselbacher
2005).

OTHER CONDITIONS ASSOCIATED
WITH SCHIZOPHRENIA
Osteoporosis
Patients with schizophrenia have been noted to have more
osteoporosis than do people in the general population
(Halbreich and Palter 1996). Reasons for this decrease in
bone mineral densities include increased level of smoking,
antipsychotic-induced decreases in testosterone and estrogen, hyperprolactinemia and hypercortisolemia (Halbreich
and Palter 1996), and dietary and behavioral features associated with schizophrenia.

Respiratory Diseases
Persons with schizophrenia have a higher prevalence of
respiratory diseases, such as asthma, emphysema, and
chronic bronchitis, when compared with the general population (Sokal et al. 2004). Some studies have reported
that individuals with schizophrenia have higher mortality
rates from all respiratory diseases compared with the general population (Buda et al. 1988; Joukamaa et al. 2001).
Part of this association is likely to come from the higher
rates of cigarette smoking, which points to opportunities
of preventive strategies in this population.

Polydipsia and Hyponatremia
Polydipsia is the intake of more than 3 L/day of fluid, and
it may be primary or secondary to medical conditions or
medication side effects (Brookes and Ahmed 2002). The
estimated prevalence for psychiatric populations is between 5% and 20% (Brookes and Ahmed 2002; de Leon
et al. 1994). Polydipsia may lead to serious metabolic imbalances, such as water intoxication (i.e., severe hyponatremia—serum sodium<120 mmol/L), which is potentially
fatal because the cerebral edema can result in delirium,
seizures, coma, and death. Characteristics associated with
the risk of polydipsia among psychiatric populations include chronicity, schizophrenia diagnosis, smoking, some
medications, male gender, and white race (de Leon et al.
1994).
Before a diagnosis of psychosis-induced polydipsia is
reached, other causes, such as diabetes mellitus, diabetes insipidus, chronic renal failure, malignancy, pulmonary disease, hypocalcemia, and hypokalemia, should be excluded.
Pharmacological interventions to treat polydipsia are
few and with questionable efficacy (Brookes and Ahmed
2002), although there is some indication that clozapine
may help (Verghese et al. 1996). Fluid restriction, along
with sodium replacement, is the most recommended treatment (Verghese et al. 1996).
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TA BL E 2 2 – 1.
schizophrenia

Summary of recommended monitoring and psychoeducational measures for patients with

Issue

Recommendation

Weight gain

•
•
•

Diabetes

•
•
•

Mental health providers should monitor body mass index (BMI) for patients with schizophrenia.
The relative risk of weight gain for the different antipsychotic medications should be a consideration
in drug selection for patients who have a BMI>25.
Unless a patient is underweight (BMI< 18.5), a weight gain of 1 BMI unit indicates a need for an
intervention.
A baseline measure of glucose should be obtained for all patients before starting
a new antipsychotic.
Patients who have significant risk factors for diabetes should have fasting glucose or hemoglobin A1C
monitored 4 months after starting an antipsychotic and then yearly.
Psychiatrists should be aware of the symptoms of new-onset diabetes (including weight change,
polyuria, polydipsia) and should monitor their presence at regular intervals.

HIV and viral hepatitis

•
•
•

Clinicians should ask about sexual practices and injection drug use.
Clinicians should educate about safe sexual practices and needle use.
Health care providers should address drug use.

Hyperlipidemia

•
•
•

Mental health providers should be aware of the lipid profiles for all patients with schizophrenia.
As a group, individuals with schizophrenia should be considered to be at high risk for coronary heart
disease.
Psychiatrists should follow National Cholesterol Education Program guidelines
(http://www.nhlbi.nih.gov/about/ncep/) or U.S. Preventive Services Task Force guidelines
(http://www.ahcpr.gov/clinic/ajpmsuppl/lipidrr.htm) for screening and treating patients who
are at high risk for cardiovascular disease.

Chronic lung disease

•
•

Mental health providers should assess level of cigarette smoking and consider intervention.
Clinicians should inquire about respiratory symptoms.

QT prolongation

•

Clinicians should not prescribe thioridazine, mesoridazine, or pimozide for patients with known heart
disease, a personal history of syncope, a family history of sudden death at an early age (younger than
40, especially if both parents had sudden death), or prolonged QTc syndrome.
If ziprasidone is prescribed for patients with the risk factors described in the previous recommendation,
an electrocardiogram should be evaluated at baseline, and a subsequent electrocardiogram is indicated
if a patient presents with symptoms (e.g., syncope).

•

Source.

Adapted from Marder et al. 2004.

CONDITIONS NEGATIVELY ASSOCIATED
WITH SCHIZOPHRENIA

studies on this relation. A recent community-based study
failed to show an association between arthritis and schizophrenia (Sokal et al. 2004).

Rheumatoid Arthritis
There have been several reports of a lower than expected
prevalence rate of rheumatoid arthritis in patients with
schizophrenia. A review of the epidemiological evidence
supported this finding (Eaton et al. 1992). This association points to the hypothesis of there being an autoimmune component to schizophrenia. The proper identification of rheumatoid arthritis, a condition linked with
autoimmune pneumonia, as opposed to the much more
prevalent arthritic syndrome, more associated with degenerative joint disease, is one of the main limitations to

Cancer
There has been some indication that patients with schizophrenia might have a lower than expected cancer incidence (Allebeck 1989; Mortensen 1994). Some investigators have suggested that this could be related to an
antineoplastic effect of antipsychotic medication, but
larger epidemiological samples are needed to test this
hypothesis. Conversely, studies indicate that patients with
schizophrenia have higher mortality from lung cancer
(Brown et al. 2000).
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Schizophrenia

Negative symptoms:
social withdrawal,
amotivation, limited
social interactions

Dysphoric symptoms:
depressive mood,
suspiciousness,
auditory hallucinations

Treatment with
antipsychotic medication

Decreased physical
activity, poor diet

Self-medication with
alcohol, cigarette smoking,
and illicit drugs

Somatic
vulnerability?

Medication side effects

Increased body weight

Increased diabetes risk

F I G U RE 22 – 2 .

Increased cardiovascular risk

Increased exposure to
sexually transmitted
diseases

Possible pathways to comorbid conditions in schizophrenia.

TREATMENT CONSIDERATIONS
MEDICAL COMORBIDITIES:
REDUCING BARRIERS TO HEALTH CARE
As reviewed in this chapter, persons with schizophrenia
are at higher risk for specific somatic diseases compared
with the general population. Among these diseases are diabetes, chronic respiratory disorders, and sexually transmitted diseases. These conditions share two features: they
are potentially preventable, and they demand lifelong
monitoring and treatment after they develop. Reducing
barriers to health care to persons with schizophrenia is
necessary to address both of these features. In this context,
psychiatrists and the mental health team should strive to
work in conjunction and coordination with their counterparts in medical care.
Besides reducing barriers to primary care, clinicians
treating schizophrenia should remain alert because of the
high presence of multiple risk factors in this population.
As such, clinicians should consider regular (e.g., semiannual) monitoring of fasting glucose or hemoglobin A1c to
detect emerging diabetes, especially in those with obesity.

Prevention of weight gain should be a high priority because losing weight is difficult for many patients. A summary of recommended monitoring and psychoeducational measures is presented in Table 22–1.

HIV AND HEPATITIS: RISK REDUCTION STRATEGIES
Elements shown to be effective in risk reduction programs for HIV and hepatitis include (Wainberg et al.
2003):
• Information and skills training in sexual assertiveness,
negotiation, problem solving, use of condoms, and risk
self-management
• Intensive sessions (6–15 hours) to achieve reduction in
risk behavior
• Training of participants to become AIDS educators or
advocates
• Booster or maintenance sessions
• Gender sensitivity training
• Inclusion of sexually abstinent patients in training programs as a way to validate this choice for other patients
choosing to remain abstinent

Nonpsychiatric Comorbid Disorders

CONCLUSION
Medical and substance use comorbidity plays a substantial
role in the lives of persons with schizophrenia, and a comprehensive approach to comorbidity in schizophrenia
is needed. In Figure 22–2, we summarize some of the systemic factors associated with comorbid conditions in schizophrenia. This model could be used as a means to identify
the different points at which one might intervene to avoid
comorbidities and help patients with schizophrenia live
longer and healthier. These comorbidities pose substantial challenges for the treatment system in the care of persons with a core disease that is itself socially and cognitively disabling. However, the care system and physicians
must be mindful of the higher comorbidity rate among
persons with schizophrenia. Although more research is
necessary, such attention is likely to positively influence
long-term outcomes for the schizophrenia population.
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Theoretically, treatment of schizophrenia in the public
sector should be no different from the “best practice” evidence-based treatments (both pharmacological and psychosocial rehabilitative) described elsewhere in this book.
However, reality more often than not impinges on theory
in the form of budgetary constraints, shortage of trained
professionals, patient noncompliance with treatments,
transportation deficiencies, low or no availability of insurance or other funding sources, and lack of community
resources, among other barriers. Thus, treatment of schizophrenia in the public sector represents the individual development, within each treatment site, of a “good enough”
treatment model that ultimately may be based on the cobbling together of disparate resources.
An attempt to discuss the treatment of schizophrenia in
the public sector in a generic manner is further complicated by the multiple various settings and systems that at
some level provide public treatment: state hospitals, the
federal Department of Veterans Affairs (VA) system, forensic treatment settings (both state and federal), community mental health centers (CMHCs), and jails and prisons.
Even within specific types of treatment settings, clinical
practice may vary by county, state, or country. Further-

more, the types of schizophrenia patients served vary significantly in each treatment setting, such as forensic versus
nonforensic or inpatient versus community-based treatment. Therefore, in this chapter, we broadly address challenges in treating schizophrenia in the public sector, focusing primarily on systems of care in the United States.

SCHIZOPHRENIA AND
THE PUBLIC SECTOR
Chronic schizophrenia is commonly associated with low
socioeconomic status. The concept of downward drift has
long been present in schizophrenia research and is relevant to the many individuals with schizophrenia who are
indigent. Dunham (1965) posited that the large proportion of patients with schizophrenia in the lower socioeconomic groups results from an inability (because of the illness) to move into a higher socioeconomic bracket or
from the downward drift to the lowest bracket. This disadvantaged position in socioeconomic status (complicated
by unemployment or underemployment) can be a persistent outcome related to the illness (Agerbo et al. 2004).
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Additionally, evidence suggests that disadvantaged socioeconomic status may increase the risk of illness or, at the
least, be present before the first treatment contact (Harrison et al. 2001; Tien and Eaton 1992).
Compounding the problem of low socioeconomic status (which eliminates the option of “self-pay” private treatment settings) is the problem of underinsurance among
persons with severe mental illness. In the United States,
up to 44% of those with mental illness lack health insurance (Landerman et al. 1994; Rupp 1991; Yanos et al. 2004).
Even if patients have some form of health insurance, private insurance usually is more restrictive in coverage for
mental illness than in coverage for medical illness, and
benefits may be quickly exhausted. The result is that far
more people end up with no psychiatric coverage than end
up with no coverage for medical illnesses and thus have no
access to the pool of mental health providers who accept
private or public (Medicare, Medicaid) insurance. These
“psychiatrically indigent” patients often come to the attention of treatment providers in emergency or crisis situations and are subsequently referred to state hospitals or
to community hospitals that have provider contracts with
counties or states for indigent care. Socioeconomically
disadvantaged and underinsured persons are ultimately
dependent on public sector mental health services.

PUBLIC SECTOR DEFINED
Mental health services can be defined as public if they are
supported by public funds. Funds raised by taxes may be
allocated for mental health services in yearly budgets of
states, counties, and larger cities (typically as a subset of
funding for a health and human services department).
Additionally, services provided by taxpayer dollars in the
form of entitlement programs qualify as public. These services include treatment rendered under the federal health
insurance program of Medicare and the state Medicaid
programs (also supported in large part by federal funds).
Medicare was enacted in 1966 to provide health insurance for persons older than 65 or with a disability. Medicare, like many private insurance policies, treats mental
illness differently from medical illness. It requires higher
copayments for mental health services, an arrangement that
has been called “blatantly discriminatory” by the American Psychiatric Association. Medicare also limits the total
number of lifetime days allotted to a patient in a psychiatric hospital rather than allowing for an annual “spell of illness” (as it does for medical illness).
Psychiatric hospitals are exempt from the diagnosisrelated groups (DRGs) payment methodology that applies to medical illness. DRG payment is based on norms

for inpatient treatment lengths of stay, and hospitals are
paid for an episode of treatment rather than on a bed-day
basis. The reason for the exemption of psychiatric services
is that a mental illness diagnosis alone is not an adequate
predictor of length of stay in a psychiatric unit. However,
a modification of DRG payment method for mental illness has shown some success at the state level (Frank and
McGuire 1994; McGuire et al. 1990).
Medicaid, also enacted in 1966, is a medical assistance
program for certain individuals and families with low incomes and resources. Medicaid is targeted for children,
pregnant women, and persons who are blind or disabled.
Adults with schizophrenia must show disability to qualify
for Medicaid. Being classified as disabled is a difficult bureaucratic process for persons with severe mental illness,
and the assistance of social workers and case managers is
often required. Medicaid does not pay for hospitalization
in state psychiatric hospitals because of an Institutes of
Mental Disease (IMD) exclusion, which was intended to
ensure that the states continue to pay for state hospital
care. However, Medicaid will pay for acute psychiatric
treatment rendered in general hospitals (assuming that
the low Medicaid payments are accepted by that hospital).
Medicaid also will pay for medications, although limits
are often placed on the number of prescriptions that may
be filled in a defined period (e.g., six prescriptions per
month). Of particular relevance to the treatment of schizophrenia is that in many states, costs for second-generation
or atypical antipsychotics are very near the top of Medicaid expenditures for prescription medications. For example, in North Carolina, atypical antipsychotics rank second only to proton-pump inhibitors in terms of class of
drug with the highest costs. Such costs have led some
states to create preferred drug lists (or modified formularies) whereby medications with the lowest cost are used
first, and higher-cost medications require preapproval.
Care for persons who are medically indigent (uninsured) or underinsured is often subsidized by county and
state governments when these patients are not eligible for
or have not yet qualified for entitlement programs (Medicaid, Medicare). The most obvious examples are funds
for state psychiatric hospitals and CMHCs. Public funding of mental health programs is therefore highly dependent on the economic status of the state or county at any
given time; in other words, the current strength of the taxpayer base. The economic downturn of the early 2000s
led to, at best, freezes and, at worst, cuts in budget allocations for health and human services, cuts that quickly “trickled down” to mental health and substance abuse treatment
programs. For example, in fiscal year 2003, 32 of 38 state
mental health agencies reported budget cuts of up to
12.5% (National Association of State Mental Health Pro-
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gram Directors Research Institute 2003). Of particular
concern, 68% of states reduced services and 61% reduced
the number of persons served to deal with budget cuts
(National Association of State Mental Health Program
Directors Research Institute 2003). It is important to emphasize that the ability of a given public mental health
system to provide a “best practices” or “evidence-based”
service delivery model is inexorably tied to the availability
of funds.
Finally, other taxpayer-supported institutions that
provide medical and mental health care may be considered public. These include the VA hospitals and clinics
and the criminal justice system (jails and prisons), now one
of the largest mental health providers. State prisons and
jails have similar service delivery sensitivity to state budgetary constraints.

SYSTEMS OF CARE AND
PERSONS SERVED
Schizophrenic patients can enter the public system in
many ways. The particular setting in which treatment
occurs often depends on where a patient falls within a
spectrum of treatment populations. Public sector treatment populations include persons without any insurance;
persons who lack health insurance that provides for mental health treatment; persons with a history of military service; persons found guilty of a crime and requiring incarceration; persons found incapable of proceeding to trial
because of a mental illness; persons found not guilty by
reason of insanity; and persons in regions without any private providers (e.g., rural areas). Specific systems of care
have evolved in response to each patient population’s specific needs.

COMMUNITY MENTAL HEALTH CENTERS
The development of CMHCs was spurred by legislative
activity at the federal level. The Mental Health Study Act
of 1955 was passed partly in response to the substandard
conditions identified in many state hospitals (highlighted
in a 1948 motion picture called The Snake Pit). The Mental Health Study Act led to recognition of the need for
community care of persons with severe mental illness, that
care should be regional and in smaller hospitals, and that
nonhospital care and rehabilitative services should be
expanded. Related legislation included the Mental Retardation Facilities and Community Mental Health Centers
Construction Act of 1963 and the Community Mental
Health Center Amendments of 1975. The 1963 act sought
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to ensure provision of the basic mental health services of
inpatient treatment, emergency services, partial hospitalization, outpatient services, and consultation/education.
The 1975 amendments added additional services to the
basic core of the 1963 act: care for children and the elderly, continuing mental health care for persons discharged from hospitals, screening services prior to hospital admission, substance abuse services, and transitional
housing.
In concert with this federal legislation was the development of CMHCs, whose program design was based on
a core set of guiding principles (Lamb 1999). A CMHC
serves a specific catchment area, a geographic region that
defines a CMHC’s or state hospital’s population of responsibility. The goal is to allow treatment close to a patient’s home, which also facilitates family visits and participation. Comprehensive services are offered that target a
range of diagnoses, age groups, treatment modalities (e.g.,
pharmacological, psychological, rehabilitative), and general needs (e.g., housing, vocational services, disability application). To offer these services, teams must be multidisciplinary, usually consisting of a psychiatrist team leader
and various combinations of psychologists, nurses, social
workers, rehabilitative therapists, and case workers. Ideally, services provide continuity of care to ease transition
from various service settings; for example, from hospital
to supported living (e.g., group home) and from supported living to independent living. The efficacy of programs should be continually reevaluated and measured,
and improvement is always the goal. To this end, input
from patients is necessary. Research into treatment modalities and outcome of care is sometimes incorporated,
but this is a feature in only a minority of programs. Data
from such research are helpful in improving patient care,
prioritizing services, eliminating ineffective or redundant
practices, and supporting funding increases for effective
programs. Finally, most community mental health systems have limited their scope of service to specific target
populations, often defined by a certain threshold of severity of illness. Schizophrenic patients are always included
in target populations. Persons with schizophrenia treated
in CMHCs usually have no health insurance, lack insurance to pay for private mental health services, or live in areas where appropriate private services are not available.
Persons with schizophrenia, even if they have insurance with mental health benefits or the ability to pay out
of pocket, still may receive treatment in CMHCs if they
live in underserved (typically rural) areas. In rural areas,
public services may be the only treatment option because
of the lack of qualified professionals engaged in private
practice. The situation is particularly severe for child, ad-
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olescent, and geriatric patients with schizophrenia. Even
within the public sector, the number of qualified providers
is insufficient (Pion et al. 1997), and the vast majority of
rural counties have no practicing psychiatrists (National
Advisory Committee on Rural Health 1993). Such shortages result in schizophrenic patients receiving treatment
by general medical doctors and relying heavily on social
services (U.S. Department of Health and Human Services
1999). The need for specialized care may result in hospitalization hundreds of miles from home, usually in a state
psychiatric hospital. “Telemental health,” or the use of
telecommunications and videoconferencing technology to
diagnose and treat mental illness, has been proposed as one
potential solution to this problem (Monnier et al. 2003).
A few CMHC services have obtained the status of
“best practice.” One of these is the Assertive Community
Treatment (ACT) team model. The goal of ACT is to
provide services to patients who would otherwise receive
treatment in the hospital without shifting the burden of
care to families or other caregivers (Dixon 2000; Scott and
Dixon 1995; Stein and Test 1980; Stein et al. 1975). Providers go to the patient, be it at home or at work, to deliver
treatment, which may include anything from medication
management to assistance with activities of daily living.
Such active contact is of particular importance in treating
a disease such as schizophrenia, in which lack of insight
into illness and symptoms may affect up to 50% of patients, leading to treatment noncompliance, missed appointments, and relapse (Sevy et al. 2004; Smith et al.
2004). ACT teams have been found to be superior to usual
care in terms of retaining patients in treatment (Herinckx
et al. 1997), preventing hospitalization (Essock and Kontos 1995), and increasing the likelihood of stable housing
(Morse et al. 1997). Related to the ACT model is the concept of case management, in which one person, usually a
social worker or paraprofessional mental health provider,
is responsible for coordinating the care of a patient. Case
managers typically serve as “brokers” who help their patients navigate the maze of mental health and social services that may be available. Many case managers also provide a variety of supportive services directly.
Assisting patients in obtaining supportive housing also
has been shown to decrease hospitalization and homelessness and to increase social and occupational functioning
and quality of life (Hawthorne et al. 1994; Okin et al. 1995).
Examples include long-term group residences, or “group
homes,” which have on-site staff, and cooperative apartments, where staff members are not on-site but visit regularly (Herz and Marder 2002).
Treatment adherence can be enhanced to some degree
by the use of outpatient commitments, which require patients to attend their mental health treatment appoint-

ments or risk being brought in involuntarily for evaluation. Although outpatient commitment statutes typically
have no provision to force outpatients to take medicines,
this method has been shown to increase adherence to
treatment (Swanson et al. 2003). However, it also can be
viewed as overly coercive by patients (Elbogen et al. 2003;
Swartz et al. 2003).
Given the extensive literature supporting the use of
antipsychotics to treat schizophrenia and the growing
database regarding specific community interventions to
improve functional outcomes (ACT, supportive housing,
supportive employment), the current consensus is that
community treatment of schizophrenia can and should be
evidence based (Drake et al. 2000, 2001; W.C. Torrey et
al. 2001). Use of practice guidelines (Kane et al. 2003;
Lehman et al. 2004) should result in improved patient
outcomes and standardization of treatment practices regardless of geographic locale or training background. Use
of these guidelines also should aid in prioritizing services
in the setting of stagnant or reduced funding.

STATE PSYCHIATRIC HOSPITALS
State psychiatric hospitals provide both acute and longterm patient care to the same populations of patients that
receive treatment in the CMHCs (i.e., indigent, underinsured, or residing in a rural or otherwise underserved
area). The current trend is toward a reduction in the overall size of state hospitals, shifting the vast majority of care
to the community (i.e., outpatient care). The current focus of most state hospitals is on acute crisis stabilization
and rapid discharge to community care, with discharge
planning starting shortly after admission. Although
downsizing of state psychiatric hospitals has been occurring over the last few decades (coincident with the expansion of CMHCs), recent developments have hastened the
rate. In July 1999, the U.S. Supreme Court issued the
Olmstead v. L. C. decision. In its decision, the Court interpreted Title II of the Americans with Disabilities Act
(ADA) as requiring states to administer services “in the
most integrated setting appropriate to the needs of qualified individuals with disabilities” (28 C.F.R. 35.130[d]
[1998]). Inherent in the decision was the concept of treating persons with mental illness in the least restrictive environment, with state hospitals being considered more restrictive than community treatment. In the opinion of the
Court,
states are required to place persons with mental disabilities in community settings rather than in institutions
when the State’s treatment professionals have determined that community placement is appropriate, the
transfer from institutional care to a less restrictive set-
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ting is not opposed by the affected individual, and the
placement can be reasonably accommodated, taking into
account the resources available to the State and the needs
of others with mental disabilities. (Olmstead v. L.C.
1999)

The decision has forced states to critically evaluate how
persons with severe mental illness are treated in state hospital settings and how resources should be allocated in the
community.
Who remains in state psychiatric hospitals? Involuntary commitment criteria require proof of dangerousness
to self or others; thus, persons who remain in state psychiatric hospitals for long-term treatment are those who cannot safely be discharged to community care. For these patients, no community service setting can reproduce the
elements of the hospital treatment environment that help
to maintain patient safety. The availability of specific resources can vary widely among communities; often, residential centers that have 24-hour supervision by trained
mental health staff are in short supply, and very few, if any,
locked residential facilities are available. How the latter
represents a less restrictive setting than a state psychiatric
hospital is unclear.
Various factors contribute to the likelihood that a patient with schizophrenia will be hospitalized (Fogel 1999).
These include severe impairment in function, active general medical conditions, history of criminal behavior associated with psychosis, persistent noncompliance with treatment outside of the hospital setting, lack of financial and
social supports, and—perhaps chief among these—recurrent aggressive or self-injurious behavior. Schizophrenic
patients who remain in state psychiatric hospitals for a
prolonged period often have an illness complicated by
persistent violent behavior. Violent patients have longer
hospital stays (Citrome et al. 1994), and assaultive behavior is more common than self-injurious behaviors on
long-term psychiatric units (Kraus and Sheitman 2004).
The use of clozapine to reduce violent behavior in this
patient population has been supported by several retrospective studies (Chengappa et al. 1999, 2002; Kraus and
Sheitman 2005). Environmental (e.g., ward crowding)
(Ng et al. 2001; Nijman and Rector 1999) and psychosocial rehabilitative interventions (e.g., “treatment malls”)
(Kraus et al. 2004) also have been shown to affect rates and
severity of violent behavior. By necessity, state hospitals
have become specialists in the management of both acutely
and chronically dangerous, violent patients.
Treatment in state psychiatric hospitals is similar to
treatment delivered in the community, with the exception
of the key differences of centralized treatment locale,
locked wards, and the ability to use involuntary forced
medication treatment protocols. Persons admitted to the
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hospital with an acute exacerbation of schizophrenia require reinstitution or adjustment of antipsychotic therapy,
appropriate levels of observation to ensure patient (and
others’) safety, and an environment that is conducive to
symptom reduction (e.g., low stimulation, trained staff
to offer reassurance and support). Most state psychiatric
hospitals allow for involuntary forced emergency treatment—that is, antipsychotic (and often anxiolytic) medication is given despite patient refusal when threat of harm
to patient, staff, or others is imminent if treatment were
to be delayed. Medication is usually administered intramuscularly, but rapidly dissolving formulations of atypical antipsychotics have facilitated the use of oral medications in some situations. Despite court findings supporting
the right of committed patients to refuse treatment, involuntary forced treatment also may occur in nonemergency situations when it is determined that the patient
requires antipsychotic medication to allow for active participation in treatment planning or to prevent further deterioration. The intensity of review for the use of nonemergency forced treatment varies by state and ranges
from the agreement of the treatment team together with
a second consulting physician to review boards that examine each individual case and render a decision for or against
forced treatment to the requirement for a judgment of
incompetence and the appointment of a legal guardian
(Simon 2003).
Aside from pharmacotherapy, state hospitals provide
psychosocial rehabilitative services. Specialists in occupational therapy, vocational therapy, recreational therapy,
and psychology assist in developing individualized treatment (or “programming”) for each patient. One recent
trend, which has received a fairly high level of popularity
despite the relative lack of research into its effectiveness,
is the “treatment mall.” Treatment malls are centralized,
off-unit areas where multiple groups and activities are offered to patients in the context of an individualized treatment schedule. Groups are often interdisciplinary and are
usually composed of both male and female patients. Although the mall model currently lacks substantial empirical data, it makes some intrinsic sense. The goal is to provide a more normalized, structured experience (e.g., “going
to the mall” is similar to going to work or school) and to
ease transition back to community living. The centralization of services also facilitates rational use of manpower
and reduces duplication of effort.
Most state psychiatric hospitals include medical services for the identification and treatment of comorbid
medical conditions. Incorporation of medical services is
particularly important for persons with schizophrenia because these patients have increased mortality and behaviors that elevate risk for medical disease (such as smoking,
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obesity, and sedentary lifestyle) (Lambert et al. 2003). Additionally, a greater burden of medical problems contributes to more severe psychiatric symptoms in schizophrenic
patients (Dixon et al. 1999). Given that half of schizophrenic patients have at least one comorbid medical
condition (Green et al. 2003; see also Chapter , “Nonpsychiatric Comorbid Disorders,” this volume), medical treatment planning, on both the inpatient and the outpatient
level, is an essential aspect of schizophrenia management
in the public sector.

DEPARTMENT OF VETERANS AFFAIRS SERVICES
Schizophrenic patients who served in a branch of the
United States military may be eligible for mental health
treatment through the VA medical centers. The level of
benefits varies depending on the designated priority group
(e.g., those with greater than 50% service-connected disability are defined as priority group 1). One must have
“veteran status” prior to obtaining any benefits. To qualify
for this status, the individual must have 24 months of active military service, although there are some exceptions
(e.g., discharge due to disability). Services covered under
the VA medical benefits package include inpatient and
outpatient mental health and substance abuse treatment.
Prescription drugs are available under the VA national formulary system.
The VA mental health care system offers many of the
services described earlier for CMHCs and state hospitals.
Somewhat unique to the VA as a public mental health system is its ability to collect and store large amounts of data
(particularly pharmacy data) and the ability to initiate
multicenter clinical trials within a single service provider
network. The VA system usually has better data management capabilities than other public systems, and, as a consequence, information about many patients can be tracked
and analyzed.
Analysis of VA pharmacy record databases have yielded
information on prescribing practices of atypical antipsychotics, including potential racial disparities (Copeland et
al. 2003), dosing and switching practices (Owen et al.
2003; Sernyak et al. 2003a, 2003b), polypharmacy (Leslie
and Rosenheck 2001), and costs associated with atypical
antipsychotic use (Byerly et al. 2003). The VA system also
draws from a national population base, allowing for centralized research with a large number of patients within a
single-payer public system. Large clinical trials have investigated the use of clozapine in schizophrenic patients,
examining not just clinical response (Rosenheck et al.
1998a) but also quality of life (Cramer et al. 2001), effect
on health care costs (Rosenheck et al. 1999), effect on

family (Rosenheck et al. 2000), and role in psychosocial
rehabilitation (Rosenheck et al. 1998b). Comparative trials have added information about treatment with typical
and atypical antipsychotics (Rosenheck et al. 1997, 2003),
as well as data regarding the efficacy of a variety of psychosocial interventions including life skills training (Brown
and Munford 1983), intensive community care (Rosenheck et al. 1995), and paid employment (Bell et al. 1996).
Information management and centralized provider status
have facilitated research into “real world” issues related to
schizophrenia in the VA system; thus, a strong argument
can be made for updating computer and data management
systems and for developing research coalitions in other
public settings.

JAIL, PRISON, AND FORENSIC TREATMENT SETTINGS
The criminal justice system, particularly jails and prisons,
has become one of the largest providers of mental health
care in the United States because of the numerous mentally ill individuals within these facilities. For example, a
2002 survey of Tennessee jails reported that 17.8% of the
inmate population had a mental illness (Diehl and Hiland
2003). A 1999 report by the U.S. Department of Justice
estimated that at least 16% of the inmates in jails and prisons had a serious mental illness, including schizophrenia,
bipolar disorder, and major depressive disorder (Ditton
1999). Of the mentally ill inmates, 53% were in prison for
a violent offense (Ditton 1999). Incredibly, 44% of 2,585
mentally ill persons surveyed by the National Alliance for
the Mentally Ill reported having been detained or arrested
by the criminal justice system in their lifetime (Hall et al.
2003). A recent Human Rights Watch Report (2003) estimated that on any given day, 70,000 inmates in United
States prisons are psychotic.
Given the high prevalence of mental illness among inmates, Gilligan (2001) has referred to the prisons as the
“last mental hospital.” Thus, jails and prisons “by default”
become one of the largest public providers of mental
health treatment. Part of the explanation for the large
number of mentally ill persons in legal custody is the
“criminalization” of mental illness, whereby persons who
show dangerous and possibly illegal behaviors, as a consequence of their mental illness, are directed toward the
criminal justice system rather than referred for mental
health treatment (Quanbeck et al. 2003; E.F. Torrey 1995;
Treffert 1981).
In addition to the general jail and prison inmate population is the forensic psychiatry treatment population.
These persons, who have had contact with the criminal justice system, fall into two major categories. The first group
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comprises those who cannot proceed to trial because their
mental illness precludes their understanding of the legal
and judiciary process. The focus of psychiatric treatment
for these patients is competency restoration, or treatment
of the offender’s mental illness to such a degree that he or
she can understand the legal situation and participate in
court proceedings (Bertman et al. 2003; R. D. Miller
2003). The second group comprises those who have been
deemed not guilty by reason of insanity; that is, determination has been made that the severity of symptoms of
mental illness precluded individual responsibility for a
criminal act. In practice, most people found not guilty by
reason of insanity have a diagnosis of schizophrenia or
schizoaffective disorder. For example, almost two-thirds
of the patients in an outpatient program for offenders
found not guilty by reason of insanity had a diagnosis of a
primary psychotic disorder (Kravitz and Kelly 1999).
Such patients receive treatment for their mental illness,
but release back to community care, despite successful
psychiatric treatment, can be complicated by the notoriety of the index offense and the difficulty in predicting future violent behavior (Patterson and Wise 1998). Finally,
in those who are found guilty but mentally ill (Palmer and
Hazelrigg 2000), the verdict requires that a convicted offender serve the full sentence designated for the crime,
with the expectation that treatment for mental illness will
be provided.

DUAL DIAGNOSIS PATIENTS
A patient population group shared among all the public
treatment settings is the dually diagnosed group; that is,
schizophrenic patients with a comorbid substance abuse
problem (Mueser et al. 1990). The Epidemiologic Catchment Area Study reported that 47% of the persons with a
lifetime diagnosis of schizophrenia or schizophreniform
disorder also met lifetime criteria for substance dependence (Regier et al. 1990). Patients with both schizophrenia and a substance use problem have a worse prognosis,
with complications of more frequent relapses and hospitalizations (RachBeisel et al. 1999) related to treatment noncompliance (Owen et al. 1996). Drake and colleagues (Drake
and Mueser 2001; Drake et al. 2004) emphasized that treatment of schizophrenia complicated by a substance use
disorder should be based on an integration of treatment
modalities, as opposed to participation in separate programs. In integrated dual diagnosis programs, an individual’s mental and substance use disorders are treated by the
same clinician, who has been trained to assess and treat
both problems. The substance abuse treatments in integrated programs are designed specifically for persons with
severe and persistent mental illness, having a slower pace

and a longer-term perspective than programs that focus on
only substance abuse. Integrated programs emphasize the
need for pharmacotherapy to treat the mental illness (as
opposed to the blanket prohibition of any psychoactive
medications in some substance abuse programs).

PREVENTION PROGRAMS
Most public and community mental health programs have
prevention programs at the secondary and tertiary levels.
Secondary prevention is essentially treatment of the acute
condition, with the goal of restoring function to premorbid levels. Components of secondary prevention include
early identification of illness and then symptomatic and
functional recovery (treatment). The finding that psychotic symptoms appear on average a year or more before
first treatment contact (Larsen et al. 2001) suggests that
identification strategies are not optimal. Tertiary prevention includes rehabilitative efforts geared toward avoiding
adverse consequences of the illness (e.g., disability).
Very few public mental health systems have primary
prevention programs related to schizophrenia, in which
an effort is made to help persons at risk avoid the onset of
psychosis. Recent research regarding identification and
treatment of prodromal symptoms provides a rationale
for developing primary prevention models in schizophrenia treatment (McGlashan 2003; McGlashan et al. 2003;
T.J. Miller et al. 2003). Persons who are at high risk for
schizophrenia have attenuated psychotic symptoms; brief,
limited, and intermittent psychotic symptoms; or trait and
state risk factors (e.g., having a first-degree relative with
schizophrenia or having schizotypal personality disorder)
(Brewer et al. 2003; Yung and McGorry 1996). Persons
meeting strict high-risk criteria have a rate of progression
to psychotic disorder of 40% over 12 months (Yung et al.
2003). Early pharmacotherapy and psychotherapy targeted toward this group have been found to reduce the
risk of transition to psychosis (McGorry et al. 2002). Additionally, antipsychotic treatment results in symptomatic
relief in prodromal patients, although this group is highly
sensitive to the side effects of antipsychotic medication
(with greater weight gain with olanzapine treatment than
with placebo ) (Woods et al. 2003). In an effort to improve
and standardize diagnosis of a schizophrenia prodromal
syndrome, the Structured Interview for Prodromal Syndromes has been developed (T.J. Miller et al. 2003).
The current evidence suggests that early identification
and treatment of persons at risk for schizophrenia is possible and results in improved outcome. Less clear is the optimal public health approach to cost-effectively identify
these persons in community populations and the risk-benefit ratio of antipsychotic drug treatment in this population.
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CONCLUSION
Treatment of schizophrenia in the public sector varies depending on service location and target population. The
quality and quantity of service provided are based on economic constraints and the availability of qualified professionals. Ideally, treatment of schizophrenia in the public
sector prioritizes interventions that have shown efficacy in
reducing relapse and need for hospitalization while increasing patient psychosocial functioning (i.e., evidencebased or best practices). These interventions include, at a
minimum, antipsychotic medication, assertive outreach
(ACT), supportive housing, case management, and integrated services for treating coexisting substance use or
medical problems.
Individual service settings must further prioritize to
maximize cost-benefit ratios based on the realities of their
own financial and provider situations as well as their target
population. Service settings must define outcome measures
(e.g., hospitalization, homelessness, medication compliance) and assess the effect of their chosen interventions on
these measures. Effective interventions can be further
supported, and less effective interventions can be refined
or abandoned. Research results derived from such analyses should contribute to the development of evidencebased practice. Thus, data management and analysis are
crucial aspects of public treatment settings.
Service settings should have the capacity to treat patients in all phases of illness, from acute exacerbation of
psychotic symptoms to remission. Ultimately, the goal for
all patients is treatment in the least restrictive setting and
the development of optimal functioning and recovery.
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vegetative symptoms of, 228
Depressive disorder with psychotic features, 213
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