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The article summarizes the process used to distill schizo-
phrenia science into 22 facts. These facts consist of 6 basic
facts, 3 etiological facts, 6 pharmacological and treatment
facts, 5 pathology facts, and 2 behavioral facts that were
critically reviewed by the scholarly community through
a special initiative in cooperation with the Schizophrenia
Research Forum. A subset of 10 of these facts was selected
to form a common set of findings to be explained from the
different theoretical perspectives included in this special
section of Schizophrenia Bulletin. The rationale for this ex-
ercise is to distinguish more precisely the areas of agree-
ment and disagreement between theories of schizophrenia
and to highlight where more thought and data can make
the greatest impact for understanding this disease.
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Introduction: Building a Community Consensus

Japan has a gift for developing crackpot entertainment.
Iron Chef is one such show that also amassed a cult fol-
lowing in North America. Week after week the show’s
host would challenge chefs from different culinary tradi-
tions to create a meal featuring shared ingredients. The
show drew viewers because the competing chefs drew
their creative end point, their pieces de resistance, from
common elements. The current exercise may lack the
made-for-TV pyrotechnics and manufactured drama of
Iron Chef, but the dynamic spark that comes from using
a common set of ingredients will be familiar to its fans. In
short, this special section of Schizophrenia Bulletin is
designed to set current theories of schizophrenia patho-
physiology side by side to highlight their capacity to ac-
count for the same body of knowledge. This exercise will
hold particular appeal to readers who want to compare

modern theories of schizophrenia, but who are concerned
that support for such theories suffers from a tendency to
self-select the findings to be explained.

The current project drew out of the guest editors’
experiences at the biannual International Congress of
Schizophrenia Research. As at any conference of its
size, thousands of presentations are made from numerous
perspectives and in various formats. Unlike many confer-
ences organized around a methodology or level of anal-
ysis, this conference is, like this journal, focused on the
problem of schizophrenia. There is an obvious question
that comes from attending such a problem-focused con-
ference over time. Does all this research activity contrib-
ute to a broader understanding of schizophrenia? This
question was very difficult to address without framework
on which to organize and integrate the findings that ad-
dress the question of schizophrenia. If the obvious source
of such a framework is a good theory of the disorder,
a better framework might be the collection of theories
vying to explain schizophrenia.

Just as the task of theorizing about the basis of schizo-
phrenia is not as fanciful as producing a gourmet meal for
Iron Chef, so the task of selecting the common ingredients
is not as easy as going to the grocer. By their nature, such
findings often have a greater affinity for one theory than
another. The selection of facts therefore becomes a battle-
ground on which theories vie for the upper hand. This
struggle often occurs by the process of embracing conve-
nient findings and disregarding inconvenient ones.
A compilation of what is known about schizophrenia risks
biasing the observer toward one theory or another. To
make this as productive an exercise as possible, we deter-
mined to draw from as wide a pool of expertise as possible.
Figure 1 describes the strategy we adopted to maximize the
likelihood of an inclusive, unbiased compilation of facts
drawn from the broadest available scholarship.

To jump start the process, we drew upon the expertise
of schizophrenologists at the University of Minnesota
and the Veterans Affairs Medical Center, both in Minne-
apolis. This informal consortium, the Minnesota Consen-
sus Group, was to compile the preliminary list of facts for
consideration by a wider audience. One of the first ques-
tions encountered by the Group was ‘‘How many facts
should there be?’’ A logical response is then ‘‘As many
as there are things known, beyond dispute, or generally
accepted about schizophrenia.’’ This response provides
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less guidance than meets the eye; the threshold for being
known beyond dispute or generally accepted is fluid. So
instead of seeking to define a threshold between what is
and is not beyond dispute, the Group was guided by 2
additional features of the project: its purposes and the
need to engage and receive feedback from the scholarly
community.

The purpose of the compilation of facts was to provide
a common set of explananda or features of schizophrenia
to be explained by each theory of the disorder included in
this special section. To make this exercise interesting, or
even feasible, it was determined that this common body
of facts should have no more than 10–12 items. Those
items could then be selected from a larger list of facts
based on their potential for providing insight into the dis-
order. Because we sought input from the broader schol-
arly community, who would likely not be able to dedicate
a lot of time to consideration of our list, we decided the
larger body of items should not be too extensive. We
hoped that scholars would be drawn in rather than
daunted by the task of reviewing and commenting on
such a list. The facts were selected based on a preliminary
consensus arrived at through an open discussion of the
Minnesota Consensus Group. This was followed up by
a literature search, which was then re-evaluated by group.
While it was often difficult to word a fact succinctly, con-
sensus regarding the content was not difficult to obtain.

As a result of these considerations, the initial list in-
cluded 21 items labeled ‘‘What We Know’’ and ‘‘What
We Don’t Know.’’ The list was opened on the Schizo-
phrenia Research Forum site in the autumn of 2007.
Hakon Heimer also provided a key piece of advice in
directing our attention to a similar list on the Alzheimer’s
Research Forum. The Alzheimer’s resource had adapted
a convention of indicating, for a given item, what we
knew adjoined to what we did not know. This convention
allowed us to differentiate between facts that were over

our subjective threshold and active areas of research
that would eventually augment our knowledge. With
the help of the Forum and the national office of the Na-
tional Alliance for Research in Schizophrenia and Affec-
tive Disorders, we solicited input from the broader
scholarly community. In this way we hoped to collect
the impressions, contradictions, and insights from
a group far larger and more diverse than the Minnesota
Consensus Group. Of course this was an act of faith; one
possible outcome was that the Forum would be bom-
barded by axe-grinders and partisans with no sense of
the broader goals of the project. In the event, we received
a multitude of considered and generally balanced per-
spectives from many of the top scholars in the field.
This feedback was in turn posted with an invitation
for the community to write about these comments as well.

Eight months after our initial meeting, the Minnesota
Consensus Group reconvened to consider the feedback
collected through the Forum. A number of changes to
the initial list were implemented. For example, it was
clear that some of our assertions (such as our endorse-
ment of several genetic loci) overstated our knowledge
in that domain. In addition, feedback from prominent
epidemiologists drew our attention to recent reviews
that allowed us to provide a more nuanced perspective
on environmental risk factors. There were a number of
specific suggestions that we did not feel met our threshold
for inclusion as facts but we agreed were promising ave-
nues of on-going research. In such cases, we made fre-
quent use of the ‘‘What We Don’t Know’’ column to
highlight some of these important areas of continuing re-
search. As a result, this column grew to include not only
a catalogue of our ignorance but also hints about what
might be included as facts in future versions of the table.

Through the course of revision, the number of facts
contracted and expanded. Table 1 reports the final list
of 22 solid findings about schizophrenia derived through
this process. The table divides these facts into what is
known, what remains to be known, and where possible
a short summary of the relevant effect size reflected as
either an odds ratio (OR) or a Cohen’s effect size (d).
While the selection of effect sizes from competing reviews
has the potential to be a thorny problem for a review of
reviews such as this, in practice this arises less frequently
than feared. For some observations, effect size estimates
were not available. Where present, our approach favored
reviews that were more specific, comprehensive and re-
cent, traits which often went together. While this had
the negative externality of not acknowledging many
foundational papers in the field, it provided extra reassur-
ance that the most recent work had been incorporated
into a final parameter estimate. Where comprehensive-
ness, recency and specificity did not adjudicate between
effect size estimates, we erred on the side of citing a range
of effect sizes. It is useful to note that to the extent to
which schizophrenia patients are heterogeneous, it is

Fig. 1. Diagram of ‘‘What We Know, Revised List’’ (Table 1)
Development and Revision Process.
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Table 1. What We Know, Revised List

What We Know What We Do Not Know Impact in OR Or Effect Size Additional Cite

Basic facts
1 Schizophrenia has a heterogeneous

presentation, with disorganized,
positive, and negative symptoms
having different levels of prominence
across time and across individuals

What causes some symptoms to be more
expressed in one patient and a different
subset in another? Are other factors
(eg, mania, depression, cognitive function)
also independent components of schizophrenia?
Are there valid subtypes, such as a deficit
syndrome or 22qDS that can establish more
homogeneous groupings

— 1

2 Schizophrenia is relatively common,
affecting approximately 0.7% of
the world’s population (CI 95%
0.3%–2.7%)

What are the sources of variation in
prevalence across the world? Across
populations, what is the rate of
remission and relapse?

— 2

3* Prevalence is greater in men throughout
most of adulthood, but is equal by the
end of the risk period

Are the relevant differences between men
and women cultural, behavioral,
biological, or an ascertainment bias?
Is schizophrenia equally prevalent in
both sexes by age 50 or 60, and if so
why? Why are identical twin concordance
rates similar for men and women?

OR = 1.4 (male)3 4

4* Schizophrenia has a peak of onset in young
adulthood and is rare before adolescence or
after middle age. Onset also interacts with
sex, such that men are likely to become ill
earlier in life than women.

Is psychosis that appears early (before age 14)
or particularly late (after age 40) similar to
cases in adolescents and younger adults?
How should diagnostic criteria adapt to
differences in symptoms with age?

— 5

5* Liability to schizophrenia is highly heritable
(about .81), and concordance between identical
twins is almost 50%, suggesting a role for
environmental or stochastic influences as well

Do the same genes account for the disorder
in different populations? What are the
relevant environmental factors,
and are they shared or unshared?

OR = 99 (identical twin of patient)6 7

6* All drugs with established anti-psychotic effects
block dopamine D2–like receptors, but
antipsychotic drugs are not effective
for all schizophrenia symptoms.
Among available agents, the atypical
antipsychotic Clozaril is the most effective;
however, it carries unique risks for some.

Why are not the most effective dopamine
antagonists also the most effective for
reducing symptoms? What is the most
cost-effective way to treat schizophrenia?
How do effects at other receptors
(eg, 5HT2c, mGlu) and pharmacologically
induced changes in gene expression
influence efficacy?

— 8,9

Etiological facts
7 Linkage studies (which identify regions of the

genome where schizophrenia genes might
be found) suggest a number of regions that
show genome-wide significance (8p and
22q), with several other regions also receiving
strong support (1q, 2q, 3p, 5q, 6p, 11q,
13q, 14p, 20q)

Should we expect different populations to
have schizophrenia genes in the same
locations? How many genes should
we expect? Will studies that identify
particular genes, known as association
studies, show reliable effects? How should
research proceed in the face of large
numbers of potential interactions?

— 10
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Table 1. Continued

What We Know What We Do Not Know Impact in OR Or Effect Size Additional Cite

8 The unexpressed genetic liability to schizophrenia
affects cognitive and brain functioning and
brain structure. The most prominent impairments
in individuals with heightened genetic liability,
such as patients’ nonpsychotic relatives, have
been measured on executive functioning.
Overall gray matter and hippocampal volume
are also slightly smaller in the relatives of
patients with schizophrenia

Will these ‘‘endophenotypes’’ that reflect
the unexpressed genetic liability to
schizophrenia help to identify risk genes?
Can such behavioral data inform efforts
to understand variability in patients?

Continuous performance tasks in
relatives d = 0.56–0.6611; trail-making
tests 0.43–0.5011; total grey matter
decrease in relatives d = 0.1812;
hippocampus reduction in relatives
d = 0.3112

,

9* Several early neurological insults, later life stressors,
and nonhereditary genetic risk factors confer
additional risk. These include (in order of impact):
migrant status, older fathers, Toxoplasmosis gondii
antibodies, prenatal famine, lifetime cannabis use,
obstetrical complications, urban rearing, and
winter or spring birth.

Are these independent or related
risk factors? How do they interact
with genetic risk, and to what degree
are they specific to schizophrenia?
In other words, what is the causal
path between each factor and the
illness outcome?

OR = 4.6 (migrant status)13; OR = 3.8
(older fathers)14; OR = 2.73
(T. gondii antibodies)15; OR = 2.3
(prenatal famine)115; OR = 2.1 (lifetime
cannabis use)16; OR = 1.79 (obstetrical
complications)27; OR = 1.72 (urban)17;
OR 1.07 (winter/spring birth)18

’’

Pharmacological and treatment facts
10* While antipsychotics can lead to immediate

improvement for some individuals,
the time course of medication effects
varies widely with some patients showing
responses to medication more than a
month after beginning treatment

Is receptor occupancy only one of several
ways in which antipsychotics produce
therapeutic effects?

— 19,20

11* Exposure to amphetamine, a dopamine
agonist, can result in schizophrenia-like
symptoms in some individuals. This effect
may interact with liability, such that a single
dose can trigger relapse in patients, but
more chronic use is usually needed
to induce psychosis in low risk populations.

Why is this effect observed in chronic,
but not acute, amphetamine use?

— 21,22

12* A single exposure to phencyclidine and other
NMDA receptor antagonists (such as
ketamine) can result in schizophrenia-like
symptoms in some individuals

Are NMDA receptors a useful target
for new antipsychotic agents?

— 23

13 A number of psychosocial treatments, including
social skills training, family interventions,
cognitive behavioral therapy, and
cognitive training have been found to be
effective for a number of psychotic symptoms.

To what extent do these treatments have
specific effects? How can positive
outcomes be sustained over time?
How can barriers to implementing
these treatments in the field be addressed?

d = 0.23–0.77 (social skills training);
d = 0.22–0.71 (family interventions);
d = 0.20–0.49 (cognitive training);
d = 0.39–0.47 (cognitive behavioral
therapy)24

14 Longer duration of untreated psychosis is
associated with a poorer treatment response

Can prodromal and early intervention
programs alter long-term outcomes
on a widespread basis?

d = 0.50 (increased symptoms in
untreated patients)25

15 Patients have a 4.9% rate of suicide, which
is far greater than the average risk in the
United States

Can suicide-prevention interventions
directed at patients early in their illness
help to reduce this risk and save lives?

— 26
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Table 1. Continued

What We Know What We Do Not Know Impact in OR Or Effect Size Additional Cite

Pathological facts
16* In postmortem studies, pyramidal neurons in input

layers of prefrontal cortex have a reduced dendritic
spine density; whereas hippocampal neurons
appear to abnormally oriented with signs of
arrested migration

Are reduced arborization and migration
causal or epiphenomenal in the
schizophrenia disease process?

Prefrontal cell abnormalities d =
0.87–1.12; hippocampal cell
abnormalities d = 0.36–0.9027,28

29

17* GAD67, that converts glutamate to GABA,
is reduced in schizophrenia patients.
Reelin, an important factor involved in synaptic
plasticity which colocalizes to GABergic
interneurons, is also reduced.

What is the role of GABAergic
interneurons in the symptoms of
schizophrenia? Are they amenable
targets for new anti-psychotic agents?

— 30

18 Even in first-episode patients, the lateral,
and third ventricles are somewhat larger,
whereas total brain volume is slightly smaller

Given the great degree of variability
in brain size in the general
population, how is such a subtle
change related to risk?

d = 0.24 (about 2.7%, total brain volume
decrease); d = 0.32 (lateral ventricle
increase); d = 0.59 (third ventricle
increase)31

32

19 Medial temporal lobe structures such as the
hippocampus, superior temporal, and
prefrontal cortices as well as the thalamus
tend to be smaller in patients with schizophrenia

What is the relationship between
volume reduction, function and
symptom expression?

d = 0.55 (hippocampus reduction in
patients)33; d = 0.40 (superior
temporal gyri)33; d = 0.39–0.41
(prefrontal cortex)33; d = 0.30
(thalamus)34

20 Functional abnormalities occur in a number of brain
systems, including prefrontal and temporal
cortices and subcortical structures

Is this a general feature of patients’
brain or are functional abnormalities
in certain regions more closely
linked to symptom expression?

d = 0.99 (reduction in MMN)35;
d = 0.87 (reduction in P300)36;
d = 0.20 (decrease in
dorsolateral prefrontal cortex
activity with performance as a
significant moderator)37

38

Behavioral facts
21 Cognitive tests are challenging for many, but

not all, patients even during remission.
The greatest deficits appear on tasks such as
verbal memory, performance IQ, and coding tasks.

To what extent are cognitive deficits
general (that is affecting all functions)
or specific (ie, concentrated in a
particular function)? For example
are executive control functions
and early perceptual functions more
compromised than other functions?

d = 0.90 (overall cognitive
performance); d = 1.4 (verbal
memory)28; d = 1.4 (performance
IQ)39; d = 1.57 (coding)40

22 The extent of patients’ cognitive deficits generally
predicts functioning in work, social interactions,
and independent living perhaps even more
than symptom expression

What treatment modalities are best
suited to improve cognitive
functioning and everyday living? Are
there some treatments that work
for some patients but not as
well for others?

d >0.50 (performance predicting
outcome)41

Note: *indicates 1 of the 10 facts to be explained by theories in this special section.
OR, odds ratio; d = Cohen’s d; NMDA, N-methyl-D-aspartic acid; MMN, mismatch negativity.
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important to consider that these estimates will underes-
timate the true parameter for the relevant group and
overestimate the parameter for the irrelevant group or
groups. Of these 22 facts, 10 were selected by the group
as facts that had the greatest potential to discriminate be-
tween modern theories of the etiology and pathophysiol-
ogy of schizophrenia. As described below, the authors of
the subsequent sections were then supplied with both the
full table and the subset of 10 items that they were asked
to account for (or object to) within their theoretical per-
spective.

Results: The 2008 Consensus Report

The results of this process are summarized on Table 1.

Basic Facts

The review process yielded 6 established or ‘‘basic’’ facts
about schizophrenia. The first fact is that schizophrenia is
known for its variety of symptoms such as hallucinations,
delusions, disorganized thinking, and cognitive dysfunc-
tion. These symptoms vary between individuals with
some having predominantly deficit symptoms from the
onset of their illness42 to others who have predominantly
paranoid delusions without significant symptoms in
other domains. One approach to heterogeneity has been
to describe schizophrenia as a collection of discrete sub-
types.43 For example, the type I/type II subtyping of
schizophrenia, which integrated symptomatic, biologic,
and outcome heterogeneity generated a great deal of re-
search and may still offer strategies for approaching het-
erogeneity.44 Other neurological illnesses that have high
rates schizophrenia-like psychosis include 22q deletion
syndrome and late-onset Tay Sachs disease, which may
provide other valid subtypes and clues to the heterogene-
ity of schizophrenia and its genetic underpinning (eg,45).
An alternative to subtyping that is now widely embraced
is the investigation of symptom dimensions as a way to
organize patient heterogeneity.1,46 Lately articles describ-
ing the ‘‘deconstruction’’ of psychosis have posited that
symptom heterogeneity may be a broader psychiatric
phenomenon. These authors suggest that psychosis is
the superordinate category with subtypes such as schizo-
phrenia and bipolar illness.47 In addition to between-
patient differences, there are within-patient changes in
the level of symptoms over time. For example, in the
years before the introduction of antipsychotic medica-
tions, assessment of the Iowa 500 demonstrated a signif-
icant progression of negative symptoms over time. While
it remains unknown what causes patients to have differ-
ent symptoms across time and across individuals, recent
work examining genes and environment48 or the relation-
ship of genes to cognitive function49 may eventually shed
further light. The field has also not fully accommodated
the occurrence of mood and cognitive symptoms into the

nosology of schizophrenia. These observations leave
open the possibility that new answers might arise from
examining dimensions or syndromes associated with
schizophrenia or from examining schizophrenia as just
one kind of psychotic illness.

The second fact is that epidemiologic studies utilizing
objective diagnostic criteria have demonstrated that
schizophrenia is a relatively common illness affecting ap-
proximately 0.7% of the world’s population.2,50 The prin-
ciple thrust of World Health Organization’s work was the
relative consistency of this prevalence rate in countries
around the world.50 However, a number of more recent
large and carefully designed studies have demonstrated
that there are some pockets of lower and higher risk—
such as northern Sweden.2 In addition, the course of
remissions and relapses appears to differ across cultures.
For example, some Indian and African sights have noted
a somewhat milder course with less relapse than in indus-
trialized nations.50 The sources of this variation in prev-
alence remain largely unknown, and there is very little
information about whether these differences in outcome
are related to the biology of the illness or a perception of
decreased stress.

The third and fourth facts address the sex ratio of the
illness and its age of onset. Schizophrenia appears in
males and females at a similar rate until the ages usually
associated with puberty. From the age of puberty on-
ward, males have an earlier age of onset than females
by between 3 and 5 years, which is also the period at
which incidence peaks. New cases then taper off but
do not disappear by any means; after the age of 45, or
about the usual time for menopause, there may be a pe-
riod in which women have greater onset of schizophrenia
than men4,51,52 (but see 3). There is also substantial evi-
dence that women have a less severe course of the illness,
eg women are more responsive to antipsychotic agents. It
bears mentioning that prevalence differences are com-
mon in other psychiatric disorders as well—attention def-
icit hyperactivity disorder is more common in males, and
borderline personality disorder is more common in
females. What we do not know about the greater preva-
lence of male onset in schizophrenia from early teenage
years through to mid-40s is what is the nature of these
gender differences. Some have hypothesized the protec-
tive potential of estrogens or effects related to gender-
specific brain development. One might expect that if
the threshold for the disorder is different for men and
women that twin concordance rates would be different
across sexes. While this may be the case for fraternal
twins, there does not appear to be a sex difference in con-
cordance among identical twins (eg, 53), the importance
of which is the topic of our next fact. Also, it remains un-
clear whether developmental changes should be taken
into account in the diagnosis of schizophrenia, eg by us-
ing different criteria for the disorder for young or elderly
patients.
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The fifth fact summarizes findings from genetic epide-
miology, which uses family, adoption, and twin studies to
examine how illness risk changes for individuals depend-
ing on the proportion of genes they share with a schizo-
phrenia patient. Twin studies in particular led to our most
stark causal finding, that being a 99-fold increase in the
odds of being diagnosed with schizophrenia if one’s iden-
tical twin is ill relative to the risk in the general popula-
tion. While this is more than 20 times greater than the OR
associated with any ‘‘measured’’ environmental factor,
the twin concordance is still only 50%. This suggests
that many people with an increased risk for the disorder
never fully manifest the illness7 and that unmeasured,
nongenetic factors also play an important role. Large-
scale family studies have reported somewhat lower
estimates of heritability (eg, 64%54), perhaps because
identical twins share epistatic similarities (gene by gene
interactions) to which family studies are less sensitive.
One recent meta-analysis of the twin literature also sug-
gests common environmental factors, events that twins
share by virtue of growing up under the same circumstan-
ces irrespective of whether they are identical or fraternal
twins, may account for up to 11% of variance in symptom
onset.6 However, the nature of these events more specif-
ically is only just beginning to be explored within epide-
miological studies (fact #9). Another important question
that remains to be answered is whether the same genes
(and presumably the same regions of the chromosome)
are associated with illness risk in different human
populations.

The sixth fact addresses what we can infer from phar-
macotherapy. It has been noted that all the Food and
Drug Administration (FDA)-approved medications for
schizophrenia are substantially active at the dopamine
D2 receptor. The first medication to demonstrate anti-
psychotic activity—in both schizophrenia and bipolar
disorder—chlorpromazine was later found to have signif-
icant dopaminergic activity leading to the dopamine hy-
pothesis of schizophrenia.55 Later work demonstrated
the activity of chlorpromazine at the D2 receptor.8,56

This basic fact regarding schizophrenia has been
addressed through the testing of numerous medications
acting on neurotransmitters or receptors in the brain
that do not involve the D2 dopamine system. For exam-
ple, opiate antagonists, propranolol, serotonin antago-
nists, and D4 antagonists have all been examined in
careful studies and have not had significant or long-
lasting effects. Other interventions for schizophrenia
with transient effects include electroconvulsive therapy
and high-dose benzodiazepines, likely because they ad-
dress other brain functions to reduce psychosis or indi-
rectly diminish dopamine neurotransmission. Another
fact about the psychopharmacology of schizophrenia is
the unique usefulness of clozapine as a treatment of
last resort. Early studies of clozapine demonstrated an
advantage over placebo but also chlorpromazine. The

landmark study by Kane et al57 demonstrated clozapine’s
usefulness in the treatment refractory patient group. Clo-
zapine became the first ‘‘atypical’’ antipsychotic medica-
tion to be approved by the FDA and led to the
exploration of possibilities for decreasing psychosis
with an emphasis on low movement disorder side effects.
However, clozapine and other second-generation anti-
psychotic medications are also active in blocking dopa-
mine D2 receptors and therefore conform to the rule.
What remains mysterious then is why the most specific
and potent D2 receptor–blocking agents are not the
most effective for treating schizophrenia. For example,
although clozapine has D2 receptor–blocking properties,
it affects many neurotransmitters. This leaves open the
question of the role in psychosis of other receptors and
neurotransmitter systems such as serotonin. Further,
the effectiveness of antipsychotic medications which sta-
tistically significantly reduce symptoms of psychosis
comes at a price. There is the initial cost of the medica-
tion, issues related to relapse and costly rehospitalization,
and the impact of some antipsychotic medications on
cognition, which diminishes the opportunity for the pa-
tient to return to work. It is also interesting to note that
accepted knowledge about this basic fact may have to be
revised in light of recent evidence suggesting that an
mGlu 2/3–activating compound may also be more effec-
tive than placebo.58 The glutamatergic-acting compound
was also compared with olanzapine, a D2 receptor–
blocking atypical antipsychotic medication, and there
was no statistical difference between the 2 medications.
Current replication studies are underway, and substantial
interest is focused on the potential of the first non-D2
receptor treatment for the psychotic symptoms of
schizophrenia.

Etiological Facts

The review process yielded 3 etiological facts. Thus, the
seventh fact on our list dealt with molecular genetic find-
ings in schizophrenia. Through the process of revision,
we removed any single-nucleotide polymorphism or spe-
cific structural variant from consideration as a solid fact
of schizophrenia. There were, however, 2 meta-analyses
of generally the same database of linkage studies both of
which fingered 2 regions, 8p and 22q as regions with
strong linkage to schizophrenia.59,60 In addition, these
analyses separately implicated 13q60 and 1q, 2q, 3p,
5q, 6p, 11q, 13q, 14p, and 20q.59 The relationship
between genes and schizophrenia remains one of the
most active areas of research in schizophrenia. Of course
the main thrust of this literature is to go beyond the lim-
itations of linkage findings, which after all can only iden-
tify regions of the genome likely to be implicated in the
disorder, and to examine actual genes.10 As noted above,
this effort is ongoing, without any particular gene impli-
cated beyond question (see reference 61 for a description
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of the Schizophrenia Research Forum’s exhaustive
approach to this issue). As technology for genotyping
advances, new techniques that examine the whole ge-
nome are opening new avenues of research. One result
of this work has been the finding that patients may
have a different number of copy number variants,62,63

or regions where the structure of a gene is altered. While
these specific results must still be regarded cautiously,64

such findings remind us of the possibility that the genetic
liability to schizophrenia need not be related to the same
portion of the genome across individuals or even across
populations. This is a fundamental, outstanding question
that will need to inform the methods and procedures used
in the coming years.

Despite uncertainty about the role of specific genetics,
there is a strong and generally consistent literature on the
unexpressed genetic liability to schizophrenia. Thus, the
eighth fact on our list drew on such quantitative genetic
studies, generally conducted in the unaffected first-degree
relatives of schizophrenia patients. Such studies have
found that the heightened genetic risk for the disorder
in this population is reflected in small changes in cogni-
tive functioning. Although some such studies show
inflated differences between relatives and controls based
on the nature of the recruitment of control groups,65

small differences between relatives and controls (gener-
ally less than d = 0.50) have been reported across a
wide variety of measures even when correcting for
such possible confounds. Differences in brain function66

and structure67 have also been reviewed, with consistent
patterns only now beginning to emerge. Interestingly,
these brain-related group differences are, if anything,
smaller than the behavioral differences reported to
date. One implication of this line of evidence is that these
more subtle indices of genetic liability, which have been
referred to as endophenotypes or intermediate pheno-
types,7 may be useful both in finding genes associated
with the illness and in understanding the mechanisms
through which this liability may become expressed as
full-blown schizophrenia.

The last etiological fact, the ninth on our list, subsumes
the environmental factors found to be associated with the
expression of schizophrenia. The importance of environ-
mental factors has been appreciated for some time. As
noted above, genetically identical twins are only 50%
concordant for developing schizophrenia.68 However,
a number of challenges, including the small effect sizes
associated with any given factor, has made it challenging
to pin down the particular environmental factors reliably.
Now several national epidemiological samples and meta-
analytic findings have drawn our attention to the role of
several factors with ORs ranging between 4.6 (for in-
creased prevalence in migrants) and 1.07 (for increased
risk in winter/spring births, see Table 1).13,14,27 Interest-
ingly, a number of these factors (older fathers, prenatal
famine, urban upbringing, and winter/spring birth) might

be considered ‘‘shared’’ or ‘‘common’’ environmental
influences, suggested by a meta-analysis of twin studies
(see fact #5, above). With a collection of strong candidate
risk factors, investigators can now address more mecha-
nistic questions that will help us understand the path to
schizophrenia. Perhaps most important among these is
how the environmental and genetic risk factors work to-
gether in manifesting schizophrenia. An understanding of
this interwoven pathway may have treatment implica-
tions that go beyond understanding the contribution of
any one environmental or any one genetic contributor.

Pharmacological and Treatment Facts

The process yielded 6 facts about the pharmacology and
treatment of schizophrenia. The 10th fact derives from
the observation that although the D2 receptors in the
brain are occupied within the first few hours of adminis-
tration, symptoms of psychosis in schizophrenia often
take far longer to resolve— often on the order of several
weeks—if they resolve at all. Of note is that psychotic
symptoms seen in nonpsychotic people frequently resolve
within hours of administration of a single dose of
a D2-blocking antipsychotic medication. The timing of
response to medications has been the object of recent
research in which older ‘‘basic facts’’ of clinical lore in-
dicating that 4–6 weeks is needed for the medications
to work have been shown not to be true. Such studies
have shown that the greatest symptom reduction occurs
within the first 2 weeks of treatment.19 Other studies have
shown that patients who do not respond briskly in the
first 2 weeks lag behind the treatment-responsive group
throughout the length of clinical trials.69 Further, some
patients have very little response to traditional or first-
line second-generation antipsychotic medications. Such
treatment-refractory patient show little change over the
first weeks of treatment (eg, 57). What is not known is
why D2 receptor occupancy can occur within hours,
yet substantial reduction of rating scale scores do not di-
minish for 2 weeks or longer. Whether these changes are
a delayed onset of action or a slowly emerging response, it
leads to an important question about other mechanisms
for the successful treatment of psychosis. For many med-
ications, examination of other factors such as second
messenger effects, effects on genetic aspects of cell-
function, etc. are being explored.

The 11th fact concerns the psychotomimetic action of
amphetamine. With the discovery of chlorpromazine as
an effective antipsychotic medication came the explora-
tion of its actions. Studies in normals demonstrated that
prolonged and high doses of amphetamine could produce
a paranoid schizophrenia-like picture, which was seen as
support the dopamine hypothesis. Subsequently, Angrist
and Gershon70 found amphetamine exacerbated symp-
toms of schizophrenia in patients with the illness and
that the degree of exacerbation was associated with
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antipsychotic medication treatment response. Other work
has suggested that response to amphetamines was not
always the same and may be related to the phase of illness.71

Recent studies utilizing positron emission tomography
(PET) scanning technology have demonstrated that
patients with schizophrenia have a greater outpouring
of dopamine following an amphetamine challenge com-
pared with controls.72,73 Therefore, the amphetamine
group of studies provides interesting facts about the
role of dopamine in psychosis. Some work that has
been done on dopamine-stimulating agents in other dis-
orders suggests that the psychosis-inducing effects of am-
phetamine challenges are not specific to schizophrenia.74

Regarding what is yet to be fully explained is why schizo-
phrenic patients are susceptible to psychosis following
amphetamine while normal subjects require an
extended period of time at very high doses to achieve
a similar effect. Also, as we shall see in the next fact, do-
pamine agonists are not the only class of drugs that can
exacerbate psychotic symptoms.

The 12th fact concerns the psychomimetic effects of an-
other class of drugs, N-methyl-D-aspartic acid (NMDA)
receptor antagonists. Decades ago, clinicians noted that
young people would come to emergency rooms with
schizophrenia-like symptoms following use of phencycli-
dine (PCP). Interestingly, this psychotomimetic agent led
to symptoms that were not readily reversible with tradi-
tional antipsychotic medications. Later investigators
noted that a related compound, ketamine, could be
used in the laboratory to create symptoms of psychosis
in control subjects and could lead to an exacerbation
of psychotic symptoms in schizophrenic patients.75

This tool led to another avenue of investigation of schizo-
phrenia that was not based on the dopamine hypothesis.
By examining functional brain imaging (PET), investiga-
tors demonstrated changes in the brain after ketamine
that differed between schizophrenic patients and con-
trols.76 The psychotomimetic properties of PCP and ket-
amine are leading to new avenues for the treatment of
schizophrenia. Glutamate-acting compounds such as
N-acetylcysteine77 may be useful in reducing refractory
schizophrenic symptoms when used as an augmenting
agent. However, many or even most glutamatergic com-
pounds are ineffective as antipsychotics. What remains
unknown is precisely what aspects of the glutamatergic
system are the most appropriate treatment targets.

While much schizophrenia treatment research has fo-
cused on medicine, the 13th fact is that a number of psy-
chosocial interventions can also help to treat the illness.
Overall, the effect sizes associated with these treatments
are small to moderate,24 which is approximately the mag-
nitude of psychosocial interventions for other disorders
and for many medications. Trials assessing family inter-
ventions, many based on theories of expressed emotion,
reduce relapse rates in patients with schizophrenia by
focusing psychoeducation, support, and strategies to

reduce family conflicts. Social skills training, which
focuses on initiating and maintaining interpersonal rela-
tionships to better integrate patients into their communi-
ties, has also shown ability to improve function in patients
with schizophrenia. Cognitive behavioral therapy for
schizophrenia adapts cognitive restructuring techniques
originally developed for treating major depression. These
techniques allow one to challenge, and ultimately shape,
the meaning of various negative emotions or aberrant
experiences into something less threatening.78 A technique
adapted from stroke rehabilitation that has proved to be
useful is called cognitive remediation.79,80 Evaluation of
these techniques has shown that training specific func-
tions, such as working memory, attention and perception,
can increase capacity in these essential domains. It remains
to be determined whether direct training is the most useful
or whether cognitive support is equally efficacious.81

While there is consistent support for the efficacy of psy-
chosocial treatments for schizophrenia patients, there re-
main a number of crucial questions about their
implementation. For example, when patients received so-
cial skills treatment and their families were also in therapy,
relapse rates were reduced more than by either therapy
alone.82 This finding addresses an issue for future research
to establish whether a comprehensive program of psycho-
social interventions is better than individual components.
Also unanswered is who are the most appropriate candi-
dates for which treatment modalities. In addition, sustain-
ingthepositive impactoftheseinterventionsisanimportant
question for a persistent illness. Can the psychosocial treat-
ments be modified over the longer period of treatment for
the illness to continue to provide benefit?

The 14th fact is that the length of time a person is ill
before treatment begins is related to the person’s out-
come. Originally suggested by an early intervention study
more than 2 decades ago,83 there is now a consensus that
the duration of untreated psychosis might be crucial to
success of the early stages of schizophrenia treatment.
Since that time many, but not all, studies of this issue
have shown a relationship of duration of untreated psy-
chosis with poor symptomatic recovery and functional
outcome with an overall moderate effect size.25 Addi-
tional first-episode research has demonstrated that the
length of the prodrome, or the time before full symptoms
emerge, may be related to poor outcome. One marked
example was a study of early-stage schizophrenic patients
randomized to treatment with and without medication
for 6 months.84 At the 3-year follow-up, the patients
who had received medication for the first 6 months of
treatment had nearly half as many hospital days in the
follow-up period. Can our understanding of duration
of untreated psychosis now be translated for clinical
use? One study in this area is illustrative of the issue
of feasibility and outcome. Melle et al85 compared
2 Norwegian towns for outcome of first episode of
schizophrenia—one town continued its current practice
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of caring for people who developed schizophrenia and the
other had an active program to alert the community to
the seriousness of psychosis. The town with the active
program was able to reduce the length of untreated psy-
chosis, showing that the people so identified were health-
ier than in the town that continued treatment as usual.
The results of this study bolster the theory of the impact
of duration of untreated psychosis on schizophrenia. An-
other avenue of research that is emerging that supports
the idea that early intervention can reduce a poor out-
come is the effort to intervene in the ultra high-risk pro-
dromal phase of the illness. It would therefore appear
that, as in many fields of medicine, early intervention
favors good outcomes.

It is our 15th fact that, in the current environment, the
rate of suicide is markedly higher for patients with schizo-
phrenia than is observed in the general population. It is in
fact in the range of other serious mental illnesses such as
depression, bipolar disorder, and borderline personality
disorder. Furthermore, these state and national suicides
remain unchanged despite efforts of education and pre-
vention. Research approaching this important fact has
utilized epidemiological methods, phenomenology, and
psychodynamic formulation. Follow-up studies have
noted that the early stage of schizophrenia—within the
first 5 years of the onset—is a period of high risk.86 Sev-
eral reports suggest that frequent symptoms, such as
command hallucinations, may lead some people with
schizophrenia to make suicide attempts. After psychotic
symptom remission, young patients may feel particularly
hopeless about their future. Whether this phenomenon is
secondary to the psychological reaction to having a seri-
ous illness or the physiology of ‘‘postpsychotic depres-
sion’’ will require further study. One thing that is clear
is that reducing rate of suicide in people with schizophre-
nia is an important treatment goal. A large study compar-
ing clozapine to olanzapine with regard to suicidal
thoughts and behavior recently led to FDA approval
for clozapine for this purpose.87 Early intervention would
also appear to play a role. The Norwegian town that re-
ceived a public awareness and early intervention program
to reduce the duration of untreated psychosis also ob-
served a reduced rate of suicide at the 2-year follow-
up.85 Both of these successes point to a general conclu-
sion that reducing the severity of psychotic symptoms
is likely to reduce suicide rates. Further work on phenom-
enological approaches coupled with prevention strategies
will be clinically useful.

Pathological Facts

The review process yielded 5 facts about the pathophys-
iology of schizophrenia, much of which has only emerged
in the past decade.

The 16th fact concerns the patterns within postmortem
brain tissues. While difficult to collect and conduct, this

work is central to understanding the pathophysiology of
schizophrenia because it provides the closest glimpse that
is possible of schizophrenia in the brain. This work has
generally focused on prefrontal cortex and hippocampus,
although other regions have also been explored. One con-
sistent finding in this literature concerns the large, pyra-
midal neurons in the third cortical layer of dorsolateral
prefrontal cortex that are often the targets of afferents
from other brain regions, including the thalamus. Schizo-
phrenia seems to affect these neurons by reducing their
dendritic spine density by as much as 23%.29 Abnormal-
ities have been reported in other regions, such as anterior
cingulated,88 although some like Brodmann’s Area 44 ap-
pear to be spared.89 One meta-analysis suggested large
effect sizes across a number of measures of neuropathol-
ogy.90 In addition, there are signs of abnormal develop-
mental trajectories in the carefully delineated layers of the
hippocampus. This structure is known to be vulnerable to
early neural insults, such as hypoxia.91 These effects are
somewhat less reliable, but the same meta-analysis sug-
gested small to large effect sizes in this region.90 While
this work utilizes advanced histologial techniques, there
are important limitations to the sources of the data. Be-
cause specimens are per force collected at the end of life
and only after extended exposure to illness-related factors
such as chronic medication, such studies are removed
from the pathogenesis of schizophrenia. While these con-
cerns can be addressed by examining whether specific fac-
tors such as medications affect neural tissue in the same
manner in animal preparations, it is not practical to ex-
amine all illness-related factors in this manner.

The 17th fact also derives from postmortem methods
and highlights recent findings concerning GABAergic
neurotransmitters. Glutamic acid decarboxylase (GAD)67
and GAD65 are 2 rate-limiting enzymes that convert
glutamate to GABA.30,92 GAD67 has been reliably
found to be reduced in patients with schizophrenia pri-
marily in prefrontal and temporal cortices, but also an-
terior cingulate and cerebellum. GAD65 may also be
reduced in a subset of these areas.93 This deficit in
GAD67 availability is partially reversed through anti-
psychotic treatment.30 The importance of this observa-
tion is that these proteins play a crucial role in the
oscillatory activity of pyramidal neurons that coordinate
cognitive functioning.92 A related finding concerns the
Reelin protein, which regulates neuromigration and is
expressed by GABA interneurons. Patients with schizo-
phrenia show a 30%–50% reduction in Reelin levels in
a number of cortical regions, and the extent of this de-
crease appears to be linked to the levels of reduced
GAD67 protein.30 To our knowledge, no meta-analyses
summarize the effect size for this abnormality. These find-
ings share some of the same interpretive concerns as the
dendritic spine density findings discussed above. There
is also concern that these reductions characterize psy-
chotic disorders more broadly rather than schizophrenia
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specifically. However, they also present a tempting treat-
ment target, and agents are currently under development
that promote GABAergic neurotransmission.92

The 18th fact concerns the gross neuroanatomical fea-
tures that distinguish the brains of patients with schizo-
phrenia. In an early paper by Weinberger et al94 reporting
on enlargement of lateral ventricles in schizophrenic
patients, the authors described no relationship between
the length of illness and the size of the ventricles. Other
early follow-up studies showed no difference in ventric-
ular size at follow-up, although the precision of rescan-
ning with computed tomography methodology was
drawn into question.95 Elkis et al96 meta-analytic study
of ventricular size subsequently demonstrated that this
was a consistent, albeit small, effect. First-episode studies
have also suggested ventricular enlargement at the outset
of the illness.31,32,97–99 In terms of total brain size,
Friedman et al100 have demonstrated through meta-
analysis that people with schizophrenia have smaller
brains, even at the first episode.32 It remains unclear
what is to be made of the large variance in these measures,
however. A close examination of scatterplots reveals
substantial overlap in many of the above-referenced stud-
ies. Thus, the meaning of the enlarged ventricles and
smaller brain size associated with the illness is not
known. Adding to what we do not know about brain
morphology at the outset is recent data describing
dynamic changes in structure from the first episode to
multiyear follow-ups.101,102

More fine-grained neuroanatomical structural differ-
ences between the brains of people with schizophrenia
and controls constitute the 19th fact. With the increased
precision of magnetic resonance imaging scanning as well
as more sophisticated and objective measures of specific
brain structures, it has become increasingly practical to
measure specific brain areas such as the hippocampus,
superior temporal and frontal cortices, and the thalamus.
Early reports of these areas indicated these areas to be
smaller in people with schizophrenia than in controls.
For the cortical areas, volumetric reductions were seen
in the middle, frontal, and paralimbic brain regions as
well as in the anterior cingulate and paracingulate
gyri.103 Cortical thinning in patients with schizophrenia
has been reported to be localized to frontal and temporal
areas.104 This suggests that the global measures of ven-
tricular size and brain size may not reflect equal degrees
of change across the entire cortex. Also, subcortical struc-
tures such as thalamus have been reported to be smaller
in people with schizophrenia than in controls (eg,107). An
early meta-analysis of the thalamic size in schizophrenia
found that that across the 15 studies assessed, there was
a small but consistent reduction in the thalamus of schi-
zophrenic patients compared with controls.34 Since the
initial reports regarding regional specificity of structural
reductions, there have been meta-analytic assessments
demonstrating that both the frontal and temporal lobe

are subtly smaller in schizophrenic patients.106 In this
latter meta-analytic study, functional assessment
was also included, indicating regional differences in
schizophrenic patients from controls. The effect sizes
associated with these structural differences are also small,
implying a great deal of overlap between ill and nonill
participants. Therefore, it remains quite unclear how
these structural differences contribute to brain function-
ing and the expression of symptoms or even if they do
at all.

The 20th fact attempts to encompass the breath of find-
ings from the past 2 decades that have found a number of
brain processes to be abnormal (either unusually high or
more commonly unusually low) in patients with schizo-
phrenia. While brain function has long been hypothesized
to be awry in schizophrenia,107 the seminal work of
Ingvar and Franzen108 was the first to implicate more
specific brain regions using biological measures, in this
case prefrontal cortex. Recent reviews of functional ab-
normalities continue to implicate prefrontal cortex and
more specifically dorsolateral prefrontal cortex as a re-
gion that shows reduced activity with adjoining regions
showing at times increased activity.109 Reviewers have
been thus far reluctant to summarize this abnormality
into a simple pattern of findings due to differences across
studies both because of the tasks used and the predictable
differences in performance on tasks that tap working
memory and executive functions that utilize this region37

(see fact #21). Scalp recordings have also been used to
measure functional abnormalities. One of the most suc-
cessful paradigms to date has come from the mismatch
negativity waveform which occurs, eg, following an ab-
errant tone within a string of monotones. This signal,
thought to have a source within the superior temporal
lobe’s primary and secondary auditory cortices, shows
a large effect size across more than 32 studies.35 The
P300 signal is similarly reduced in patients across 46 stud-
ies that used oddball paradigms, in which an unexpected
stimulus occurs within a series of similar stimuli.36 The
P300, which is a positive deflection that occurs approx-
imately 300 ms following the oddball stimulus, is dif-
fusely generated and is generally found to be largest at
medial central and parietal sites. Other electrophysiolog-
ical abnormalities that have received considerable atten-
tion in the schizophrenia literature include the P50 (an
early response to observing a stimulus), prepulse inhibi-
tion or PPI (a change in responsivity to the second stim-
ulus in a pair), and reductions in gamma rhythm
synchrony (30–80 Hz electrical activity). Thus, functions
subserved by a number of brain regions and a number of
neurotransmitter systems are affected by the illness. Al-
though some exceptions have been reported, the pattern
of functional neuroanatomical impairments is wide
spread and nonspecific. Furthermore, it remains largely
unknown which regions are most closely linked to vari-
ation in symptom expression (fact #1).
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Behavioral Facts

The process yielded 2 facts about the behavioral impair-
ments associated with schizophrenia. First, since the time
of Bleuler,110 impairments in cognitive functions such as
attention have been noted in schizophrenia. Loren and
Jean Chapman observed that patients were impaired
across a broad swathe of cognitive domains and coined
the term ‘‘generalized deficit’’ to succinctly capture this
observation.111 More recently, the independent work
of Heinrichs and Dickinson and their colleagues28,39,40

have quantified the behavioral deficits in schizophrenia
patients. The 21st fact on our list highlights this observa-
tion. These meta-analyses suggest that patients perform
about 1 SD worse than controls on clinical neuropsycho-
logical tasks. Some tasks show an even greater deficit (up
to d = 1.57 for coding tasks, which require a combination
of speed, working memory, and executive functions40).
Unfortunately, the generality of this impairment might
limit its usefulness for understanding schizophrenia.
That is, if all cognitive functions are impaired, no brain
system or neurotransmitter system in particular is impli-
cated by these data. Research in this domain may yet find
an implicit task demand shared by all such tests that
accounts for this common deficit. For example, an im-
portant perceptual (eg, gestalt perception), executive con-
trol (eg, rule maintenance), or motor function (eg,
response threshold) might lead to deficits across many
seemingly unrelated tasks. It remains likely, however,
that the strong effects associated with cognitive im-
pairments in schizophrenia represent a convergence of
many, more subtle, brain deficits.90

Irrespective of their specificity or source, cognitive
impairments appear to have important implications for
patients’ everyday lives. This is the 22nd and last fact
on our list. Green et al41 reviewed 18 studies that used
neuropsychological test indices to predict a range of var-
iables, ranging from the total number of hours worked to
quality of life, 6 months to 2 years later. These studies are
generally consistent in demonstrating medium (d > 0.50)
to large (d > 0.80) effect sizes for these associations.
These data are insufficient to confirm a causal relation-
ship. Another explanation of the strength of this relation-
ship is that both cognitive performance and functional
outcomes reflect an underlying continuum of severity.
However, there is a small but growing body of evidence
that targeting patients’ cognitive impairments leads to
improvements in functional outcomes, such as the num-
ber of hours worked,112 which is more consistent with a
causal relationship. Of course this observation also has
a number of important treatment implications. The chal-
lenge remains, however, as to how best to match patients
to appropriate psychosocial interventions to maximize
their potential gains. This is particularly difficult work
and requires sample sizes substantially larger than those
generally used in such treatment outcome studies.

Conclusion and Preface

The consensus facts reviewed above are by the time of this
publication a part of a larger series of efforts to system-
atize and sort through what we know about schizophre-
nia. As noted in the introduction, our particular approach
to these facts was informed by a desire to see them drawn
together into a coherent theory of schizophrenia. In this
regard, the Minnesota Consensus Group did not believe
that it was either necessary or desirable for the theoret-
icians to account for every finding in schizophrenia.
Among the basic facts, fact #3 (sex differences), fact
#4 (age of onset), fact #5 (heritability), and fact #6
(antipsychotic action) were felt to be the most likely to
sharpen the differences between theoretical accounts.
Among the etiological facts, only fact #9 (environmental
risk factors) was incorporated for the sake of this exer-
cise. Three of the pharmacological and treatment facts
were highlighted, including fact #10 (medication re-
sponse lag), fact #11 (psychomimetic effects of dopamine
agonists), and fact #12 (psychomimetic effects of gluta-
mate agonists). And among the pathological facts, fact
#16 (reduced dendritic spine density) and #17 (reduced
G67 levels) required an account. Interestingly, it was
not felt that either of the 2 behavioral facts was likely
to distinguish between theories.

To what extent would a different group or a different
process have distilled a different set of facts from the
schizophrenia literature? A serendipitous point of refer-
ence in this regard is the recent work of Tandon et al.113

Rather than group consensus informed by expert consul-
tation, these reviewers performed a systematic review of
6000 abstracts and over 2000 articles. In many respects,
their final list bears a striking similarity to ours. This is
likely in large part because both adopted a similar struc-
ture (in their case clinical features, epidemiology, neuro-
biology, and treatment) and both took advantage of the
recent proliferation meta-analyses. There are still a num-
ber of noteworthy differences that the authors of that
work and this project are reconciling.114 For example,
that work highlights as a fact a 2-fold increase in age-
standardized mortality beyond the increased risk for sui-
cide. This is a well-supported finding that had so far not
come to our attention.

The current set of facts is the product of a number of
additional constraints. We have endeavored to make
statements that are consistent with the current state of
our knowledge, integrate a very large literature into
a manageable number of facts, preserve accessibility to
a broad audience by avoiding jargon where possible,
and be sensitive to the different perspectives of caregivers,
patients, and patients’ family members. As the list con-
tinues to be refined in the future, it will be useful
to keep in mind the importance of falsifiability by tight-
ening the statements and strengthening the parameter
estimates.

504

A. W. MacDonald & S. C. Schulz



In this special section, there are 3 accounts by leading
theoreticians about how these key facts should be under-
stood from each of their perspectives. First, Drs Stephan,
Friston, and Frith (in press) describe how an NMDA-
induced failure of synaptic connectivity can give rise to
these various phenomena. Next, Drs Howes and Kapur
(in press) outline a revised dopamine hypothesis, incor-
porating recent work on dopamine’s role in ascribing mo-
tivational importance, or ‘‘salience.’’ Finally, Drs Fatemi
and Folsom (in press) draw attention to neurodevelop-
mental models of schizophrenia. Such models are in-
formed by changes in the nervous system through
embryogenesis and childhood and are conscientious of
the kinds of insults that can derail normative develop-
mental trajectories. These 3 papers go far beyond ac-
counting for our 10 test facts, however. For interested
readers, they open up the depth of the literature that sup-
ports their perspective. The authors also had challenges
to address a sticky question: what evidence would cause
them to abandon their hypothesis.

The last paper of this special section is contributed by
Tyrone Cannon of the University of California at Los
Angeles. Dr Cannon’s crucial contribution to this project
is to reflect on our state of theorizing and to highlight the
challenges of theorizing in a field bedeviled by quasi-
experimental data (Cannon, in press). In reflecting
upon the theories that can be built around the current
set of facts, he notes they are not incompatible. As a re-
sult, an important next step is to further draw out the
implications of each position to more fully delineate
the domains in which they make conflicting predictions.
This endpaper is particularly suitable for the current pro-
ject, which began with the goal of comparing theories on
a level playing field of facts. Cannon’s conclusions move
the challenge back to theories, by asking that they specify
more rigorously the ways in which they differ in their
implications and predictions. Of course this is not merely
the role of their proponents, but it is a challenge for all of
us in the field to strengthen and systematize our thinking
about these issues.

Funding

National Institutes of Health (MH079262 and MH084861)
to A.W.M.

Acknowledgments

We gratefully acknowledge the expertise and efforts of the
Minnesota Consensus Group, whose members include
(in alphabetical order) S. Hossein Fatemi, Irving I.
Gottesman, William Iacono, Daniel Hanson, Kelvin O.
Lim, Peter Milev, Steven Olson, Scott Sponheim, John
Vuchetich, and Tonya White. We are also grateful to
the efforts and invaluable suggestions of Hakon Hemier
at the Schizophrenia Research Forum and Audra Moran

at NARSAD, the World’s Leading Charity Dedicated to
Mental Health Research. We are also indebted to all the
scientists who took the time to review the preliminary list
of facts at the Schizophrenia Research Forum and
provided important feedback for the Consensus Group
to integrate. While these contributors are too numerous
to list individually, our gratitude toward them is in no
way diminished. Thanks also to Megan Rozman of the
TRiCAM laboratory.

References

1. Peralta V, Cuesta MJ. How many and which are the psycho-
pathological dimensions of schizophrenia? Issues influencing
their ascertainment. Schizophr Res. 2001;49:269–285.

2. Saha S, Chant D, Welham J, McGrath J. A systematic re-
view of the prevalence of schizophrenia. PLoS Med.
2005;2:413–433.

3. Aleman A, Kahn RS, Selten JP. Sex differences in the risk of
schizophrenia: evidence from meta-analysis. Arch Gen Psy-
chiatry. 2003;60:565–571.

4. Leung A, Chue P. Sex differences in schizophrenia, a review
of the literature. Acta Psychiatr Scand Suppl. 2000;401:3–38.

5. Howard R, Rabins PV, Seeman MV, Jeste DV. Late-onset
schizophrenia and very-late-onset schizophrenia-like psy-
chosis: an international consensus. The International Late-
Onset Schizophrenia Group. Am J Psychiatry. 2000;157(2):
172–178.

6. Sullivan PF, Kendler KS, Neale MC. Schizophrenia as
a complex trait: evidence from a meta-analysis of twin stud-
ies. Arch Gen Psychiatry. 2003;60:1187–1192.

7. Gottesman II, Gould TD. The endophenotype concept in
psychiatry: etymology and strategic intentions. Am J Psychi-
atry. 2003;160:636–645.

8. Kapur S, Remington G. Dopamine D(2) receptors and their
role in atypical antipsychotic action: still necessary and may
even be sufficient. Biol Psychiatry. 2001;50:873–883.

9. Lieberman JA, Stroup TS, McEvoy JP, et al. Effectiveness
of antipsychotic drugs in patients with chronic schizophre-
nia. N Engl J Med. 2005;353:1209–1223.

10. Owen MJ, Craddock N, O’Donovan MC. Schizophrenia:
genes at last? Trends Genet. 2005;21:518–525.

11. Snitz BE, Macdonald AW, III, Carter CS. Cognitive deficits
in unaffected first-degree relatives of schizophrenia patients:
a meta-analytic review of putative endophenotypes. Schiz-
ophr Bull. 2006;32(1):179–194.

12. Boos HB, Aleman A, Cahn W, Pol HH, Kahn RS. Brain
volumes in relatives of patients with schizophrenia: a
meta-analysis. Arch Gen Psychiatry. 2007;64:297–304.

13. McGrath J, Saha S, Welham J, El Saadi O, MacCauley C,
Chant D. A systematic review of the incidence of schizophre-
nia: the distribution of rates and the influence of sex, urban-
icity, migrant status and methodology. BMC Med. 2004;2:13.

14. Zammit S, Allebeck P, Dalman C, et al. Paternal age and
risk for schizophrenia. Br J Psychiatry. 2003;183:405–408.

15. Torrey EF, Bartko JJ, Lun Z, Yolken RH. Antibodies to
Toxoplasma gondii in patients with schizophrenia: a meta-
analysis. Schizophr Bull. 2007;33:729–736.

16. Henquet C, Murray R, Linszen D, van Os J. The environ-
ment and schizophrenia: the role of cannabis use. Schizophr
Bull. 2005;31:608–612.

505

What We Know



17. Krabbendam L, van Os J. Schiziophrenia and urbanicity:
a major environmental influence—conditional on genetic
risk. Schizophr Bull. 2005;31:795–799.

18. Davies G, Welham J, Chant D, Torrey EF, McGrath J. A
systematic review and meta-analysis of northern hemisphere
season of birth studies in schizophrenia. Schizophr Bull.
2003;29:587–593.

19. Agid O, Kapur S, Arenovich T, Zipursky RB. Delayed-onset
hypothesis of antipsychotic action: a hypothesis tested and
rejected. Arch Gen Psychiatry. 2003;60(12):1228–1235.

20. Emsley R, Rabinowitz J, Medori R. Time course for anti-
psychotic treatment response in first-episode schizophrenia.
Am J Psychiatry. 2006;163:743–745.

21. Lieberman JA, Kinon BJ, Loebel AD. Dopaminergic mech-
anisms in idiopathic and drug-induced psychoses. Schizophr
Bull. 1990;16(1):97–110.

22. Segal DS, Kuczenski R. An escalating dose ‘‘binge’’ model
of amphetamine psychosis: behavioral and neurochemical
characteristics. J Neurosci. 1997;17:2551–2566.

23. Javitt DC, Zukin SR. Recent advances in the phencyclidine
model of schizophrenia. Am J Psychiatry. 1991;148:1301–1308.

24. Pfammatter M, Junghan UM, Brenner HD. Efficacy of psy-
chological therapy in schizophrenia: conclusions from meta-
analyses. Schizophr Bull. 2006;32(suppl 1):S64–S80.

25. Perkins DO, Gu H, Boteva K, Lieberman JA. Relationship
between duration of untreated psychosis and outcome in
first-episode schizophrenia: a critical review and meta-
analysis. Am J Psychiatry. 2005;162:1785–1804.

26. Palmer BA, Pankratz VS, Bostwick JM. The lifetime risk of
suicide in schizophrenia: a reexamination. Arch Gen Psychi-
atry. 2005;62:247–253.

27. Heinrichs RW. In Search of Madness: Schizophrenia and
Neuroscience. Oxford: Oxford University Press; 2001.

28. Heinrichs RW. The primacy of cognition in schizophrenia.
Am Psychol. 2005;60:229–242.

29. Lewis DA, Glantz LA, Pierri JN, Sweet RA. Altered cortical
glutamate neurotransmission in schizophrenia: evidence from
morphological studies of pyramidal neurons. Ann N Y Acad
Sci. 2003;1003:102–112.

30. Akbarian S, Huang HS. Molecular and cellular mechanisms
of altered GAD1/GAD67 expression in schizophrenia and
related disorders. Brain Res Rev. 2006;52:293–304.

31. Vita A, De Peri L, Silenzi C, Dieci M. Brain morphology in
first-episode schizophrenia: a meta-analysis of quantitative
magnetic resonance imaging studies. Schizophr Res. 2006;
82(1):75–88.

32. Steen RG, Mull C, McClure R, Hamer RM, Lieberman JA.
Brain volume in first-episode schizophrenia: systematic re-
view and meta-analysis of magnetic resonance imaging stud-
ies. Br J Psychiatry. 2006;188:510–518.

33. Davidson LL, Heinrichs RW. Quantification of frontal and
temporal lobe brain-imaging findings in schizophrenia:
a meta-analysis. Psychiatry Res. 2003;122(2):69–87.

34. Konick LC, Friedman L. Meta-analysis of thalamic size in
schizophrenia. Biol Psychiatry. 2001;49(1):28–38.

35. Umbricht D, Krljes S. Mismatch negativity in schizophre-
nia: a meta-analysis. Schizophr Res. 2005;76(1):1–23.

36. Bramon E, Rabe-Hesketh S, Sham P, Murray RM, Frangou
S. Meta-analysis of the P300 and P50 waveforms in schizo-
phrenia. Schizophr Res. 2004;70:315–329.

37. Van Snellenberg JX, Torres IJ, Thornton AE. Functional
neuroimaging of working memory in schizophrenia: task

performance as a moderating variable. Neuropsychology.
2006;20:497–510.

38. Glahn DC, Ragland JD, Abramoff A, et al. Beyond hypo-
frontality: a quantitative meta-analysis of functional neuro-
imaging studies of working memory in schizophrenia. Hum
Brain Mapp. 2005;25(1):60–69.

39. Heinrichs RW, Zakzanis KK. Neurocognitive deficit in
schizophrenia: a quantitative review of the evidence. Neuro-
psychology. 1998;12(3):426–445.

40. Dickinson D, Ramsey ME, Gold JM. Overlooking the obvi-
ous: a meta-analytic comparison of digit symbol coding
tasks and other cognitive measures in schizophrenia. Arch
Gen Psychiatry. 2007;64:532–542.

41. Green MF, Kern RS, Heaton RK. Longitudinal studies of
cognition and functional outcome in schizophrenia: implica-
tions for MATRICS. Schizophr Res. 2004;72(1):41–51.

42. Carpenter WT, Jr, Heinrichs DW, Wagman AM. Deficit
and nondeficit forms of schizophrenia: the concept. Am J
Psychiatry. 1988;145:578–583.

43. Gottesman II, Shields J. Schizophrenia: The Epigenetic Puz-
zle. New York: Cambridge University Press; 1982.

44. Crow TJ. Molecular pathology of schizophrenia: More than
one dimension of pathology? Br Med J. 1980;280:66–68.

45. Cohen E, Chow EWC, Weksberg R, Bassett AS. Phenotype
of adults with the 22q11 deletion syndrome: a review. Am J
Med Genet. 1999;86:359–365.

46. Andreasen NC, Nopoulos P, Schultz S, et al. Positive and
negative symptoms of schizophrenia: past, present, and fu-
ture. Acta Psychiatr Scand Suppl. 1994;384:51–59.

47. Owen MJ, Craddock N, Jablensky A. The genetic decon-
struction of psychosis. Schizophr Bull. 2007;33:905–911.

48. Caspi A, Moffitt TE, Cannon M, et al. Moderation of the
effect of adolescent-onset cannabis use on adult psychosis
by a functional polymorphism in the COMT gene: longitudi-
nal evidence of a gene X environment interaction. Biol Psy-
chiatry. 2005;15:1117–1127.

49. Egan MF, Goldberg TE, Kolachana BS, et al. Effect of
COMT Val108/158 Met genotype on frontal lobe function
and risk for schizophrenia. Proc Natl Acad Sci U S A. 2001;
98:6917–6922.

50. Jablensky A, Sartorius N, Ernberg G, et al. Schizophrenia:
manifestations, incidence and course in different cultures.
A World Health Organization ten-country study. Psychol
Med Monogr Suppl. 1992;20:1–97.

51. Hafner H, Maurer K, Loffler W, An Der Heiden W,
Munk-Jorgensen P, Hambrecht M. The ABC schizophrenia
study: a preliminary overview of the results. Soc Psychiatry
Psychiatr Epidemiol. 1998;33:380–386.

52. Loranger AW. Sex differences in age at onset of schizophre-
nia. Arch Gen Psychiatry. 1984;41:157–161.

53. Cannon TD, Kaprio J, Lonnqvist J, Huttunen M, Koskenvuo M.
The genetic epidemiology of schizophrenia in a Finnish
twin cohort: a population based model and study. Arch
Gen Psychiatry. 1998;55:67–64.

54. Lichtenstein P, BHY, Bjork C, et al. Common genetic deter-
minants of schizophrenia and bipolar disorder in Swedish
families: a population-based study. Lancet. 2009;373:234–239.

55. Carlsson A, Lindqvist M. Effect of chlorpromazine or halo-
peridol on formation of 3methoxytyramine and normetanephr-
ine in mouse brain. Acta Pharmacol Toxicol. 1963;20:140–144.

56. Creese I, Burt DR, Snyder SH. Dopamine receptor binding
predicts clinical and pharmacological potencies of antischiz-
ophrenic drugs. Science. 1976;192:481–483.

506

A. W. MacDonald & S. C. Schulz



57. Kane J, Honigfeld G, Singer J, Meltzer HY. Clozapine for
the treatment-resistant schizophrenic. A double-blind com-
parison with chlorpromazine. Arch Gen Psychiatry. 1988;45:
789–796.

58. Patil ST, Zhang L, Martenyi F, et al. Activation of mGlu2/3
receptors as a new approach to treat schizophrenia: a ran-
domized phase 2 clinical trial. Nat Med. 2007;13:1102–1107.

59. Lewis CM, Levinson DI, Wise LH, et al. Genome scan
meta-analysis of schizophrenia and bipolar disorder, part
II: schizophrenia. Am J Hum Genet. 2003;73(1):34.

60. Badner JA, Gershon ES. Meta-analysis of whole-genome
linkage scans of bipolar disorder and schizophrenia. Mol
Psychiatry. 2002;7(4):405.

61. Allen NC, Bagade S, McQueen MB, et al. Systematic meta-
analyses and field synopsis of genetic association studies in
schizophrenia: the SzGene database. Nat Genet. 2008;40:
827–834.

62. Walsh T, McClellan JM, McCarthy SE, et al. Rare struc-
tural variants disrupt multiple genes in neurodevelopmental
pathways in schizophrenia. Science. 2008;320:539–543.

63. Consortium IS. Rare chromosomal deletions and duplica-
tions increase risk of schizophrenia. Nature. 2008;455:237–241.

64. Smitha R, Sutrala SR, Norton N, Williams NM, Buckland
PR. Gene copy number variation in schizophrenia. Am J
Med Genet B Neuropsychiatr Genet. 2008;147B:606–611.

65. Snitz BE, MacDonald AW, III, Carter CS. Cognitive deficits
in unaffected first-degree relatives of schizophrenia patients:
a meta-analytic review of putative endophenotypes. Schiz-
ophr Bull. 2006;32(1):179–194.

66. MacDonald AW, III, Thermenos HW, Barch DM, Seidman
LJ. Imaging genetic liability to schizophrenia: systematic re-
view of fMRI studies of patients’ nonpsychotic relatives.
Schizophr Bull. 2008. doi:10.1093/schbul/sbp053.

67. Boos HB, Aleman A, Cahn W, Pol HH, Kahn RS. Brain
volumes in relatives of patients with schizophrenia:
a meta-analysis. Arch Gen Psychiatry. 2007;64:297–304.

68. Pogue-Geile MF, Gottesman II. Schizophrenia: study of
a genetically complex phenotype. In: Jones BC, Mormede
P, eds. Neurobehavioral Genetics: Methods and Applications.
Boca Raton, FL: CRC Press; 1999:247–264.

69. Kinon BJ, Chen L, Ascher-Svanum H, et al. Predicting response
to atypical antipsychotics based on early response in the treat-
ment of schizophrenia. Schizophr Res. 2008;102:230–240.

70. Angrist B, Gershon S. Clinical response to several dopamine
agonists in schizophrenic and nonschizophrenic subjects.
Adv Biochem Psychopharmacol. 1977;16:677–680.

71. Laruelle M, Abi-Dargham A, Gil R, Kegeles LS, Innis RB.
Increased dopamince transmission in schizophrenia: rela-
tionship to illness phases. Biol Psychiatry. 1999;46(1):56–72.

72. Breier A, Su TP, Saunders R, et al. Schizophrenia is associ-
ated with elevated amphetamine-induced synaptic dopamine
concentrations: evidence from a novel positron emission tomog-
raphy method. Proc Natl Acad Sci U S A. 1997;94:2569–2574.

73. Laruelle M, Abi-Dargham A, van Dyck CH, et al. Single
photon emission computerized tomography imaging of
amphetamine-induced dopamine release in drug-free schizo-
phrenic subjects.ProcNatl Acad Sci U SA. 1996;93:9235–9240.

74. Schulz SC, Cornelius J, Schulz PM, Soloff PH. The amphet-
amine challenge test in patients with borderline disorder. Am
J Psychiatry. 1988;145:809–814.

75. Javitt DC, Zukin SR. Recent advances in the phencyclidine
model of schizophrenia. Am J Psychiatry. 1991;148:
1301–1308.

76. Lahti AC, Holcomb HH, Medoff DR, Tamminga CA. Ket-
amine activates psychosis and alters limbic blood flow in
schizophrenia. Neuroreport. 1995;6:869–872.

77. Berk M, Copolov D, Dean O, et al. N-acetyl cysteine as a
glutathione precursor for schizophrenia—a double-blind,
randomized, placebo-controlled trial. Biol Psychiatry. 2008;64:
361–368.

78. Wykes T, Steel C, Everitt B, Tarrier N. Cognitive behavior
therapy for schizophrenia: effect sizes, clinical models, and
methodological rigor. Schizophr Bull. 2008;34:523–537.

79. Bellack AS. Cognitive rehabiliation for schizophrenia: is it
possible? Is it necessary? Schizophr Bull. 1992;18:43–50.

80. Medalia A, Aluma M, Tyron W, Merriam AE. Effectiveness
of attention training in schizophrenia. Schizophr Bull.
1998;24(1):147–152.

81. Velligan DI, Prihoda TJ, Ritch JL, Maples N, Bow-Thomas
CC, Dassori A. A randomized single-blind pilot study of
compensatory strategies in schizophrenia outpatients. Schiz-
ophr Bull. 2002;28:283–292.

82. Hogarty GE, Anderson CM, Reiss DJ, et al. Family psycho-
education, social skills training, and maintenance chemo-
therapy in the aftercare treatment of schizophrenia. I.
One-year effects of a controlled study on relapse and
expressed emotion. Arch Gen Psychiatry. 1986;43:633–642.

83. Crow TJ, MacMillan JF, Johnson AL, Johnstone EC. A
randomised controlled trial of prophylactic neuroleptic
treatment. Br J Psychiatry. 1986;148:120–127.

84. May PR, Tuma AH, Yale C, Potepan P, Dixon WJ.
Schizophrenia—a follow-up study of results of treatment.
Arch Gen Psychiatry. 1976;33:481–486.

85. Melle I, Larsen TK, Haahr U, et al. Prevention of negative
symptom psychopathologies in first-episode schizophrenia:
two-year effects of reducing the duration of untreated psy-
chosis. Arch Gen Psychiatry. 2008;65:634–640.

86. Westermeyer JF, Harrow M, Marengo JT. Risk for suicide
in schizophrenia and other psychotic and nonpsychotic dis-
orders. J Nerv Ment Dis. 1991;179:259–266.

87. Meltzer HY, Alphs L, Green AI, et al. Clozapine treatment
for suicidality in schizophrenia: International Suicide Pre-
vention Trial (InterSePT). Arch Gen Psychiatry. 2003;60(1):
82–91.

88. Todtenkopf MS, Vincent SL, Benes FM. A cross-study
meta-analysis and three-dimensional comparison of cell
counting in the anterior cingulate cortex of schizophrenic
and bipolar brain. Schizophr Res. 2005;73:79–89.

89. Selemon L, Mrzljak J, Kleinman J, Herman M, Goldman-
Rakic P. Regional specificity in the neuropathologic sub-
strates of schizophrenia: a morphometric analysis of Broca’s
Area 44 and Area 9. Arch Gen Psychiatry. 2003;60:69–77.

90. Heinrichs RW. The primacy of cognition in schizophrenia.
Am Psychol. 2005;60:229–242.

91. de Haan M, Wyatt JS, Roth S, Vargha-Khadem F, Gadian
D, Mishkin M. Brain and cognitive-behavioural develop-
ment after asphyxia at term birth. Dev Sci. 2006;9:350–358.

92. Lewis DA, Hashimoto T, Volk DW. Cortical inhibitory neu-
rons and schizophrenia. Nat Rev Neurosci. 2005;6:312–324.

93. Benes FM, Lim B, Matzilevich D, Walsh JP, Subburaju S,
Minns M. Regulation of the GABA cell phenotype in hippo-
campus of schizophrenics and bipolars. Proc Natl Acad Sci.
2007;104:10164–10169.

94. Weinberger DR, Torrey EF, Neophytides AN, Wyatt RJ.
Lateral cerebral ventricular enlargement in chronic schizo-
phrenia. Arch Gen Psychiatry. 1979;36:735–739.

507

What We Know



95. Nasrallah HA, Olson SC, McCalley-Whitters M, Chapman
S, Jacoby CG. Cerebral ventricular enlargement in schizo-
phrenia. A preliminary follow-up study. Arch Gen Psychia-
try. 1986;43(2):157–159.

96. Elkis H, Friedman L, Wise A, Meltzer HY. Meta-analyses
of studies of ventricular enlargement and cortical sulcal prom-
inence in mood disorders. Comparisons with controls or
patients with schizophrenia. Arch Gen Psychiatry. 1995;52:
735–746.

97. Degreef G, Ashtari M, Bogerts B, et al. Volumes of ventric-
ular system subdivisions measured from magnetic resonance
images in first-episode schizophrenic patients. Arch Gen Psy-
chiatry. 1992;49:531–537.

98. DeLisi LE, Tew W, Xie S, et al. A prospective follow-up
study of brain morphology and cognition in first-episode
schizophrenic patients: preliminary findings. Biol Psychiatry.
1995;38:349–360.

99. Rapoport JL, Giedd J, Kumra S, et al. Childhood-onset
schizophrenia. Progressive ventricular change during adoles-
cence. Arch Gen Psychiatry. 1997;54:897–903.

100. Ward KE, Friedman L, Wise A, Schulz SC. Meta-analysis of
brain and cranial size in schizophrenia. Schizophr Res. 1996;
22(3):197–213.

101. Ho BC, Andreasen NC, Nopoulos P, Arndt S, Magnotta V,
Flaum M. Progressive structural brain abnormalities and
their relationship to clinical outcome: a longitudinal mag-
netic resonance imaging study early in schizophrenia. Arch
Gen Psychiatry. 2003;60:585–594.

102. Cahn W, Hulshoff Pol HE, Lems EB, et al. Brain volume
changes in first-episode schizophrenia: a 1-year follow-up
study. Arch Gen Psychiatry. Nov 2002;59(11):1002–1010.

103. Goldstein JM, Goodman JM, Seidman LJ, et al. Cortical
abnormalities in schizophrenia identified by structural mag-
netic resonance imaging. Arch Gen Psychiatry. 1999;56:
537–547.

104. Kuperberg GR, Broome MR, McGuire PK, et al. Region-
ally localized thinning of the cerebral cortex in schizophre-
nia. Arch Gen Psychiatry. 2003;60:878–888.

105. Andreasen NC, Arndt S, Swayze VN, et al. Thalamic abnor-
malities in schizophrenia visualized through magnetic reso-
nance image averaging. Science. 1994;266:294–298.

106. Davidson LL, Heinrichs RW. Quantification of frontal and
temporal lobe brain-imaging findings in schizophrenia: a
meta-analysis. Psychiatry Res. 2003;122:69–87.

107. Kraepelin E. Clinical Psychiatry: A Textbook for Students
and Physicians. 7th ed. London: MacMillan Company; 1907.

108. Ingvar DH, Franzen G. Distribution of cerebral activity in
chronic schizophrenia. Lancet. 1974;1484–1486.

109. Glahn DC, Ragland JD, Adramoff A, et al. Beyond hypo-
frontality: a quantitative meta-analysis of functional neuro-
imaging studies of working memory in schizophrenia. Hum
Brain Mapp. 2005;25:60–69.

110. Bleuler E. Dementia Praecox or the Group of Schizophrenias.
New York: International Universities Press (Original work
published 1911); 1950.

111. Chapman LJ, Chapman JP. Disordered Thought in Schizo-
phrenia. Englewood Cliffs, NJ: Prentice-Hall, Inc.; 1973.

112. Wexler BE, Bell MD. Cognitive remediation and vocational re-
habilitation for schizoiphrenia.SchizophrBull. 2005;31:931–941.

113. Tandon R, Keshavan MS, Nasrallah HA. Schizophrenia,
‘‘Just the Facts’’: what we know in 2008 Part 1: overview.
Schizophr Res. 2008;100(4):4–19.

114. MacDonald AW, III, Tandon R, Nasrallah HA, Schulz SC,
Kapur S. Body of Knowledge: The Purposes, Approaches and
Outcome of Appraising What We Know About Schizophrenia.
San Diego, CA: International Congress of Schizophrenia
Research; 2009.

115. St Clair D, Xu M, Wang P, et al. Rates of adult schizophre-
nia following prenatal exposure to the Chinese famine of
1959–1961. JAMA. 2005;294(5):557–562.

508

A. W. MacDonald & S. C. Schulz


