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The Ernst Strüngmann Forum
Founded on the tenets of scientifi c independence and the inquisitive nature of 
the human mind, the Ernst Strüngmann Forum is dedicated to the continual 
expansion of knowledge. Through its innovative communication process, the 
Ernst Strüngmann Forum provides a creative environment within which ex-
perts scrutinize high-priority issues from multiple vantage points.

This process fi rst begins with the identifi cation of themes. By nature, a 
theme constitutes a problem area that transcends classic disciplinary bound-
aries. It is of high-priority interest, requiring concentrated, multidisciplinary 
input to address the issues involved. Proposals are received from leading scien-
tists active in their fi eld and are selected by an independent Scientifi c Advisory 
Board. Once approved, a steering committee is convened to refi ne the scientifi c 
parameters of the proposal and select the participants. Approximately one year 
later, the central meeting, or Forum, is held to which circa forty experts are 
invited.

Preliminary discussion for this theme began in 2010, when Steven Silverstein 
brought the initial idea to our attention. Together with Bita Moghaddam and Til 
Wykes, the resulting proposal was approved by the Scientifi c Advisory Board 
and from June 27–29, 2011 the steering committee was convened. The commit-
tee, comprised of Anil Malhotra, John McGrath, Andreas Meyer-Lindenberg, 
Bita Moghaddam, Steven Silverstein, and Til Wykes, identifi ed the key issues 
for debate and selected the participants for the Forum, which took place in 
Frankfurt am Main, from July 22–27, 2012.

A Forum is a dynamic think tank. The activities and discourse that accom-
pany it begin well before participants arrive in Frankfurt and conclude with 
the publication of this volume. Throughout each stage, focused dialog is the 
means by which participants examine the issues anew. Often, this requires re-
linquishing long-established ideas and overcoming disciplinary idiosyncrasies, 
which otherwise could inhibit joint examination. When this is accomplished, 
however, new insights begin to emerge.

This volume conveys the synergy that arose out of myriad discussions be-
tween diverse experts, each of whom assumed an active role. It contains two 
types of contributions. The fi rst provides background information to key as-
pects of the overall theme. Originally written in advance of the Forum, these 
chapters have been extensively reviewed and revised to provide current under-
standing on these topics. The second (Chapters 5, 9, 13, and 17) summarizes 
the extensive group discussions that transpired. These chapters should not be 
viewed as consensus documents nor are they proceedings. Instead, their goal is 
to transfer the essence of the discussions, expose the open questions that still 
remain, and highlight areas in need of future enquiry.
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viii The Ernst Strüngmann Forum 

An endeavor of this kind creates its own unique group dynamics and puts 
demands on everyone who participates. Each invitee contributed not only their 
time and congenial personality, but a willingness to probe beyond that which is 
evident. For this, I extend my gratitude to all. 

A special word of thanks goes to the steering committee, the authors of 
the background papers, the reviewers of the papers, and the moderators of the 
individual working groups: Robert Buchanan, Michael O’Donovan, Patricio 
O’Donnell, and Richard Keefe. To draft a report during the week of the Forum 
and bring it to its fi nal form in the months thereafter is never a simple mat-
ter. For their efforts and tenacity, I am especially grateful to Aiden Corvin, 
Craig Morgan, Kevin Mitchell, and Vera Morgan—the rapporteurs of the dis-
cussion groups. Most importantly, I extend my sincere appreciation to Steven 
Silverstein, Bita Moghaddam, and Til Wykes. As chairpersons of this 13th 
Strüngmann Forum, their commitment ensured a most vibrant intellectual 
gathering.

A communication process of this nature relies on institutional stability and 
an environment that encourages free thought. The generous support of the 
Ernst Strüngmann Foundation, established by Dr. Andreas and Dr. Thomas 
Strüngmann in honor of their father, enables the Ernst Strüngmann Forum to 
conduct its work in the service of science. The Science Advisory Board guides 
this work and ensures the scientifi c independence of the Ernst Strüngmann 
Forum. Supplemental fi nancial support for this theme was received from the 
German Science Foundation, and the Frankfurt Institute of Advance Studies 
provided the backdrop for this intellectual exercise. 

Long-held views are never easy to put aside. Yet, when this is achieved, 
when the edges of the unknown begin to appear and gaps in knowledge are 
able to be defi ned, the act of formulating strategies to fi ll such gaps becomes 
a most invigorating exercise. We hope that this volume will convey a sense of 
this lively endeavor. Most importantly, we hope that this joint examination of 
schizophrenia will lead to a novel conceptualization of the disorder and accel-
erate advances in treatment development and prevention efforts.

Julia Lupp, Program Director 
Ernst Strüngmann Forum
Frankfurt Institute for Advanced Studies (FIAS)
Ruth-Moufang-Str. 1, 60438 Frankfurt am Main, Germany
http://esforum.de
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1

Schizophrenia
The Nature of the Problems 

and the Need for Evolution and 
Synthesis in Our Approaches

Steven M. Silverstein, Bita Moghaddam, and Til Wykes

Overview

What is schizophrenia? What are its causes? Can it be cured? Can it be pre-
vented? These fundamental issues have confronted the fi eld of schizophrenia 
research and treatment for over 100 years. Our ability to improve the lives of 
people with the disorder, however, has not improved at nearly the same rate 
as the accumulation of new knowledge about it and technological advances 
to study it. Paradigm shifts may thus be needed to accelerate progress. This 
was the aim of the Ernst Strüngmann Forum, “Schizophrenia: Evolution and 
Synthesis,” to which a group of researchers were invited to explore novel ways 
of conceptualizing the disorder, integrating data across levels of analysis, and 
accelerating advances in treatment development and prevention efforts.

In this introductory chapter, we introduce the questions and issues that 
motivated the Forum, in terms of fundamental problems facing the fi eld of 
schizophrenia research and treatment, and discuss the specifi c issues identifi ed 
for debate and the questions which served as starting points for deliberation. 
We briefl y summarize the debate and conclusions of each of the four thematic 
groups and highlight issues that emerged during the fi nal plenary discussion.

Rationale and Motivation for Challenging Current 
Paradigms in Schizophrenia Research and Treatment

 Schizophrenia is a diagnostic term which describes a serious mental disor-
der that affects approximately 1% of the population worldwide; current global 
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2 S. M. Silverstein, B. Moghaddam, and T. Wykes 

prevalence is calculated at over 20 million people (McGrath et al. 2008). 
Common clinical features of the condition include  hallucinations,  delusions, 
bizarre behavior, affective dysregulation and/or blunted affect, diffi culties in 
 social  cognition and interpersonal functioning as well as cognitive impairment. 
Schizophrenia is typically diagnosed in  late  adolescence or  early adulthood; 
it is often associated with lifelong disability, especially when appropriate ser-
vices are not provided, and accounts for high levels of expenditures. In the 
United States, for example, it is estimated that as many as 10% of all mentally 
disabled persons are diagnosed with schizophrenia (Rupp and Keith 1993), 
and the  diagnosis accounts for 75% of all mental health spending and approx-
imately 40% of all publicly funded disability payments (Martin and Miller 
1998). Among people with the diagnosis, 80–85% are typically   unemployed 
at any given time; those who do obtain a job typically work for a few hours 
per week and quit or are fi red after several weeks or months (Silverstein and 
Bellack 2008).

Schizophrenia imposes an immense  fi nancial burden on individuals, fami-
lies, and societies. In the United States alone, the cost of treating people diag-
nosed with schizophrenia has been estimated to be USD 62.7 billion (~ EUR 
50 billion) per year, including direct  treatment costs and lost business pro-
ductivity due to patient and family caretaker work absence (Wu et al. 2005). 
European studies also indicate high costs for treatment, although estimates 
are lower in southern European countries that use primarily older, less expen-
sive medications, and where patients tend to live with families instead of in 
residential facilities. For example, Salize et al. (2009) calculate that the mean 
total cost per year, per patient, was EUR 36,978 in Zürich, EUR 16,868 in 
Mannheim, but only EUR 2,958 in Granada. These European cost estimates, 
however, represent only the direct costs of treatment; they do not include indi-
rect costs such as lost work productivity of patients and families, or legal costs, 
which typically double the overall cost estimate. In the most recent compre-
hensive analysis of costs, Andrews et al. (2012), in a report prepared for the 
U.K. Schizophrenia Commission, estimated that the average annual cost per 
person with schizophrenia to society is GBP 60,000 and to the public sector 
GBP 36,000. In short, by any standard, schizophrenia is a major individual, 
family, and public health problem.

In recent years, numerous advances in research technology (e.g., in molecu-
lar biology and  brain imaging) have resulted in an accumulation of new fi nd-
ings about schizophrenia. Despite this, the general sense in the fi eld is that we 
are no closer to an integrated understanding of the disorder or to better methods 
to treat it (e.g., Insel 2009). Progress has not been made on a number of critical 
issues. For example, diagnosis is still made relatively late in the course of the 
neurodevelopmental trajectory—typically when persistent psychotic symp-
toms emerge, but many years after cognitive, academic, and social decline 
has begun. Our ability to predict who will develop the condition is poor, and 
 etiology is essentially unknown. These issues, together with poorly developed 
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prevention and the fact that we still do not know whether schizophrenia rep-
resents one or more disorders, means that  treatment is by trial and error. Even 
more shocking is that although medical illness-related mortality has decreased 
signifi cantly in the general population, and life span has increased signifi cantly 
for people with medical diseases (e.g., diabetes, heart disease, cancer),  mortal-
ity for people with schizophrenia has not decreased over the past 100 years. 
Moreover, the average  life span for a person with the condition is 25 years less 
than for people without it, and this has not changed for at least 50 years. In 
fact, treatment outcomes in some domains are arguably equivalent to what they 
were 100 years ago, the effect size of the difference between active treatments 
and placebo has decreased, and few patients are able to work or live indepen-
dently (see Insel 2009, 2010; Kemp et al. 2010). Despite psychopharmacologi-
cal developments over the past 20 years, increased effectiveness has not been 
demonstrated over medications that were developed in the 1950s and 1960s 
(Davies et al. 2007; Lewis and Lieberman 2008), treatment noncompliance 
is high (Lieberman et al. 2005), and several major pharmaceutical companies 
are eliminating new  drug development efforts that target psychotic disorders. 
Similarly, despite many  psychosocial treatment developments over the past 20 
years, meta-analyses of some widely used interventions indicate small or near-
zero effect sizes (e.g., Lynch et al. 2010), with inverse relationships between 
study quality and effect size (e.g., Wykes et al. 2008).

Fifteen years ago, many researchers thought that  genetics, in the form of a 
relatively small number of genetic abnormalities, would provide the answers 
to guide treatment. It now appears, however, that the number of genome “le-
sions” may be over one million, and thus it is becoming increasingly diffi cult 
to develop and maintain an understanding of the genetic basis of schizophre-
nia. Moreover, many genetic fi ndings have not been replicated. The extent to 
which this is due to greater than expected human variation, heterogeneity, and/
or false positives is unknown. Another technique that offered much promise 15 
years ago, and which spawned a great deal of investment, was  functional mag-
netic resonance imaging (fMRI). These studies have added to our appreciation 
of the complexity of the  pathophysiology of the condition, by demonstrating 
that schizophrenia is not the sum of multiple localized and independent brain 
dysfunctions but rather the result of altered connectivity between and within 
brain regions, as well as altered coordination and modulation of brain activity 
(Phillips and Silverstein 2003). Imaging fi ndings have also contributed to the 
appreciation of signifi cant  heterogeneity within the disorder as well as to the 
sobering realization of the considerable overlap with healthy people in aspects 
of  brain function.  Nonetheless, despite important insights into brain function 
in schizophrenia from imaging studies, the origins of these problems, how they 
generate symptoms and the subjective experiences of the disorder, and how to 
treat them are far from clear. Therefore, as with genetics, the gap between our 
knowledge base and a comprehensive grasp of the nature of the disorder and 
how to treat it remains large.
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In addition, in spite of major investments in the study of  cognitive impair-
ment—a factor thought to be closer to the basis of the condition than symptoms 
or behaviors—it remains diffi cult to isolate specifi c defi cits from generalized 
cognitive impairments and  motivational defi cits, thus limiting our ability to un-
derstand the neural basis of the abnormalities. Behavioral studies of cognition 
generally have larger effect sizes than psychophysiological or neurobiological 
studies (Heinrichs 2001), which is the opposite of what was expected to occur 
with the application of techniques such as  fMRI to studies of cognitive im-
pairment in schizophrenia. Moreover, in both the behavioral and physiological 
domains, it is typical for an abnormal fi nding to be present in only 30–70% of 
patients, thus raising questions about the meaning of the defi cit for the con-
dition (Heinrichs 2001). Often, issues of diagnostic specifi city are ignored, 
despite the fact that some of the most consistent fi ndings from imaging studies 
(e.g., reduced hippocampal volumes) have been found in other populations 
(e.g., people who experienced  childhood physical or sexual abuse; Bremner 
et al. 2003). This suggests that some fi ndings may refl ect nonspecifi c factors, 
such as chronic stress.

Unlike nonpsychiatric disorders (e.g., coronary artery disease), where the 
relationship between  epidemiology and  pathogenesis is generally understood, 
in schizophrenia, research on the interaction of these factors has, for the most 
part, remained separate (McGrath and Richards 2009). This has seriously lim-
ited the development of comprehensive theories of the disorder that integrate 
societal, environmental, biological, and developmental perspectives. Recent 
studies, however, indicate important roles for factors such as  cannabis use, 
 stress, negative family environments,  physical and  sexual abuse,  viral expo-
sure, and racial  discrimination as well as other forms of chronic  social de-
feat in increasing the  risk for schizophrenia (e.g., González-Pinto et al. 2011; 
Kirkbride et al. 2008; Lysaker et al. 2007; Tienari et al. 2004). Therefore, 
frameworks that conceptualize the development of schizophrenia within a so-
cietal context need to be developed.

Progress in addressing these issues requires more than just incremental ad-
ditions to the existing research base. We believe that new paradigms coupled 
with an integration of data from multiple levels of analysis (and new methods 
of doing this) are necessary. This Forum was viewed as a step forward in this 
larger process. Our expectation was that by the end of the Forum, progress 
would have been made in (a) identifying factors (e.g., paradigmatic, disorder-
related, institutional, fi nancial, societal) that are preventing breakthroughs and 
(b) exploring alternative and novel ways to conceptualize, model, diagnose, 
treat, and research the disorder. Below, we summarize the different themes of 
the Forum, the specifi c questions that served to spark each of the groups’ dis-
cussions, and the outcomes of those discussions.

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109347/9780262314602_c000200.pdf by guest on 02 January 2024



 Schizophrenia: Problems, Evolution, and Synthesis 5

Group 1: Which Aspects of Heterogeneity 
Are Useful to  Translational Success?

Issues

For many years, schizophrenia has been viewed as a single condition. However, 
there  is no fi nding that is pathognomonic of schizophrenia, and the best avail-
able evidence indicates that specifi c abnormalities (e.g., in cognition, psycho-
physiology, neuroanatomy) are found in only 30–70% of patients (Heinrichs 
2001). Genetic data increasingly indicate that schizophrenia is a heterogeneous 
disorder (Mitchell and Porteous 2011; Sebat et al. 2009). This suggests that 
what we now call schizophrenia may in actuality be a fi nal common pathway 
of multiple etiologies, or a class of disorders that share some clinical similari-
ties. This view is consistent with recent initiatives to redefi ne what we now call 
schizophrenia in terms of basic processes (Insel et al. 2010). The mission of the 
fi rst discussion group (Corvin et al., Chapter 5, this volume) was to consider 
this and other evidence related to how schizophrenia is currently conceptual-
ized. Guiding questions included:

• What are the core features of schizophrenia?
• Why has more progress not been made on the homogeneous–het-

erogeneous question, and what needs to occur to resolve this issue 
defi nitively?

• What are the most promising dimensions (e.g., genetic, cognitive,  brain 
function) upon which efforts to clarify heterogeneity can be based?

• Within each dimension, to what extent do fi ndings refl ect basic wide-
spread impairments (e.g., reduced cognitive coordination, reduced 
 context-based modulation of neural processing due to NMDA receptor 
hypofunction, and reduced activity of parvalbumin-containing  GABA 
interneurons) versus multiple independent abnormalities?

• In what ways do we need to revise our understanding of schizophrenia 
based on fi ndings of genetic overlap with  bipolar disorder and symp-
tomatic overlap between childhood schizophrenia and  autism spectrum 
disorders?

• How can we develop a theory of schizophrenia such that it is under-
stood at multiple and interacting levels (e.g., biological, cognitive, phe-
nomenological) in an integrated fashion?

Summary

In their deliberations, Corvin et al. (Chapter 5) began with the idea that  schizo-
phrenia is not a disease, because a disease is defi ned as a phenomenon with 
known etiology, pathophysiology, and course. Consensus emerged that schizo-
phrenia is, at best, a syndrome, or a collection of signs and symptoms that 
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statistically occur together. The group agreed that  schizophrenia is an “ open 
construct” in that its boundaries and many of its features overlap with other 
medical and psychiatric disorders. Corvin et al. also agreed that schizophrenia 
is best considered a category, such as  dementia,  epilepsy, or  cancer. That is, 
what we now call schizophrenia is most likely a category of brain syndromes 
that bear some outward resemblance to each other, probably by virtue of shar-
ing pathophysiological mechanisms. However, the number of individual syn-
dromes  that make up the category is unknown, as are the etiologies of the 
syndromes. With this in mind, a major agenda for research and treatment is to 
focus on identifying phenomena that go together, across multiple levels (e.g., 
biology, cognition, symptom, subjective experience), so as to better describe 
heterogeneity and move toward   personalized treatment. Given that schizophre-
nia can be studied at so many levels, a key question is: Which levels of analysis 
are most important?

Consensus emerged that several levels are particularly important. The fi rst 
level concerns etiological factors, such as  genetics, and consequences of infec-
tion, such as infl ammation, that affect  brain function. A second level concerns 
 pathophysiology, where cellular (e.g., neuropil loss), molecular (e.g., reduced 
GABA, excessive  dopamine), and circuit (e.g., reward circuitry, effective con-
nectivity) issues were all considered important. The third level can be broadly 
construed as the  behavioral domain, including learning and other cognitive 
factors. The fourth, and most debated, level concerns observable or subjective 
phenomena, such as defi cit symptoms (e.g., a loss of  motivation) or an altered 
sense of  self.

Because the biological bases of symptoms such as amotivation and hyper-
refl exivity (i.e., hyperawareness of normally tacit aspects of bodily or mental 
experience) are relatively unknown, skepticism was expressed as to how useful 
these constructs are at present for moving the fi eld forward. However, there 
is a long tradition of a focus on symptoms, and research indicates that phe-
nomena such as altered self-experience (Lysaker and Lysaker 2010; Nelson 
et al. 2013; Sass and Parnas 2009), despite its relatively unknown etiology, 
constitute some of the best predictors of schizophrenia; that is, who develops 
schizophrenia versus who develops  bipolar disorder (Nelson et al. 2012). In 
addition, recent work suggests that disturbances in self-representation contrib-
ute to excessive infl ammatory activity, thereby providing a potential link be-
tween psychological and biological abnormalities in schizophrenia (Barnsley 
et al. 2011; Corlett 2013). Therefore, a challenge to the fi eld is to understand 
the psychological phenomena involved in schizophrenia and to advance inte-
gration across biological and psychological levels, in an effort to characterize 
heterogeneity. Methodological issues in studying covariation between phe-
nomena at multiple levels were discussed, and the benefi ts of traditional linear 
model (e.g., correlational) approaches versus those that can model nonlinear 
relationships (e.g., coeffi cients of mutual information) were outlined. Finally, 
there was signifi cant cross-fertilization with the discussions of other groups on 
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(a) the emerging view that schizophrenia is a lifetime disorder with evidence of 
impairment from birth, and the extent to which the dimension of “premorbid” 
developmental course can capture variance in heterogeneity relevant to current 
research and clinical efforts (see C. Morgan et al., Chapter 9, this volume); (b) 
the extent to which pathophysiological mechanisms can and should be studied 
individually without the need to model multiple clinical features, and how this 
can help us understand heterogeneity (see Mitchell et al., Chapter 13, this vol-
ume); and (c) which aspects of heterogeneity are most relevant for designing 
better treatments and treatment programs (see V. Morgan et al., Chapter 17, 
this volume).

Group 2: How Can Risk and Resilience Factors Be 
Leveraged to Optimize Discovery Pathways?

Issues

Much  evidence indicates  the presence of abnormalities that predate the diag-
nosis of schizophrenia. This includes enlarged ventricles in infants at  genetic 
risk, “ pandysmaturation” in infants at genetic risk, persistence of  infantile mo-
tor activity into childhood, and poor motor, academic and social functioning 
in childhood and adolescence (Fish and Kendler 2005; Gilmore et al. 2010; 
Schenkel and Silverstein 2004; Schiffman et al. 2006; Walker et al. 1999). 
This evidence suggests that, for many people at least, schizophrenia involves a 
lifelong abnormality that may express itself differently over time, perhaps as a 
function of developmental changes in brain structure, regional activation level, 
and function. However, a simple unfolding of neuropathology is unlikely to 
account adequately for the life histories or clinical presentations of patients. 
For example, it is now known that environmental (e.g., toxic and psychoso-
cial) factors affect whether schizophrenia develops and how it looks when it 
develops (for details, see C. Morgan et al., Chapter 9). In their discussions C. 
Morgan et al. aimed at integrating data across levels of analysis for the purpose 
of synthesizing a lifespan developmental perspective of schizophrenia, and, in 
doing so, addressed questions such as:

 How do environmental factors interact with genetic variables to in-
crease or decrease the likelihood of fi rst and later psychotic episodes?

 Do developmental data suggest a core dysfunction that accounts for 
multiple manifestations across the lifespan (e.g., motor, cognitive, 
phenomenological)?

 To what extent does abnormal subjective experience, and the con-
comitant distress associated with such changes, lead to further altera-
tions in biological processes that increase the likelihood of psychosis 
emerging?
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 Why has there been such a separation of  pathophysiology from  epide-
miology research (e.g., on  social defeat,   poverty,  physical and  sexual 
abuse,  drug abuse, exposure to specifi c viruses), and what can be done 
to change this?

 What do current results indicate about social and lifestyle factors and 
the development of schizophrenia, and what research needs to be done 
to understand this better?

 What needs to happen to improve our understanding of the genetic ba-
sis of schizophrenia?

 What is the role of  epigenetic factors in schizophrenia?

Summary

Discussion in the group began with the recognition that if we want to prevent 
and treat disorders like schizophrenia, we must fi rst understand the matrix of 
risk factors that underlies the etiology and pathogenesis of these syndromes. 
There has been considerable progress in our understanding of risk for schizo-
phrenia and, more broadly, psychosis over the past 40 years, and this has 
spawned special clinics for young people considered to be at ultrahigh risk 
for psychosis. To date, however, most evidence suggests that although we can 
delay the onset of schizophrenia for one to two years in people in an  at-risk 
mental state, we cannot prevent its eventual onset (Yung and Nelson 2011; 
Morrison et al. 2012). Exceptions to this include one relatively small study that 
used fi sh oil high in  omega-3 fatty acids (and so, with  anti-infl ammatory prop-
erties) as the primary intervention (Amminger et al. 2010), and a study of a 
form of  cognitive behavioral therapy specifi cally designed to address cognitive 
biases commonly found in people who develop schizophrenia (van der Gaag 
et al. 2012). In the latter study, however, the intention to treat analysis (i.e., in-
cluding all subjects who entered the trial) did not reach statistical signifi cance. 
Thus far, medication has not been shown to  prevent schizophrenia. This dis-
cussion led to several insights and recommendations. One, agreed upon by all 
other groups, was that intervening at the point in time when a person begins to 
display prodromal indicators of schizophrenia is too late. Rather, recognizing 
that many psychiatric disorders share the same risk factors, an alternative—but 
largely untested approach—is to intervene much earlier (e.g., 9–13 years of 
age), when academic and behavioral diffi culties typically emerge. The idea 
was that if we can prevent further deterioration of social and cognitive func-
tioning during this “ pluripotent risk state” (i.e., a phase during which a set of 
diffi culties could develop into any of a number of later disorders), we are more 
likely to prevent schizophrenia, as well as several other conditions.

A second focus of discussion centered on the need to study the interaction 
of risk factors. Clearly, even the most promising risk factors only increase 
risk to a small degree. However, combinations and interactions of factors 
(e.g., genetic abnormalities,  low  intelligence,  childhood abuse, stressful home 
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environments, and  drug use) are far more likely later to be associated with 
schizophrenia. Identifying protective and harmful interactions may also help 
us characterize heterogeneity and risk, as well as formulate rational public pol-
icies that are likely to reduce signifi cant numbers of future cases of schizophre-
nia. Conversely, given the emerging recognition that psychotic phenomena in 
the general population are far more widespread than traditionally thought (e.g., 
Rössler et al. 2007), there needs to be an increased focus on factors, and their 
interaction, that promote resilience and reduce the likelihood of developing 
schizophrenia.

In addition to the group’s call for greater study of the positive predictive 
value of interactions between risk factors, there needs to be greater integra-
tion of disparate fi elds of study. For example, integrating our understanding of 
genetic markers with their corresponding pathophysiological sequelae is in its 
infancy but has shown great promise. On a larger scale, C. Morgan et al. note 
that there has been insuffi cient exchange between fi elds such as  epidemiol-
ogy,  sociology, and the neurosciences. This has led to a situation where we do 
not yet understand, for example, how, in terms of biology, certain risk factors 
(e.g., child abuse) increase the risk of developing schizophrenia later in life. 
Similarly, we do not yet fully understand the extent to which the incidence of 
alterations in specifi c mechanisms (e.g.,  hypothalamic-pituitary-adrenal axis 
dysfunction,  viral infection) are made more likely by social and  environmen-
tal factors (e.g.,  urban environments,  poverty), although emerging evidence is 
beginning to reveal such relationships. There is also the longstanding issue of 
how the biological and cognitive factors associated with schizophrenia lead 
to the subjective experiences of psychotic symptoms and phenomena, such as 
disturbed experience of the self (Renes et al. 2013). To help resolve this issue, 
C. Morgan et al. stress the importance of and need for more cross-fertilization 
between scientists in fi elds such as  computational modeling,  neurobiology, and 
neurophenomenology. Greater clarity is also needed to distinguish better be-
tween concepts such as  social adversity, social disadvantage, and  social defeat.

Another important conclusion reached by C. Morgan et al. was that the 
traditional separation of child and adult psychiatric services negatively affects 
clinical care and research by forcing people to be seen in two different sys-
tems; it also minimizes exchange between researchers and clinicians in the 
different fi elds. They recommend that this separation be eliminated and envi-
sion a system wherein research on, and treatment of, mental and behavioral 
diffi culties that emerge in childhood and adolescence would be informed by 
an understanding of factors that mediate and moderate the transition to adult 
forms of psychopathology. Specifi cally, they suggest that child, adolescent, 
and adult services be merged so that the population at greatest risk for psy-
chosis can be better targeted and followed throughout the full developmental 
course. Finally, consensus emerged that it is not necessary for all preventive 
efforts to be carried out in psychiatric clinics. Already,  school-based  interven-
tions have shown effectiveness for treating social and academic diffi culties 
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in young people. More efforts are needed, however, to examine the effects 
of these programs on young people in a  pluripotent risk state, for improv-
ing cognitive, academic, and social functioning, and for reducing behavioral 
disturbance and later incidence of serious mental disorder (for elaboration on 
these issues, see Chapter 9).

Group 3: How Can Models Be Better 
Utilized to Enhance  Outcome?

Issues

Much research  on schizophrenia, especially in terms of neurophysiology and 
 drug development, is done using rodents and, to a lesser extent, nonhuman 
primates. Indeed, as in other medical conditions, research on basic neurophys-
iology and drug development has required, and benefi ted from, decades of 
research on animals. However, schizophrenia has a number of features (e.g., 
language disturbances,  altered sense of self) which suggest that it is a distinctly 
human condition. Therefore, the mission of this discussion group was to ad-
dress the role of different types of modeling for furthering our understanding 
of, and ability to treat, the disorder. Their given questions were:

 To what extent is schizophrenia continuous or discontinuous with be-
havior disorders in animals?

 How can animal studies continue to enhance our understanding of the 
development and progression of schizophrenia and  gene–environment 
interactions?

 Are there differences in the extent to which  animal and neural network 
models can account for cognitive versus emotional abnormalities in 
schizophrenia?

 What kinds of animal research are necessary to develop new treatments?
 When treatment development is based on animal studies (i.e., when hu-

man subjective experience of the self and world is excluded), is there a 
limit to which treatments can be effective?

 To what extent do disturbances in the experience of the self lead to 
further abnormalities in biological processes, and how can interactions 
such as these be modeled in nonhuman systems?

 To what extent can nonhuman models account for the gene–environ-
ment interactions that are observed in schizophrenia?

Summary

Mitchell et al. (Chapter 13) affi rmed the utility of animal models in investi-
gating specifi c neurobiological underpinnings of schizophrenia. Importantly, 
however, this stance contrasts with the widely held idea that animal models 
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can, or should be able to, recapitulate the disorder in its entirety or be used as 
a proxy for  drug screening. Mitchell et al. note that it is obviously not possible 
to generate an animal model of the full syndrome of schizophrenia, given its 
etiological and phenomenological heterogeneity, and considering the uniquely 
human expression of many of its symptoms. Moreover, if schizophrenia is an 
open construct, the boundaries and features of which are diffi cult to delimit 
even in humans, then attempting to generate an animal model that recapitu-
lates the disorder as a whole becomes entirely unrealistic. Furthermore, the 
expectation that a particular pathophysiological disturbance will manifest in 
an overtly similar behavioral impairment in animals and humans is not always 
justifi ed. Manipulations that do not demonstrate  face  validity, in the sense of 
demonstrating an identical phenomenon in animals and humans (e.g., impaired 
 prepulse inhibition), should thus not be rejected as irrelevant to understand-
ing the condition, as long as it can be demonstrated that a biological process 
relevant to humans is being modeled. Based on these considerations, Mitchell 
et al. propose that the term “animal model” be used to refer to an animal that 
has been manipulated in a specifi c way that is either known to be of etiologi-
cal relevance to schizophrenia or that is thought to recapitulate a phenotype of 
relevance to some aspect of schizophrenia phenomenology. In short, animal 
models can be useful to isolate and manipulate hypothesized etiological fac-
tors and their interactions, within and across levels of analysis. In this way, the 
group’s discussions demonstrated how  heterogeneity can be useful and lead to 
rapid advances in understanding the biology of schizophrenia, with obvious 
treatment implications.

Two recurring themes relevant to understanding and modeling heterogene-
ity are:

1. Many factors (including chance, intrauterine environment, social en-
vironment) determine how genes are expressed, and thus people with 
similar genetic factors may develop different clinical presentations.

2. Small changes at the micro level can interact and cascade to lead to 
macro-level changes in  brain function, which are different from person 
to person.

An analogy was made to  epilepsy, which is a heritable syndrome, but where 
the region of the epileptic focus can vary in people within the same fam-
ily. Similarly, in schizophrenia, a genetic factor that leads to a neural circuit 
abnormality in one part of the brain might lead to one set of specifi c impair-
ments (e.g., perceptual organization impairments resulting from occipital 
lobe abnormalities), whereas the same circuit dysfunction in another region 
(e.g., the frontal lobe) could lead to diffi culties in organizing action plans, 
with a range of factors (including chance) determining in which region the 
abnormality is expressed. It is also possible that a single impairment (e.g., in 
dopamine signaling) could cause multiple problems (e.g., a reduced ability 
to learn from reward,  working memory impairment). These types of complex 
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relationships have not yet been modeled adequately. However, it is precisely 
these types of variations in expression of genetic factors, and the biological 
events to which they lead, as well as the interaction between these events 
that can be studied effi ciently and effectively in animal models. Mitchell 
et al. state that only in this way is it likely that the heterogeneous nature of 
schizophrenia will be understood and that treatments truly tailored to the 
individual will be developed.

Mitchell et al. discuss how  computational and  human cellular (e.g., plu-
ripotent stem cell) models could complement animal models. For example, 
within a computational framework it may be possible to predict the effect of a 
mutation in a specifi c gene on neural dynamics at various scales. It may also 
be possible to predict the behavioral or cognitive correlates of such altera-
tions. It is important to note, however, that inferences in the reverse direction 
are much more diffi cult, since any phenomenon at a “higher” level can be the 
result of several causal pathways emerging from lower levels. For example, 
given a particular behavioral difference, it is usually not possible to infer 
what change in neural dynamics led to it. Similarly, an alteration in neural 
dynamics might have been caused by a change in any number of molecular 
components. Given this complexity, Mitchell et al. note that a major goal of 
experimental modeling of the effects of schizophrenia risk factors is to iden-
tify points and pathways of  phenotypic convergence and possibly common 
pathophysiological states.

In addition to explaining  pathophysiology, Mitchell et al. note that animal 
(and other) models can be used in longitudinal studies to clarify the develop-
ment of prodromal features and the typical age of onset. The recent devel-
opment of powerful small-animal neuroimaging methods offers the means to 
follow the same individual animal over time using a technique that provides 
data directly comparable to that from human patients. In short, they recom-
mend that animal and other models not be used as proxys for the syndrome 
as a whole, but rather that these models are more likely to achieve advances 
by clarifying specifi c processes, their interactions, and their consequences. 
Because this work can be done much more quickly in animals than in humans, 
this new paradigm for modeling is critical for the development and targeting 
of treatment on an individualized basis (for elaboration on these issues, see 
Chapter 13).

Group 4: What Is Necessary to Enhance 
Development and Utilization of Treatment?

Issues

As discussed earlier, outcomes  have arguably not improved signifi cantly for 
people with schizophrenia over the last 100 years. However, it must be noted 
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that only a small percentage of patients actually receive a full range of (and in 
some cases, any)   evidence-based treatments: in the United States, for example, 
only 2–10% of patients who could benefi t from  assertive community treatment 
actually receive it (Lehman and Steinwachs 1998). In addition, the adoption of 
evidence-based practices into clinics is often slow. The mission of this discus-
sion group was thus to address the following questions:

 To what extent are symptom severity and level of functioning driven by 
social factors (e.g., stigma, poor funding for mental health, unavailabil-
ity of treatments, lack of evidence-based practices outside of academic 
medical centers)?

 Why has progress, in terms of developing new medications, appar-
ently slowed?

 Is the continued predominance of the  dopamine hypothesis based on 
science, inertia, and/or lack of evidence for other models?

 How can multidisciplinary work (e.g., genetics, imaging) accelerate 
progress?

 Why are effect sizes so small in well-designed studies of  psychosocial 
 interventions?

 Are our treatments simply not that good? Or are they good, but not 
acceptable to patients, many of whom may be unmotivated (e.g., due 
to negative symptoms, paranoia, poor insight, or severe side effects) to 
engage in them?

 Are the psychological models on which these are based outdated, and 
are there other conceptual bases upon which new behavior change 
methods can be based?

 To what extent could treatment outcomes be improved if there was 
a greater focus on social factors, in the form of, for example, wide-
spread efforts at  stigma and  discrimination reduction,  peer support, and 
education of family members, religious leaders, and other people in 
patients’ lives? 

 How do we integrate people with schizophrenia back into society in a 
manner amenable to both them and the community?

 To what extent are  alterations of self and subjective experience primary 
phenomena in schizophrenia, and what are the implications of this for 
treatment development efforts?

 To what extent are discoveries regarding  genetics informing treatment 
efforts? Can this happen to a greater extent than is now occurring?

 Do treatments need to be more tailored to specifi c symptoms or dis-
ability dimensions?

 Should  drug development and  clinical trials be left to the private sector 
and, if not, what should a government-run effort look like?
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Summary

In their discussions, V. Morgan et al. (Chapter 17) considered the fact that there 
is still debate about what it is that we are trying to treat, due to all of the prob-
lems in defi ning the construct noted above. In particular, because of the hetero-
geneity in  etiology and/or clinical features, treatments are less than maximally 
effective for most patients, and thus we need to develop a way of truly person-
alizing treatment. Other problems include deciding on what phenomena should 
be treated. There has been a relative separation between developing treatments 
that target pathophysiological processes thought to be involved in symptoms 
(i.e., the traditional focus of the pharmaceutical industry) and treatments which 
focus on reducing disability by improving cognitive and social functioning and 
promoting  employment and independent living. In addition, there has been too 
little research on combinations of treatments.

V. Morgan et al. suggest that a more rational approach to treatment would 
begin by defi ning the problem space for intervention as involving primary, sec-
ondary, and   tertiary levels, with the  interventions and goals differing between 
levels. A radical proposition was that we might be able to  prevent, rather than 
merely treat, schizophrenia if we were able to intervene early enough (i.e., 
primary prevention, little of which exists now for schizophrenia). For example, 
and as noted in several of the discussion groups, there is reason to believe—
but no data yet to confi rm—that an intervention to reduce cognitive decline 
(between 11 and 14 years of age) could reduce morbidity as well as prevent 
the onset of schizophrenia in  late  adolescence and  early adulthood. However, 
given that schizophrenia involves multiple risk factors, important questions 
remain: How many different interventions would need to be developed to pre-
vent the syndrome, and if such interventions were developed, where would 
they be delivered (e.g.,  school, after-school program, clinic)? How would such 
efforts be funded? Such questions speak to the need for involvement of  policy 
makers and the larger society in efforts to prevent schizophrenia and other 
forms of serious mental disorders.

Even if, ideally, effective treatments were to be developed, a major problem 
at present is how to ensure that people who need the treatments actually receive 
them. For example, while there are many effective  psychosocial treatments for 
schizophrenia, most are unavailable in typical mental health settings, even in 
developed countries. In addition, some countries, particularly the United States, 
have few mechanisms of  payment for such effective treatments. Further, owing 
to factors such as poor insight, low motivation for treatment, and prior negative 
experiences with mental health professionals, many patients with schizophre-
nia choose not to adhere to treatment plans or attend clinics. Complicating this, 
many professionals are not trained in   evidence-based practices for this popula-
tion. Even when they are, decision-making processes engaged in by clinicians 
often lack sensitivity to contextual information and the patient’s perspective, 
and thus often lead to less than optimal treatment or adherence with it. All 
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of this speaks to the need to improve the education of people who work with 
schizophrenia patients and to address larger societal issues.

Recognizing the relative lack of technology used in the treatment of schizo-
phrenia, compared to treatment of other chronic disorders, V. Morgan et al. 
recommend increasing the use of new  momentary assessment technologies, 
such as handheld devices that can be used for experience sampling as well as 
to help monitor stress levels and the onset and offset of psychotic symptoms. 
Such technologies can augment interventions that have previously relied on 
cruder methods to assess these issues. In addition,  virtual reality is a powerful 
tool for assessment and treatment that has been used successfully with dis-
orders such as  posttraumatic  stress disorder. Thus far, this has not been used 
much for schizophrenia, and particularly to supplement or boost treatment ef-
fects. Other new technologies which show promise include  real-time biofeed-
back via  fMRI or variants of  transcranial magnetic stimulation, to help patients 
reduce activity in areas related to symptoms or to increase activity in areas to 
enhance cognitive functioning. To date, however, the limited funding typically 
available for treatment of people with schizophrenia means that application of 
such new techniques is limited outside of clinical trials conducted in academic 
medical centers.

V. Morgan et al. emphasize that truly effective treatment of schizophrenia 
requires approaching each person with the condition as a unique person with 
biological vulnerabilities embedded within a matrix of environmental stress-
ors; that is, these symptoms refl ect this person with these genes and this brain 
in this environment with these  stressors. Evidence for the necessity of this ap-
proach comes from many fi ndings, including those on stress impact (Lincoln 
et al. 2009), or even walking through an  urban environment (Ellett et al. 2008), 
on symptoms such as paranoia and  anxiety, as well as the links between under-
stimulating environments and  negative symptoms (Oshima et al. 2003, 2005). 
In their report (see Chapter 17), V. Morgan et al. describe a treatment planning 
method ( PROMIS) that—unlike typical approaches which focus primarily on 
symptoms—organizes treatment planning around disordered physiological 
processes,  behavioral domains, and environmental stressors and other condi-
tions. Although they recognize the utility of animal models, as discussed by 
Mitchell et al. (Chapter 13), V. Morgan et al. emphasize the importance of 
human models in driving systems neuroscience research, and the need to have 
these drive other scientifi c efforts as well (for further elaboration on these is-
sues, see Chapter 17).

Finally, providing  interventions external to the traditional medical or other 
treatment contexts may be useful, especially given the negative symptoms, 
poor insight, and other factors that reduce attendance at clinic-based treat-
ments. For example, individual and family treatment has been provided in the 
home and has been effective in reducing relapse even when medication use 
is minimal (Lehtinen et al. 2000). In addition,  cognitive behavioral therapy 
can be provided in patients’ homes (Smith and Yanos 2009), as can cognitive 
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remediation (Ventura et al. 2013). Although schizophrenia is typically seen as 
a poor outcome disorder, it remains to be seen what outcomes are possible if 
treatment is made more “user-friendly” in both type and location.

Further Synthesis and Final Thoughts

In our fi nal plenary session we met to assess our overall progress and provide 
each group with feedback on their individual reports. In this section we wish to 
highlight the additional themes and ideas that emerged.

The Centrality of Cognition in an Understanding of Schizophrenia

Much  evidence now suggests that schizophrenia is characterized by cognitive 
impairment and that cognitive impairment is an early aspect of the disorder, 
often predating the emergence of psychotic symptoms by more than ten years 
(see Kahn, Chapter 14, this volume). Alternately, it was suggested that since 
schizophrenia patients are impaired in all aspects of cognition, all cognitive 
impairments may refl ect a generalized impairment, and thus these are not use-
ful portals through which to search for clues about schizophrenia. Can these 
competing points of view be reconciled? What is the proper role and goal of 
cognition studies in schizophrenia?

First, we suggest that although cognition is defi nitely impaired in schizo-
phrenia, the appearance of a generalized impairment is largely an artifact of the 
use of measures whose scores are confounded by multiple cognitive processes 
(especially  attention lapses) and noncognitive factors (e.g., poor  motivation 
or medication-related sedation). Strategies have been proposed to isolate spe-
cifi c impairments more effectively and to identify their neural correlates (e.g., 
Knight and Silverstein 2001; MacDonald and Carter 2002; Silverstein 2008), 
but these have rarely been used. In addition, some cognitive impairments are 
state-sensitive; thus, whether abnormal performance is observed can be a func-
tion of phase of the disorder (e.g., Keane et al. 2013; Silverstein and Keane 
2009; Silverstein et al. 2013a). Better characterization of the covariation of 
specifi c impairments with state, as opposed to being trait (and perhaps  endo-
phenotype) factors, is an important but neglected area of research; attention to 
this could help us model how biology and cognition relate to symptoms, recov-
ery, and functioning, thereby increasing the yield of cognitive treatment stud-
ies. Some of these insights have already been incorporated into  clinical trials 
of  cognitive remediation, where signifi cant changes in performance have been 
found (Wykes et al. 2011). In addition to localized changes in brain activity 
(e.g., Wykes 1998; Wykes et al. 2002, 2011) and structure (Eack et al. 2010), 
recent studies are fi nding improvements in the functioning of neural networks 
in schizophrenia (Penadés et al. 2013). Such studies have the potential to im-
prove our understanding of the effects of cognitive remediation, and of how 
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these effects translate into normalized subjective experience, fewer symptoms, 
and improved functioning.

Second, we recommend that the view of what is cognitively impaired in 
schizophrenia should change. Thus far, this issue has been viewed in terms of 
the traditional categories of neuropsychology: perception, attention,  memory, 
learning, reasoning,  executive functioning, etc. When conceived this way, 
everything is seen as being impaired, to some degree, and therefore as evi-
dence of a not particularly useful (for research purposes)  generalized defi cit 
(Dickinson et al. 2008). This habit of parsing cognition into pseudo-discrete 
functions may not, however, be the most appropriate strategy for maximally 
clarifying the pathophysiologies that underlie schizophrenia. Even less pro-
ductive may be the strategy of identifying a single impairment, as is often 
done for working memory, as the basis from which all or most other cognitive 
impairments in schizophrenia emerge (e.g., Barch and Ceaser 2012; Wolf et al. 
2006). Several reasons and examples demonstrate why this is unlikely to be a 
useful strategy:

1. It is clear that disorders of perception, long-term memory, and action 
are involved in schizophrenia in meaningful ways (e.g., Landgraf et 
al. 2012).

2. Some impairments in  perception and  attention, which do not appear 
to be secondary to disordered  working memory (e.g., reduced  visual 
acuity), can be demonstrated in children who later go on to develop 
schizophrenia, and it has been proposed that these play a causal role in 
abnormal neural development (e.g., Schiffman et al. 2006; Schubert et 
al. 2005).

3. Working memory impairment has been observed in relatives of people 
with schizophrenia (Conklin et al. 2005), which suggests that it is an 
 endophenotype. Some perceptual impairments, however, have not been 
reported in this population or among people at risk and do not appear 
to be present even as late as the fi rst episode of psychosis (Parnas et 
al. 2001; Silverstein et al. 2006b), thus suggesting that they are indices 
of syndrome progression, as well as state markers (given links with 
specifi c symptoms; Keane et al. 2013; Silverstein and Keane 2009).

4. Working memory impairments in schizophrenia are small, much 
smaller than in some neuropsychological patients with focal lesions 
whose symptoms have little overlap with schizophrenia.

5. The “work” that visuospatial working memory is assumed to do in-
cludes imagining transformations (e.g., mental rotation). We know of 
no evidence that such abilities are grossly impaired in schizophrenia 
(or present in animals used to model working memory defi cits).

6.  Cognitive impairment in schizophrenia typically refl ects a process that 
is not working correctly, as opposed to a true defi cit in function. Thus, 
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clarifying in which ways these systems are altered is a more valid per-
spective than generating a catalog of defi cits.

Based on all of the above, we suggest that what is needed is not less concern 
for cognitive distinctions, but more concern for newer distinctions. One use-
ful distinction that has already been applied to schizophrenia is that between 
coding and coordinating neuronal interactions (Engel et al. 2010; Phillips and 
Silverstein 2003; Silverstein 2010). However, recent work on canonical corti-
cal computations—algorithms based in widespread circuitry that are used to 
solve a variety of problems (e.g., Carandini and Heeger 2012; Fuster 2003)—
provides an emerging set of fundamental computational processes (e.g., gain 
control) which can be usefully applied to multiple impaired phenomena in 
schizophrenia (Butler et al. 2008; Phillips and Silverstein 2013).

As suggested by Mitchell et al. (Chapter 13), greater emphasis needs to be 
placed on the discovery of pathophysiological hubs through which  etiology is 
channeled into behavioral and phenomenological symptoms. This approach 
has been useful in the study of  epilepsy, and it can also be useful to study 
cognition in schizophrenia. Mitchell et al. agree that computational studies of 
neuronal dynamics can help reveal possible hubs at the level of pathophysiol-
ogy and, as noted by Durstewitz and Seamans (Chapter 12), this is relevant for 
understanding cognition. Therefore, what is needed is continued development 
of modeling of causal links between brain dynamics, cognition, symptoms, 
phenomenology, and behavior. This will require novel ways of working be-
tween disciplines and funding agency incentives to do so.

Altering our view of how and why cognition is impaired in schizophrenia 
has obvious implications for how cognitive impairment should be treated and 
for the choice of outcome variables used in clinical trials. Importantly, how-
ever, we should not necessarily or blindly assume that treatments which target 
these cognitive diffi culties will confer direct benefi ts to functioning, or that an 
absence of cognitive effects on these measures with treatment indicates a lack 
of improvement in real-world functioning. Often, as has been shown in both 
the traumatic brain injury and schizophrenia cognitive remediation literatures, 
test performance (i.e., impairment) and real-world functioning (i.e., disability) 
are independent of each other, and the extent of their change with treatment 
can vary independently of each other (e.g., Reeder et al. 2004; Silverstein et al. 
2005; Wilson 1991, 1997; Whyte 1998; Wykes et al. 2012).

A Greater Number of Comparative Studies 
with Other Disorders Is Needed

Consensus emerged that  schizophrenia is not a disease, but rather a syndrome 
that is best characterized as an  open construct. In this way, it shares similari-
ties with phenomena such as hypnosis: it can be characterized by alterations 
in consciousness, cognition, behavior, and physiology, but no one aspect of it 
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is unique to the condition (e.g., Silverstein 1993). One implication is that it 
may be useful to further explore the similarities versus differences, or overlap 
versus nonoverlap, between schizophrenia and several other conditions, which 
thus far have been understudied in relationship to schizophrenia, as a means of 
clarifying the essential aspects of the syndrome(s).

One potential area of exploration involves the overlap between schizophre-
nia and other developmental disorders characterized by cognitive impairment. 
For example, many studies show an overlap between schizophrenia and both 
 verbal and nonverbal  learning disabilities. In terms of the former, there is an 
elevated rate of histories of dyslexia in people who grow up to have schizo-
phrenia as well as in families of people with schizophrenia (Horrobin et al. 
1995), and an elevated rate of schizophrenia and  schizotypy in people diag-
nosed with dyslexia in childhood (Richardson 1994). In addition, anatomi-
cal abnormalities, as revealed by imaging, predict poor cognitive functioning 
in both disorders (Leonard et al. 2008), and both dyslexia and schizophrenia 
share specifi c visual processing impairments, such as in contour integration 
(Simmers and Bex 2001; Silverstein et al. 2009a) and magnocellular pathway 
processing (Revheim et al. 2006). Schizophrenia also shares social and cogni-
tive abnormalities with  nonverbal learning defi cits (Silverstein and Palumbo 
1995) as well as features of cognitive and social cognitive impairment (as 
well as genetics) with  autism spectrum disorders (e.g., Lugnegård et al. 2013; 
Stone and Iguchi 2011). At the same time, schizophrenia and autism appear to 
represent opposite extremes on some dimensions (Crespi and Badcock 2008; 
Russell-Smith et al. 2010), and thus further investigation of the pattern of simi-
larities and differences between these disorder classes may be quite revealing.

In addition to developmental cognitive disorders, schizophrenia is associ-
ated with a higher than normal rate of conduct disorder and antisocial per-
sonality disorder (Volavka and Citrome 2011), and these share aspects of 
reduced coherence in thinking and speech (Hare 1993) as well as biological 
abnormalities, such as reduced  functional connectivity involving the frontal 
cortex (Motzkin et al. 2011) and cortical thinning (Ly et al. 2012).  Physical 
and  sexual abuse in  childhood (Matheson et al. 2013) also increases risk for 
both antisocial personality disorder and schizophrenia, and its effects include 
violence and reduced thalamic volumes in both disorders (Kumari et al. 2013). 
Further investigations of these issues may sharpen our understanding of etio-
logical and developmental pathways to schizophrenia syndromes. This would 
address similarities and etiological overlap between these conditions, which 
were proposed long ago (Bender 1959; Dunaif and Hoch 1955) but remain 
underexplored.

It may also be useful to study conditions which  reduce risk for schizophre-
nia. Two notable examples of this are  congenital blindness—where a case of 
schizophrenia has never been reported (Silverstein et al. 2012c, 2013b)—and 
 rheumatoid arthritis, which occurs 70% less in people with schizophrenia 
than in other individuals (Mors et al. 1999). Data on congenital blindness has 
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provided tantalizing clues regarding the role of crossmodal plasticity in re-
ducing risk for cognitive and behavioral features associated with schizophre-
nia, and on the role that visual impairment may play in the development of 
schizophrenia. Data on  rheumatoid arthritis may help clarify the role of lipid 
membranes, such as prostaglandin-2, platelet-activating factor, and the gluta-
matergic system in these two conditions (Oken and Schulzer 1999). 

The Implications of Schizophrenia as a Disordered System

In addition to (stem) cellular, computational, and animal models of schizophre-
nia, we should not rule out the possibility of “macro” models. This suggestion 
is based on similarities which can be observed in complex systems, be they 
small or large, physical, biological, or social (Bar-Yam 1997, 2002; Csermely 
2008; Freyer et al. 2012; Simon 1973). This includes characteristic dimensions 
such as sensitivity, stability, adaptability, and cooperation. In this view, not 
only biological but also social systems have the potential to inform us about 
processes involved in phenomena at other levels, such as  brain function or 
behavior, in schizophrenia. To illustrate this, we suggest that examining social 
 disorganization and its sequelae (including violence) may reveal insights about 
system-level disturbances associated with cognitive and behavioral disorga-
nization in schizophrenia. For example, (a) both antisocial personality disor-
der and schizophrenia are associated with increased risk for violent behavior 
(Hodgins 2008) and reduced coherence in thinking and speech (Hare 1993); 
(b) increased rates of aggression in childhood are related to schizophrenia 
and   in adulthood (Hodgins 2008); and (c) schizophrenia is associated with 
an increased rate of antisocial personality disorder (Jackson et al. 1991). It 
has also been suggested that paranoia is to thought, as aggression is to behav-
ior (Gilligan 1996); both schizophrenia and violence refl ect, in part, similar 
forms of breakdowns in adaptive response patterns (e.g., Broen and Storms 
1966). Importantly, there are societal conditions associated with both violence 
and psychosis, and these conditions resemble, in terms of disruption of a sys-
tem, what is found in schizophrenia. For example, it has been noted that both 
schizophrenia (Allardyce and Boydell 2006; Faris and Dunham 1939) and vio-
lence (Bouffard and Muftić 2006; Boyle and Hassett-Walker 2008; Sampson 
and Groves 1989) are more likely to occur in social systems where there is 
more disorganization—defi ned by residential instability, frequent vacant hous-
ing units, family disruption, reduced homogeneity in traditions and value sys-
tems among neighbors, less communication and cooperation between families 
in the same neighborhood, disrupted social closure or fewer interlocking ties or 
networks within communities and between families, and a general reduction in 
social capital (De Silva et al. 2005; Hagan et al. 1996; Sandefur and Laumann 
1998). Are there ways in which symptom development in schizophrenia ap-
pears to parallel (in terms of system dysfunction) that which is found in disor-
ganized social systems? Consider that  hallucinations and  delusions have been 
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attributed to parasitic foci, where an  attractor state forms and becomes isolated, 
and less infl uenced by surrounding cortical activity (Hoffman and McGlashan 
1993). To the extent that this analogy is valid, what gains in our understanding 
of a system breakdown like schizophrenia might be won by better understand-
ing disintegration of social systems and their sequelae? We believe that it is 
worth exploring whether these similarities represent more than an analogy and 
could even refl ect causal relationships. For example, past theories and data 
have demonstrated excessive developmental neuroplasticity in schizophrenia 
and the related increased tendency for mental functioning to be molded by 
positive or negative features of the environment (Bender 1966; Reser 2007; 
Tienari et al. 2004). Rather than refl ecting an isomorphism between social con-
ditions and  brain function in individuals vulnerable to such effects, it is also 
possible that aspects of social disadvantage may simply increase risk for out-
comes such as violence and/or schizophrenia and reinforce other risk factors 
(Thornberry 1987; Toch and Adams 1989). We need to learn more about how 
this happens. In short, we suggest that the study of people with schizophrenia, 
or those at risk for it, could benefi t from a greater understanding of brain dy-
namics within the context of, and in reaction to, the social environment.

At another level,  future work should consider the role of the environment 
in planning treatment, beyond recognizing it as an etiological factor. Are there 
interactions between, for example, the level of social  disorganization in a pa-
tient’s past or current life and symptom expression or stress-sensitivity that 
may be relevant to treatment? Beyond this, can the dynamics of person–en-
vironment interactions form a dimension that can be used in characterizing 
 heterogeneity? For example, is reactivity to the environment (e.g., Sturgeon 
et al. 1984) a variable upon which subtyping can be based? If so, what are 
the implications of this for diagnosis and treatment? One goal of these efforts 
would be to move beyond “ personalized medicine” to “embedded medicine,” 
in which treatment is based on person–environment interactions. The ultimate 
implication is that, as with other issues such as violence (Newman et al. 2004), 
 intervention must be delivered at individual as well as community and national 
levels, in terms of public policy which affects social conditions that increase 
risk for schizophrenia. A novel paradigm that can express systems dynamics 
from molecular to social levels, model interactions between these levels, and 
characterize emergent phenomena such as schizophrenia appears necessary to 
move into the next phase of understanding and treatment. Finally, we also need 
to realize that it is unlikely that we will ever be able to predict completely who 
will develop schizophrenia. This is because all of the known risk factors are 
neither necessary nor suffi cient—alone or in combination—for schizophrenia 
to occur. However, an increase in our understanding of the issues could be 
successful in lowering the risk for, rate of, or disability associated with the 
condition.

Finally, to study many of the issues described in this chapter, very large 
sample sizes will be necessary. This suggests the necessity of generating large 
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databases and creating methods for investigators to contribute to and access 
data from them, as well as incentives for researchers to engage in this type of 
collaborative “cloud” research, as opposed to solely working on small datasets 
in individual laboratories. To study a condition as heterogeneous as schizo-
phrenia, and to understand the relationships between multiple biological, psy-
chological, and environmental variables and their covariation over time using 
mega-samples, strategies from informatics and novel  data analysis techniques 
will have to be increasingly applied to schizophrenia research. Concurrently, 
there is also a role for largely forgotten idiographic methods (Allport 1962); 
that is, for more in-depth study of individual people as a way to understand 
and generate novel hypotheses about the development of schizophrenia and the 
factors that protect against, cause, and modify expression of the condition(s).
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What Kind of a Thing 
Is Schizophrenia?
Specifi c Causation and 
General Failure Modes

Angus W. MacDonald III

Abstract

The status of schizophrenia as a disorder has been controversial since its original de-
scription by  Kraepelin and  Bleuler. This chapter critiques a prominent theory of schizo-
phrenia espoused by Meehl in 1962 that spurred a great deal of research into its ge-
netic origins and subthreshold manifestations. In particular, a decade of fi ndings on the 
meta-structure of mental disorders, the development and course of  at-risk youth, and 
 genetic  epidemiology can be understood as direct challenges to the idea of a specifi c 
etiology for the disorder. Instead of a well-mannered diagnostic entity, schizophrenia 
and  thought disorder more generally delineate a psychosis spectrum linked to a number 
of other psychiatric outcomes, including, but not limited to,  bipolar affective disorder. 
In addition, studies of the cognitive impairments associated with the disorder show that 
a  generalized defi cit is a prominent behavioral feature of the disorder. This chapter con-
cludes by noting that spectrum constructs do not preclude generating and testing falsifi -
able hypotheses. The use of a  fault tree analysis, as employed in reliability engineering, 
may be helpful in delineating such hypotheses explicitly. This perspective gives rise to 
a new set of priority questions.

Introduction

Marilyn Monroe had just died under mysterious circumstances. John F. 
Kennedy announced that within ten years the United States would put a man 
on the moon. Back in the Kremlin, Nikita Khrushchev decided that within ten 
days the Soviet Union would position missiles in Cuba. In the midst of such 
tumult, the histories written about September 2, 1962, tend to overlook the 
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fact that a generation of  genetic  epidemiology, experimental psychopathology, 
and  nosology was being inspired. A generally anodyne affair, the American 
Psychological Association’s presidential address would be transformed this 
evening by Paul  Meehl (1962). In his customary fashion, he managed to be 
both fl amboyant and tightly argued. Neologisms—schizotaxia, schizotypy, and 
hypocrisia—were introduced. Rather than symptoms of  thought disorder, they 
would enter the language with which we would think about schizophrenia and 
risk for schizophrenia. There is no hyperbole in claiming the speaker that night 
was one of the greatest thinkers about psychology and psychopathology of his 
generation, and even his century. He was also wrong.

Examining the way in which Meehl was wrong in his presidential address 
on  schizotaxia,  schizotypy, and schizophrenia allows us to approach a more 
intransigent question: What kind of a thing is schizophrenia? What kind of a 
thing is schizophrenia that it should affl ict so many, across the world, irrespec-
tive of potential or position? What kind of a thing is schizophrenia that families 
are sundered and lives brought to a standstill or even ended? And, from a scien-
tifi c perspective, what kind of a thing is schizophrenia that it might so deceive 
the insights of our clearest thinkers and scatter our efforts to understand it 
across all corners of the brain?

I begin by reviewing the theory espoused by Meehl to elucidate its de-
pendence upon a specifi c etiological mechanism. Thereafter I draw together 
evidence from four domains, including work on the meta-structure of psy-
chopathology, work on the development of the disorder, its course over time, 
and its genetic epidemiology. These data challenge Meehl’s emphasis on a 
specifi c etiology by showing that schizophrenia may be best thought of as a 
syndrome that can be described as an open concept that is linked by correla-
tional, rather than necessary or suffi cient, relationships with various symptoms 
and with other forms of  psychopathology. These fi ndings are consistent with 
additional work on the cognitive neuroscience of schizophrenia which I will 
review. Finally, I suggest some ways to make progress when hypothesizing 
about syndromes.

A Legacy of Specifi city and Falsifi ability

A Falsifi able Hypothesis of Schizophrenia

From the podium that night, Meehl hypothesized that “the statistical relation 
between schizotaxia, schizotypy, and schizophrenia is class inclusion: All 
schizotaxics become, on all actually existing social learning regimes, schizo-
typic in personality organization; but most of these remain compensated” 
(Meehl 1962:832). Importantly, for this philosopher of psychology, the theory 
made predictions that were falsifi able. He hypothesized that few individuals 
with schizotaxia (carriers of a dominant schizogene) decompensated to such 
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a degree that they were diagnosed with schizophrenia. Schizophrenia, there-
fore, waited at the end of a probabilistic chain of events. The chain began with 
the inheritance of a dominant schizogene whose proximal effect was synaptic 
slippage, or  hypokrisia. Synaptic slippage affected the organism in a number 
of different ways, including “soft” neurological and psychological signs,  asso-
ciative  thought disorder, and an exaggerated experience of negative feedback. 
These dysfunctions were what then led to the schizotypal personality, as dis-
tinguished by loose associations,  anhedonia, ambivalence, and interpersonal 
aversiveness.

While Meehl broadened the phenotypes that he saw as relevant to schizo-
phrenia, he narrowed what he called the “etiological specifi city” of schizo-
phrenia. In this regard he followed closely on  Bleuler’s 1911 theory that 
schizophrenia was fundamentally a disorder of disconnectivity (Bleuler 
1911/1950), which in its turn was informed by the  Kraepelinian dichotomy 
between schizophrenia and affective psychosis (Kraepelin 1919/1971). Meehl 
stated that “what makes  schizotaxia etiologically specifi c is its role as a neces-
sary condition” (Meehl 1962:831). In the parlance of modern developmental 
psychopathology, Meehl’s theory stressed the  equipotentiality of the dominant 
schizogene, which is to say this single cause might be manifest in a number 
of different ways (Cicchetti and Cannon 1999). Anyone without schizotaxia 
who had the same experiences might develop some other disorder, but they 
would not be schizotypal and they could not go on to develop schizophrenia. 
Therefore, it was not mothering that caused schizophrenia (a popular theory 
among many in Meehl’s audience). Some mothering styles (or other environ-
mental factors) might more readily potentiate a psychotic episode, but these 
could not be considered the ultimate cause.

This theory came at a crucial time, when psychodynamic explanations were 
waning and learning theories were joining with a newer kind of psychology 
that emphasized cognition and affect. Meehl’s became a theory of central im-
portance to schizophrenia, and psychopathology more generally. The early 
work of Irving Gottesman and James Shields (1967, 1972) grew from the per-
spective of a latent biological risk factor that may be expressed in a manner 
other than manifest psychosis. This developed in time into our current concep-
tion of an  endophenotype, or intermediate risk indicator (Gottesman and Gould 
2003). In conjunction with a modern neuroscience of brain mechanisms, this 
concept is central to the U.S. National Institute of Mental Health’s emphasis 
on  Research Domain Criteria (Insel and Cuthbert 2011). Taxometrics (i.e., the 
search for statistically distinct groups within a continuous distribution of such 
indicators) was developed in large part to test Meehl’s schizotaxia hypothesis 
(Faraone et al. 2001). Meehl’s work also resonated in the Danish Adoption 
Study conducted by Seymour Kety, David Rosenthal and colleagues, where 
disease manifestation was found to trace through genes more than environ-
ments, and the fi rst signs of the unexpressed genetic liability to schizophrenia 
would later be described and labeled  schizotypy (Kety et al. 1971). Meehl’s 
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ideas inspired the scales developed by Loren and Jeanne Chapman, who began 
a cottage industry of  self-report scales for identifying people (generally under-
graduate students) at risk for schizophrenia, and later psychosis more broadly 
(e.g., Chapman et al. 1994; Eckblad and Chapman 1983). In a related develop-
ment, the emphasis on a specifi c biological etiology led them to emphasize that 
indicators of that biological etiology need also be specifi c, rather than a general 
risk factor (Chapman and Chapman 1973a). One consequence of this elegant 
idea has been a four-decade long obsession in the experimental psychopathol-
ogy of schizophrenia with the psychometric properties of experimental tasks 
and how well or poorly they match the properties of control tasks (Chapman 
and Chapman 1973b, 1978; MacDonald 2009; Strauss 2001). In the ensuing 
50 years, the impact of the ideas of Meehl’s presidential address has been pro-
found and far-reaching.

The bone of contention for this chapter is not that schizophrenia does not 
have important biological antecedents, or that Meehl had those wrong. Indeed, 
much of Meehl’s theory, including much of his self-deprecating physiologiz-
ing, seems remarkably prescient: description of the nature of failures of syn-
apses would be recognizable as an early formulation of a glutamate or even a 
GABA hypothesis. The concept of a schizophrenogenic mother is dead and 
this chapter will not resurrect her. Nor will this chapter fault Meehl’s conten-
tion, even as late as 1990, that a single major locus underlies schizophrenia 
(Meehl 1990). This is known to be patently wrong. What is most interesting 
about the way in which the theory is wrong is that schizophrenia is not caused 
by schizophrenia genes per se. This assertion lies at the heart of Meehl’s hy-
pothesized specifi c  etiology. What is interesting about it is that schizophrenia 
is caused by genes that encode many proteins, across many brain and nonbrain 
systems. These genes appear to raise the risk for many kinds of psychiatric and 
perhaps other kinds of disorders. Therefore, what is most striking about how 
incorrect Meehl was is how nonspecifi c the biological etiology of schizophre-
nia now appears to be.

Conceptualizing Concepts

What makes schizophrenia troublesome is that it inhabits two worlds at once. 
It is, on the one hand, a  diagnosis, and thus, as a diagnosis, we can determine 
who has it and who does not have it. From there one can go on to ask how com-
mon it is, which treatments do and do not ameliorate its symptoms, and what 
pathophysiological features people with the diagnosis share. As a diagnosis, 
schizophrenia is a  closed concept. Closed concepts are constructs to which one 
can provide a defi nition stating what is necessary and suffi cient for member-
ship. For example, one can state the necessary and suffi cient conditions for a 
fuel-effi cient vehicle or a positive urine drug screen. Just so, diagnoses accord-
ing to the modern  Diagnostic Statistical Manual (DSM) or the  International 
Classifi cation of Diseases (ICD) are closed concepts about symptoms, the 
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impact of which will be covered at greater length in the next section. Meehl’s 
theory also very consciously closes the concept of schizophrenia. The diag-
nosis of schizophrenia applies only to people with a dominant schizogene 
who decompensate. Anyone else who appears to be psychotic (of whom there 
should be very few) does not have schizophrenia but rather a “phenocopy.” 
Unfortunately, this does not comport well with the way the world works.

The other world schizophrenia occupies is the one in which we live, where-
in the disorder is part of a  syndrome. Syndromes are different from diagno-
ses in that they refl ect symptoms and other measurable signs that often occur 
together. Such descriptions are helpful in that the presence of one or more 
features of a syndrome alerts the caregiver to probe for the presence of its 
other aspects. As a syndrome, schizophrenia is an  open concept. The defi nition 
of an open concept cannot be precisely specifi ed; there may be no necessary 
or suffi cient conditions for membership. Instances of an open concept have a 
“family resemblance” to one another, and we recognize members of the class 
by their similarity to exemplars of the concept. Most concepts are open con-
cepts, acquired through experience rather than defi nitions. One could hazard 
a closed concept for a chair, perhaps defi ned as “a piece of furniture designed 
for a single individual to sit upon.” Such defi nitions are beset by boundary 
conditions where reasonable people will disagree. Is a beanbag chair a chair? 
How about a comfortable rock? Of course schizophrenia is not a chair, but like 
a chair, a rigid defi nition can have unintended consequences. It can limit think-
ing and progress by suggesting an artifi cial homogeneity among the members 
of the class and an artifi cial boundary between members of the class and other 
informative conditions.

Schizophrenia is a kind of failure of mental functioning, but it is not a 
particular kind of failure. A laundry list of the symptoms people with schizo-
phrenia or psychosis share with other diagnoses is wide and varied. As with 
 bipolar disorder,  dementia, or  delusional infestations, schizophrenia can give 
people mistaken ideas about the motivations of others. As with  Parkinson’s 
disease, schizophrenia can cause people to perceive things that are not pres-
ent. As with overmodulated  posttraumatic  stress disorder, schizophrenia can 
blunt peoples’ emotional reactions to those perceptions, or like undermodu-
lated posttraumatic stress disorder, schizophrenia can enhance those reactions. 
Like  Alzheimer’s, schizophrenia can result in problems in encoding and recall-
ing information. Phenomenological similarities occur all across medicine and 
are in this sense nothing special. However, they are far from trivial insofar as 
they are often used to guide treatment. People with delusions are often pre-
scribed  antipsychotic medications irrespective of whether their diagnosis is 
bipolar disorder, dementia, delusional infestations, or schizophrenia. People 
with cognitive defi cits have been found to benefi t from computer-guided  cog-
nitive remediation regardless of whether their diagnosis is stroke, Alzheimer’s 
disease, or schizophrenia.
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The  syndrome of schizophrenia is, therefore, not a particular kind of failure 
of mental functioning, it is a constellation of failures that tend to co-occur, 
and this co-occurrence can begin to take on a coherent shape when examined 
across a suffi ciently large group of people. Although much of the remainder 
of this chapter will examine studies that have delineated schizophrenia as a 
closed concept, one with necessary and suffi cient conditions designed for the 
purpose of reliable diagnosis, our purpose is to examine the broader features of 
the syndrome as an  open concept. That is, although much of the data available 
treats schizophrenia the way we wished it would exist in the world for scien-
tifi c purposes, with a specifi c manifestation derived from a specifi c etiology, 
we will avoid this temptation. Instead, we will try to discern schizophrenia as 
an open concept to see if we have the means to examine the spectrum in the 
world that we are given.

Finding Schizophrenia in the World We Are Given

Finding Schizophrenia in the Meta-Structure of Psychopathology

A number  of analytic techniques have been devised over the years to allow 
researchers to ask questions about open concepts, including exploratory and 
confi rmatory factor analysis. One advantage to such methods is that, using the 
data from the world we are given rather than the world we desire, they can help 
determine what an open concept refers to and does not refer to within a single 
framework. Such models thereby specify, within the limits of the granularity 
of the data, what kinds of symptoms group together and, just as importantly, 
what symptoms do not. Although there is a very large factor analytic literature, 
only recently have these tools been aimed at understanding how psychosis fi ts 
within the meta-structure of other symptoms.

Using a combination of exploratory and confi rmatory factor analysis, 
Markon (2010) examined the structure of psychopathology using a British psy-
chiatric epidemiological survey of over 7,000 adults. Here, psychosis symp-
toms were quantifi ed using items from the Psychosis Screening Questionnaire 
and the SCID-II personality disorders screening questionnaire, and analyses 
were performed on the covariation between all the various  DSM-IV criteria. 
In this analysis, a single factor labeled “ thought disorder” was the label used 
for the latent symptom factor most closely associated with the syndrome of 
schizophrenia, or the schizophrenia spectrum. Thought disorder was identi-
fi ed as a higher-order factor defi ned by loadings from  paranoia (.95), disorga-
nized  attachment (.70), infl exibility (.63), schizoid characteristics (.61), and 
 eccentricity (.57) (see Figure 2.1a). In addition to their loadings on thought 
disorder, hostility (.60) also loaded on  externalizing (.30), and  hallucinations 
and delusions (.54) also loaded on  internalizing (.30). Unfortunately,  mania 
was poorly represented among the items included. In addition, the higher-order 
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thought disorder factor was closely associated with the three other factors in 
the model: pathological inversion, internalizing, and externalizing. A second 
study that used interview data from a smaller sample of schizophrenia patients, 
their fi rst-degree relatives, and controls also discerned closely overlapping 
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(a) Elements of Markon (2010) 
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(b) Elements of Wright et al. (2012)

(c) Elements of Kotov et al. (2011)

Figure 2.1  Three models of the meta-structure of psychopathology derived from (a) 
Markon (2010), (b) Wright et al. (2012), and (c) Kotov et al. (2011). Latent symptom 
dimensions are labeled within ovals. Only correlations with thought disorder/psychoti-
cism are reported. Rectangles show indicators of thought disorder/psychoticism and 
are listed in descending order of loading strength. Indicators for other latent symptom 
dimensions are not reported. 1Because Axis I psychotic  diagnosis imposes a series 
of hierarchies, psychotic disorders in Kotov et al. (2011) were grouped into a single 
category and were not further distinguished.
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factors (Tackett et al. 2008). The term “thought disorder” comes from this la-
beling convention and is not meant to convey the more specifi c meanings and 
distinctions associated with thought disorder that occur in the schizophrenia 
literature.

Apparently this structure is also evident in  self-report questionnaires, as-
suming those measures include adequate pathology across the factors. In this 
case, Wright et al. (2012) examined responses from 2,900 undergraduates who 
had completed the 220-item Personality Inventory for DSM-5. This measure 
was designed to be a self-report measure of the 25 facets underlying the pro-
posed personality disorders for DSM-5. As illustrated in Figure 2.1b, the fi ve-
factor solution reported was similar to that found in previous work. There were 
two factors of internalizing disorders (detachment and negative affect) and two 
factors of externalizing (antagonism and disinhibition). Finally, there was a 
factor labeled psychoticism, which was somewhat related to all of the other 
factors (correlations from .25–.44). Psychoticism was most closely related to 
the facets of perseveration,  eccentricity, unusual perceptual experiences, and 
unusual beliefs.

In both Markon’s (2010) and Wright et al.’s (2012) models, there is a high 
to very high rate of covariation between the latent factors. One possibility is 
that the relationships among these higher-order factors refl ect common mech-
anisms that fail across the two disorders that covary. For example, keeping 
distance from one neighbor is rated as an instance of eccentricity and as an 
example of an indicator variable for antagonism. However, it is useful to note 
that this covariation may also have been modeled by a general factor. (For a 
formal model of a general psychopathology factor in a study that did not evalu-
ate thought disorder, see Lahey et al. 2012.) If such a model is appropriate, 
what might this general factor represent? One possibility is that it represents a 
general psychopathology vulnerability factor. A second possibility is that it re-
fl ects the result of psychopathology; that is, the impact of a dysfunction in the 
world that has broad implications for mood and cognition. A third possibility 
it that it is spurious, simply representing a response bias. This third possibility 
could perhaps be addressed to some degree by evaluating this covariation at a 
diagnostic level rather than at an interview or self-report level.

Another study to have looked at the meta-structure of diagnoses was Kotov 
et al. (2011) who examined co-occurrence patterns from diagnostic interviews 
among 2,900 adults seeking outpatient treatment. Because only diagnosis and 
the number of mood episodes were available for analysis, and because Axis I 
psychotic diagnosis imposes a series of hierarchies, psychotic disorders were 
grouped into a single category and could not be distinguished with fi ner grain 
resolution. Even so the best-fi tting model demonstrated fi ve higher-order fac-
tors quite similar to those of Markon (2010): internalizing, externalizing, so-
matoform, antagonism, and thought disorder (see Figure 2.1c). In this case, 
thought disorder also showed the highest loadings for schizotypal personality 
disorder (.91),  mania (.72), psychosis (including schizophrenia and a number 
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of other hierarchical categories of psychoses, .70) and schizoid (.51) personal-
ity disorder. Paranoid personality disorder was signifi cantly related to thought 
disorder (.21), but was also related to internalizing (.36) and antagonism (.41), 
thereby demonstrating one of the most ill-mannered patterns of covariation of 
any of the 28 disorders measures. Therefore, this approach found nothing like a 
Kraepelinian dichotomy between schizophrenia and  bipolar affective disorder.

In addition to relationships between diagnoses and higher-order factors, the 
Kotov model (Figure 2.1c) demonstrated relationships between the higher-
order factors themselves. In this case, thought disorder showed strong relation-
ships with internalizing and antagonism and somewhat lower, but signifi cant, 
relationships with externalizing and even somatoform symptoms. These rela-
tionships, though, were notably lower than when using item-level data. This 
may refl ect the desirable result of removing response biases which could have 
moderately infl ated reports of symptoms across disorders. Alternatively, this 
covariance may mean that information about psychopathology and distress 
which did not meet the cut-off for diagnoses was thrown away and not further 
modeled. Despite using diagnosis-level data, there continues to be evidence for 
a general psychopathology factor. Nested within that general psychopathology 
factor is a thought disorder factor that does not conveniently split schizophre-
nia from any of these other forms of psychosis.

This growing literature approaches  psychosis as an  open concept, guided 
by the covariance structure of symptoms or items as they coalesce into facets 
and syndrome and then into factors. It is reminiscent of the discussion within 
the schizophrenia literature that has percolated since the 1980s, focusing on 
the appropriate factor structure for schizophrenia (for review, see Peralta and 
Cuesta 2001). Note that  in contrast to the meta-structural approach highlighted 
herein, the within-schizophrenia factor structure work has been predicated on a 
diagnostic boundary around the schizophrenia construct (see Corvin et al., this 
volume; Figure 2.1b vs. 2.1c). It does, however, provide a level of granularity 
for resolving  heterogeneity that the meta-structural approach has not yet ad-
dressed. The extent to which these two approaches can mutually inform each 
other requires further exploration.

From this approach, thought disorder emerges as a dimension of psychiatric 
symptoms regardless of whether it is measured using traditional psychiatric 
interviews or self-report scales. The thought disorder factor is most easily ob-
served in samples with high rates of psychopathology, but it can also be ob-
served in healthy samples if the samples are both large enough and the number 
of items with psychotic content is suffi ciently large. In previous work, such 
as in the model of Eysenck (Eysenck et al. 1985), thought disorder was likely 
invisible because as Eysenck’s scales developed, psychoticism items took on 
more of the content of antagonism or psychopathy, perhaps due to the relative 
prevalence in the population of individual differences in antagonism relative 
to thought disorder. Importantly from the perspective of thinking about schizo-
phrenia as a specifi c, taxonic entity as Meehl would suggest, thought disorder 
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here is distinct from, but correlated with, other psychiatric symptom dimen-
sions, such as internalizing and externalizing, even when looking at diagnoses 
rather than self-report as a means to control for response bias. Still, this is only 
a partial control. Perhaps specifi city for the diagnosis would be more evident 
when examining children at risk for developing the disorder.

Finding Schizophrenia in the Development of Psychopathology

Studies of children  at risk for developing schizophrenia have a long tradi-
tion dating back to the early 1970s (Erlenmeyer-Kimling and Cornblatt 1987; 
Erlenmeyer-Kimling et al. 1984). Initially, these projects targeted only the off-
spring of schizophrenia patients as a means to enrich the sample that would 
eventually convert to psychosis. As the number of risk indicators increased, 
 family history of schizophrenia became only one of several criteria for being 
considered at high risk for converting to psychosis. A number of studies have 
now used multivariate combinations of signs and symptoms to predict onset 
of a psychotic syndrome, defi ned as a more-or-less open concept with various 
criteria depending on the needs and data available to the investigators (for a 
review, see Goldstein et al. 2010). In one study,  genetic risk for schizophrenia 
with recent functional deterioration, unusual thought content, suspiciousness, 
social impairment, and a history of  drug abuse were the strongest predictors 
of decompensation to psychosis within 2 1/2 years (Cannon et al. 2008). A 
number of such schemes now exist that allow us to speak with varying levels 
of precision about ultra high-risk status and  at-risk mental states (Goldstein et 
al. 2010; Yung et al. 2007, 2008).

While much of this work has focused on prediction of psychosis, there is 
a growing sense that such states do not specifi cally predict schizophrenia, or 
even a broader vulnerability to the schizophrenia spectrum. Reports focusing 
on the offspring of patients as a single risk factor report signifi cant increas-
es in any kind of psychosis with and without concurrent affective disorders 
and some cases show nonsignifi cant increases in affective disorders without 
psychosis (Goldstein et al. 2010). This is consistent with more recent work, 
mostly discussed at conferences but not yet published, where there is growing 
evidence that at-risk mental state criteria capture a population of youth who 
are vulnerable to a much wider variety of psychiatric conditions. One report 
on nonconverters selected for being at clinical high risk for schizophrenia re-
ported high levels of  anxiety and  depression at both baseline and follow-up 
(Addington et al. 2011). It was noted that these levels declined from baseline 
but remained elevated.

Longitudinal studies of this nature are critically important if we are to re-
alize the goal of preventing schizophrenia. Interestingly they provide some 
insight into the broader swathe of mental disorders for which these young peo-
ple are at risk and which, in the face of effective prevention programs, might 
be ameliorated. However, given samples that number in the hundreds, they 
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may be of limited power to refl ect the equipotential of genes that represent 
the schizophrenia spectrum. In addition, the direction of inference is upside 
down if our effort is to challenge the specifi city of schizophrenia as defi ned 
by  Meehl. An ardent defender of a schizogene taxon might say that the cases 
which did not go on to develop schizophrenia still had  schizotypy or were only 
mistakenly believed to be at risk for schizophrenia initially, due to imperfect 
inclusion criteria of the  at-risk mental state.  It may therefore be particularly 
useful to examine even larger, epidemiological cohorts to determine how the 
presentation of the disorder changes over time.

Finding Schizophrenia in the Course of the Disorder

Another way of asking the developmental question is to determine what, if 
any, changes in  diagnosis occur over the course of the disorder. This question 
has frequently been asked in the context of whether subtypes of schizophrenia, 
such as catatonic or paranoid, are consistent over time. This approach is useful 
for the purpose of determining whether these subtypes are natural kinds. In 
fact, the subtypes have proved to be of such little use that they will not continue 
to be used in DSM-5 (Tandon and Carpenter 2012). Similar strategies can de-
termine how the diagnosis of one disorder affects risk for other disorders later 
in life. One study examined more than 16,000 Danes born between 1955 and 
1991 and admitted to the nation’s psychiatric clinics or hospitals with a diag-
nosis of schizophrenia, schizoaffective, or  bipolar affective  disorder (Laursen 
et al. 2009). In relying on chart diagnoses, one must assume subsequent di-
agnosticians would rely to a great degree on previous psychiatric diagnoses, 
thereby lending an artifi cial high consistency to diagnoses that truly indepen-
dent raters would not experience. Indeed, in smaller studies a much higher rate 
of diagnostic hopping has been reported using independent research diagnoses 
(Bromet et al. 2011). Still, given the rarity of these disorders it does not take a 
large number of shifts to new diagnoses to discern signifi cant levels of  comor-
bidity, based on the likelihood of switching from one diagnosis to another irre-
spective of which diagnosis was made fi rst. Here, risk for bipolar affective dis-
order among patients diagnosed with schizophrenia and vice versa was twenty 
times higher by age 45 than the risk for either disorder in the general popula-
tion. Risk of schizoaffective disorder converting to schizophrenia or vice versa 
was sixty times higher, whereas risk for schizoaffective disorder converting to 
bipolar affective disorder was over one hundred times higher. These fi ndings 
are largely consistent with analyses of the meta-structure of psychopathology, 
insofar as the manifestation of one of these disorders markedly increases the 
likelihood of manifesting another subsequently. These data are somewhat diffi -
cult to interpret, however, as they may be infl uenced by help-seeking behaviors 
or refl ect comorbidity only in those most liable for psychiatric conditions. One 
way to improve on this perspective might be to examine comorbidity within 
families to examine the etiologic specifi city of liability genes.
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Finding Schizophrenia in the Genes of Families

To test whether the relationships among latent symptom dimensions are spu-
rious is to examine whether genetic risk is transmitted in a manner consis-
tent with a general thought disorder factor that is also signifi cantly related to 
other symptoms factors. Two early studies that asked whether genetic risk for 
schizophrenia was specifi c or shared with other psychiatric disorders suggest-
ed some level of specifi city (Kety et al. 1971; Onstad et al. 1991). However, 
 genetic  epidemiology for rare disorders requires large sample sizes, and these 
studies were of a more modest scale. Two other recent studies have found 
that, in the same populations from which the earlier samples were drawn, ge-
netic risk does indeed appear to be shared with other psychiatric disorders. 
One study, which looked at the families of 35,000 people with schizophrenia 
and another 40,000 with bipolar disorder, reported that risk for bipolar disorder 
among the parents and offspring of schizophrenia patients (relative risk 5.2%; 
95% CI 4.4–6.2) was similar to risk for bipolar disorder among the parents and 
offspring of bipolar patients (relative risk 6.4%; 95% CI 5.9–7.1) (Lichtenstein 
et al. 2009). The relatives of bipolar patients were also at a signifi cantly in-
creased risk of schizophrenia, although this was somewhat lower than the risk 
among the relatives of schizophrenia patients. A second study went beyond 
bipolar disorder to examine the genetic epidemiology of psychiatric disorders 
more generally, including developmental disorders, in the entire population of 
Denmark (Mortensen et al. 2010). In addition to schizophrenia, the relatives 
of schizophrenia patients were at increased  risk for eight other types of psy-
chiatric disorders, including bipolar and other affective disorders,  substance 
use, as well as personality and “other” mental disorders. The exceptions were 
nonsignifi cant increases in risk for  Alzheimer’s disease only in the offspring of 
schizophrenia patients, and for bipolar affective disorder only in the siblings, 
but not the parents, of schizophrenia patients. Though beyond the scope of this 
review, there is a growing catalog of the specifi c genetic polymorphisms and 
mutations that show up as risk factors for multiple psychiatric disorders (e.g., 
Fanous et al. 2012).

Taking a long view, schizophrenia, or  dementia praecox, was originally 
conceived of as an  open concept in terms of its signs and symptoms. Over time, 
the openness of the original diagnostic concept became reifi ed or treated as an 
object for study and treatment. The fact that this may have occurred for good 
reasons (e.g., to generate falsifi able hypotheses or reliable diagnostic catego-
ries) may not justify clinging to the  nosology of a  closed concept if it detracts 
from scientifi c and clinical progress, for example by artifi cially polytomizing 
psychopathology into bins to be studied in isolation. The desire for having a 
closed concept of schizophrenia serves as the proverbial lamppost under which 
we are looking for keys we dropped; despite all the evidence to suggest that we 
dropped our keys somewhere in the shadows where concepts are not so clear 
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cut, we keep hunting within this little pool of light because that is where we 
are comfortable looking.

I have argued here that the statistical and methodological tools developed to 
address open concepts show that schizophrenia shares features and risk factors 
with a number of other diagnoses characterized by thought disorder. Thought 
disorder is, in turn, related in some way to other disorders on the  internalizing 
and  externalizing spectra.  Meehl and other theorists would have predicted that 
there would be evidence for a specifi c etiology of schizophrenia. Instead, not 
only is genetic risk for schizophrenia shared with related forms of thought dis-
order, there is also evidence that some aspects of genetic risk are quite general. 
That is, risk is conferred across psychiatric symptom factors broadly. Given 
that we have failed to fi nd specifi city at the level of signs and symptoms, let us 
now examine whether cognitive or affective mechanisms have been useful in 
characterizing specifi c aspects of thought disorder.

Pinpointing the Cognitive Mechanisms 
That Underlie Schizophrenia

In arguing above for schizophrenia as an open concept, I made the points that 
schizophrenia shares symptoms, a developmental course, and etiological fac-
tors with a number of schizophrenia spectrum disorders. It also shares etiologi-
cal factors and symptoms with other serious and persistent mental disorders, 
such as bipolar affective disorder and, to a lesser degree,  unipolar depression 
and the internalizing spectrum, and perhaps also  attention defi cit disorder and 
the externalizing spectrum more broadly. In addition, it certainly shares symp-
toms, and may share some etiological factors, with disorders of aging such as 
  Alzheimer’s disease. Still, this may not be considered particularly strong evi-
dence against a  closed concept of schizophrenia. Could there not still be a core 
cognitive dysfunction from which thought disorder cascades? Such a cognitive 
process might refl ect Meehl’s hypothesized development of  schizotypy, such 
as a loosening of associations, a lack of pleasurable responses, indecisiveness, 
or negative responses to interpersonal interactions. Alternatively, failure might 
be more evident as the direct effect of  schizotaxia refl ected in “soft” neurologi-
cal and psychological signs,  associative  thought disorder, or abnormalities in 
processing negative feedback. A failure of  working memory functioning has 
also been suggested as an alternative failure from which other psychotic symp-
toms follow (Goldman-Rakic 1991). Therefore, one thing that would be useful 
to fi nd would be a cognitive process—and by this I mean to include affective 
and interpersonal processes—that was awry in schizophrenia.

There has been evidence at one point or another for failures in all of these 
processes in schizophrenia patients. The problem is an abundance of  cognitive 
impairments, because the literature is rife with such cognitive impairments. 
This widespread reduction in patient performance has been spoken of as a 
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generalized defi cit. To date, the largest and most consistent signal associated 
with patient performance is the generalized defi cit. Across a broad variety of 
tasks, the  generalized defi cit is about 1.0 standard deviation (Dickinson et al. 
2007). In comparison to effect sizes in other domains, such as pathophysiol-
ogy, this generalized performance defi cit remains the most reliable way to 
distinguish patients from controls (Heinrichs 2005). Performance defi cits of 
this magnitude might refl ect medication side effects or some other impact 
of the condition, such as demoralization. Medications generally do little to 
ameliorate this defi cit in performance (Green et al. 2004a), but there is little 
evidence to suggest that medication or other treatment factors are primarily to 
blame. Prospective studies show that in many cases these defi cits appear to be 
present well before the disorder is diagnosed (Brewer et al. 2006). The defi cit 
may also refl ect part of the genetic liability of schizophrenia. A defi cit with an 
average magnitude of about .34 standard deviations is also found across many 
neuropsychological tasks in unaffected fi rst-degree relatives of patients with 
schizophrenia (Snitz et al. 2006).

This evidence of a generalized defi cit among patients with schizophrenia, 
somehow related to an unexpressed genetic liability, has been largely unsat-
isfactory. Some scholars have responded by arguing that the appearance of 
a generalized defi cit, like thought disorder itself, could result from a failure 
of a specifi c process that just happens to be required for all tasks. For ex-
ample, the observations of  Kraepelin,  Bleuler, and others inspired the notion 
that attentional processes may be particularly disturbed in schizophrenia pa-
tients. Intelligence and neuropsychological tests require attention to the test 
administrator and the stimuli to perform accurately. Therefore, a specifi c defi -
cit in  attention might impair performance on tests of many different abilities. 
Numerous studies support this notion; patients are impaired on tasks thought 
to tap attention, generally studied as  selective  attention (Luck and Gold 2008). 
One supportive piece of evidence is that an impairment on a putative attention-
al task, the  AX  continuous performance task (CPT), was more predictive of 
conversion to psychosis than any other test in the classic  New York High-Risk 
Project (Cornblatt and Erlenmeyer-Kimling 1985). However, the case based 
on this evidence is problematic for the following reason: in the context of a 
disorder with a large generalized defi cit, one needs to demonstrate a differen-
tial defi cit; that is, a defi cit over and above the impaired performance on other 
tasks (Chapman and Chapman 1973b). This is often accomplished in terms of 
a group by task interaction. However, this approach is only valid if the tasks 
being compared are psychometrically matched. This means that the tasks must 
be at least equally sensitive to a generalized defi cit, a criterion that rarely oc-
curs by chance. (Additional approaches to this problem have been discussed by 
Knight and Silverstein 2001.) Due to this tangle we do not know, for example, 
whether the children who went on to become schizophrenia patients performed 
worse on the AX-CPT because they had a specifi c defi cit in selective attention 
or whether the AX-CPT was simply more sensitive to their generalized defi cit. 
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Cornblatt and Erlenmeyer’s fi nding is in no way unique in this regard; another 
large-scale prospective study found  verbal memory performance discriminat-
ed prodromal individuals from controls, and among prodromes it predicted 
a faster conversion to psychosis (Seidman et al. 2010). Since this was not a 
differential defi cit, it is unclear whether there was anything special about this 
cognitive domain, or simply something special about the test; that is, it was the 
most sensitive instrument to variation in a generalized defi cit that was what 
really predicted the  outcome.

The desire to understand schizophrenia by determining what specifi c and 
differential  cognitive defi cit underlies patients’ generalized defi cit has moti-
vated some investigators to adapt experimental cognitive tasks for studying 
individual differences in clinical traits such as psychosis (Carter and Barch 
2007; MacDonald and Carter 2002). These efforts have still to yield a defi ni-
tive account of how any specifi c defi cit may underlie the generalized defi cit, 
much less how any specifi c defi cit may lead to the symptoms of schizo-
phrenia. An example of the problem comes from two research programs, 
which have been mindful of the interpretive snarls in patients’ performance, 
that have examined two very different functions of the brain:  visual inte-
gration and  context processing. First, visual integration is the capacity to 
extract larger percepts from a fi eld of stimuli. Because this is generally quite 
easy, Silverstein and colleagues (Silverstein et al. 2000, 2012b; Uhlhaas et 
al. 2004) developed a task which places a larger circle among a fi eld of ir-
relevant stimuli to make it more diffi cult to integrate the pieces of the circle. 
By manipulating the strength of the signal that unifi es the edges of the circle, 
it can be made to disappear into the background in the manner that traces 
each participant’s psychometric function suggestive of a specifi c defi cit. The 
psychometric functions of patients with schizophrenia show much lower lev-
els of visual integration than controls. At the other end of the brain, namely 
the prefrontal cortex, investigators have been studying context processing. 
Context processing refers to the aspect of cognitive control that represents 
and actively maintains task-relevant information despite subsequent noise, 
and is in this way related to both  selective  attention and some aspects of 
 working memory. Using a variant of the  AX- CPT, Cohen and colleagues 
have demonstrated a differential defi cit in one condition of the task sensitive 
to context processing relative to another condition that does not measure con-
text processing but is of similar diffi culty and therefore, perhaps, as sensitive 
to a generalized defi cit (Cohen et al. 1999; Jones et al. 2010a; MacDonald 
et al. 2005b). While it would be simplest if patients had only one specifi c 
defi cit, evidence for two or more specifi c defi cits might be useful if they 
refl ected different aspects of the condition. Indeed, the two tasks draw upon 
two very different networks: visual integration relies largely on visual corti-
ces (Silverstein et al. 2009a) whereas context processing relies primarily on 
prefrontal-parietal networks (e.g., MacDonald et al. 2005a). Unfortunately, 
the two tasks appear to refl ect on the same aspect of psychotic heterogeneity. 
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Performance on both tasks was related to disorganization symptoms to about 
the same degree: r = .47 for  visual integration (Silverstein et al. 2000) and r 
= .41 for  context processing (Cohen et al. 1999; see also Gold et al. 2012). 
One could be forgiven for seeing these efforts as again identifying factors 
related to general disease severity rather than lighting upon a special key for 
understanding schizophrenia.

The prominence of the generalized defi cit in schizophrenia gives rise to 
another line of thinking. There has long been a notion of “g,” known also 
as generalized intelligence or positive manifold (Spearman 1904). The broad 
nature of the generalized  cognitive defi cit in schizophrenia raises the question 
as to whether  thought disorder in broader population studies and  disorgani-
zation in patient studies refl ects a “defi cit g” or a negative manifold. Recent 
work addressing this question in an epidemiological sample examined the 
siblings and  twins of people who went on to develop schizophrenia (Fowler 
et al. 2012). This study found that the genetic correlation between schizo-
phrenia liability and intelligence was modest but signifi cant: –0.26. The fact 
that this relationship is not stronger may refl ect limitations of the  assessment 
battery. Standardized tests for military service from which these data were 
drawn may not be optimized for probing the relevant portion of the distribu-
tion. Alternatively, they may refl ect the fact that psychosis, while signifi cantly 
related to cognitive ability, also stands apart from this additional generator of 
individual differences.

In this section we sought to determine whether specifi c cognitive processes, 
to include both affective and interpersonal processes, could help us determine 
whether there was a key cognitive mechanism whose failure led to schizophre-
nia. This is an ill-posed question because a defi nitive answer requires a thor-
ough search of all possible cognitive mechanisms. Even so, to date the litera-
ture shows that the most prominent aspect of schizophrenia-related cognition 
is the generalized defi cit. Many have argued for a number of specifi c defi cits 
(Cohen and Servan-Schreiber 1992; Grace 2000; Hall et al. 2009; Howes and 
Kapur 2009; Phillips and Silverstein 2003), and it still may be the case that a 
single defi cit, or a canonical cortical dysfunction (Carandini and Heeger 2012), 
rooted in a basic and widespread aspect of cortical circuitry, accounts for a 
wide range of observed cognitive impairments in schizophrenia. For our cur-
rent purpose, suffi ce it to say that a cognitive perspective has not yet provided a 
key for unlocking the nature of schizophrenia and, given the effort and intellect 
thus far expended, we must consider the possibility that it cannot. It appears 
to have struck upon some of the same, poorly bounded psychopathological 
severity that we observed when considering symptoms, development, course, 
and genetics. Thus, let us move on to the question of how to make scientifi c 
progress with this ill-defi ned construct as we fi nd it in the world. To do this, I 
will suggest that we turn for inspiration from experimental psychology to the 
engineering sciences.
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Falsifi cation and Failure Modes

For the purposes of record keeping and billing, there is nothing as reassuring 
as a nicely delineated category. This intuition has infused our science with the 
ideal of rigorous defi nitions and of necessary and suffi cient conditions. We 
are seduced into thinking that we need  closed concepts to formulate strong, 
falsifi able hypotheses. In this fi nal section, let us consider whether science and 
treatment are hindered by  open concepts and, if so, whether this cost can be 
reduced in any way.

Clinically, psychiatrists and other clinicians treat disorders one individual, 
even one story, at a time. In much of practice, diagnostic criteria are used 
to generate questions about symptoms that may not be proffered. The treat-
ment itself, however, is more often focused on symptoms, or even anecdotes. 
Thus, whether you come to a psychiatrist with schizophrenia or Alzheimer’s 
disease, if the presenting symptom is persecutory ideation you are likely to be 
prescribed an  antipsychotic medication and it will be a D2  dopamine antago-
nist. Unfortunately, if you present with prominent negative symptoms, whether 
from schizophrenia or  posttraumatic stress disorder, the psychiatrist will not 
have a particularly rich armamentarium. So, a more open conception of psy-
chosis  may not imply major changes in clinical practice. In science, though, 
one of the reasons we are reluctant to move toward a more open conceptualiza-
tion of thought disorder and the psychosis spectrum is a concern that we lack 
the tools for thinking about how insuffi cient and unnecessary factors can infl u-
ence each other in a manner that results in disordered thought. Even where we 
are comfortable thinking about such things, it is a challenge to build falsifi able 
hypotheses about causes that are diffi cult to characterize. This reluctance may 
give way to enthusiasm, or even obviousness, should the proper tools be made 
available for understanding what kind of a thing schizophrenia is. 

We have already alluded to some of the statistical tools that can be used 
to gain an understanding of the type of a thing that comprises schizophrenia. 
Confi rmatory and exploratory factor analyses and model fi tting cope with open 
concepts through covariance structures. Also in the domain of modeling, but 
of a different sort, artifi cial neural networks work from exemplars of a concept 
rather than explicit defi nitions. This provides neural networks with fl exibility 
to integrate more information as a means to, for example, discriminate between 
two groups or predict symptoms from brain data. A branch of the engineering 
sciences known as  reliability engineering may provide another complementary 
tool to allow us to integrate studies and make explicit hypotheses about open 
concepts.

Reliability engineering, a subdiscipline of systems engineering, addresses 
the capacity for a system (in this case the brain) to perform its required func-
tions within specifi ed parameters over the course of its lifetime. The psychiat-
ric equivalent of  nosology and pathophysiology is a failure modes and effects 
analysis. In reliability engineering, a failure is defi ned as “the termination of the 
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ability of an item to perform a required function” (International Electrotechnical 
Commission 1990). It may be odd to think of the brain as an item, but it is quite 
common to think of it as a system “designed” as it were by evolution, with 
many components that work in concert. It is certainly not a stretch to imagine 
those components having a range of operations, and for any one of them to fail 
to perform its required function within that system. A failure mode is the effect, 
or the symptoms, by which such a failure is observed for that item.

I submit for consideration that what we call thought disorder broadly pre-
sents several failure modes of the brain. This is perhaps most easily thought 
of as one failure mode for the moment. This failure may represent a small and 
limited failure event, which simply refl ects a failure in that particular state. A 
failure may also be more extensive, called a fault, which implies the failure is 
a trait and that in most cases the system will not be able to perform a required 
function. Such a trait could be thought of as what we call “schizophrenia.” The 
idea of failures and faults would certainly be recognizable to  Meehl, as they 
are refl ected in the theory of  schizotaxia as subthreshold signs of vulnerability 
or  schizotypy, and only in some cases would this lead to a fault: fully decom-
pensated schizophrenia. However, the perspective of failure modes and effects 
analysis would seem to open up a number of additional ways of thinking about 
the problem of schizophrenia, thereby providing access to formal thinking and 
tools for examining the brain system and its schizophrenic failure modes. 

Consider Figure 2.2a, which illustrates a conceptual framework introduced 
by Cannon and Keller (2006) for thinking about the cascading and cumulative 
effects of different genes on the manifestation of the disorder. This framework 
was introduced to provide a unifying model for the many diverse gene systems 
implicated in the schizophrenia diatheses and to illustrate a systematic set of 
hypotheses about how endophenotypes up and down the  watershed  might be 
more or less related to their sources (genes and perhaps environmental or sto-
chastic factors) and more or less related to their  outcome (schizophrenia, or 
system failure). For example, Cannon and Keller use a working memory defi -
cit as an example of an  endophenotype that may be the result of many genes 
(not) working together. This, in turn, may work with other endophenotypes to 
increase risk for symptoms, which are then very likely to be manifest as a dis-
order. Along the way, none of the contributors to working memory defi cits are 
necessary or suffi cient. Similarly, no endophenotype is necessary or suffi cient 
for the expression of symptoms. The particular mix of tributaries, however, 
will contribute to the heterogeneity of symptoms observed in the symptoms 
and the disease presentation, as suggested by the width of the watershed at the 
terminus. By providing a framework for conceptualizing how diverse factors 
might summate, the watershed model approaches the failure mode idea of reli-
ability engineering. It may have a number of additional virtues, but one thing it 
does not do is make explicit predictions. To the contrary (correctly, I believe), 
it tells the scientist what kind of prediction not to make about schizophrenia 
(one gene or neurotransmitter system → one mechanism → one disorder). It 
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would be more useful to have a framework that allowed us to combine these 
tributary factors within a more explicit framework.

Figure 2.2b illustrates a way in which the watershed framework might be 
reconceptualized as a  fault tree analysis. Fault tree analysis is an approach de-
veloped by Bell Laboratories in the 1960s for the U.S. Defense Department us-
ing a reliability engineering approach. The tree is a top-down structural model 
that shows the logical paths connecting various contributing causes and speci-
fying the manner in which these can lead to a system failure (ReliaSoft 2012; 
Ericson 2011). Among other virtues, for example, it allows one to calculate the 
likelihood of a system failure if the likelihoods of the constituent events are 
known. For example, the reliability of the fi rst OR gate (the likelihood of it 
not contributing to a system failure) is equal to the product of the reliabilities 
of all its constituent events (e.g., RA × RB × RC). In turn, the reliability of the 
top AND gate is equal to the sum of the reliabilities of its constituent events 
minus the likelihood of both failures occurring (e.g., RA × RB × RC + RD × RE 
× RF – [RA × RB × RC × RD × RE × RF]). Such calculations could therefore cas-
cade through the diagram. Conversely, the likelihood of a system failure can 
be taken into account to push the algebra backward to identify failure rates of 
constituent events needed.

The scheme may provide a number of advantages for psychopathologists, 
and the study of schizophrenia in particular, insofar as it suggests ways in 
which we might pull apart and systematize the complexity of these disorders. 
The diagram and these operators just scratch the surface of the kinds of caus-
al relationships available for consideration in such an analysis. To whet the 
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Figure 2.2  Two frameworks for understanding complex etiology: (a) Watershed 
model after Cannon and Keller (2006). PFC = prefrontal cortex. (b) Fanciful fault tree 
diagram illustrating the Boolean logic gates that connect contributory factors or events 
(A–M). For an AND gate, all factors must be present; for an OR gate, any factor must 
be present; for a “Voting OR” gate (e.g., 2/3), a minimum number of factors must be 
present (after Cannon and Keller 2006).
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appetite, other such gates include exclusive OR (XOR), priority AND, load 
sharing, standby, sequence enforcing, inhibiting, and transfer gates—each with 
its own computational characteristics. An additional role for a formal fault tree 
analysis is that it allows one to make more objective calculations about where 
an intervention is likely to be most effective in improving the overall reliability 
of the system.

From Equipotentiality to Multipotentiality

To anyone who already recoils at how people are treated like machines in mod-
ern medicine, the reliability engineering approach will only confi rm their worst 
suspicions. However, for those of us who believe the choice between open con-
cepts and falsifi able hypotheses is a false choice, reliability engineering, gener-
ally, and fault tree analysis, more specifi cally, may be particularly appealing. 
This is because it provides a means to model explicitly how multiple miniscule 
factors, none of which are necessary or suffi cient, can summate into a disorder 
like schizophrenia with its personal tragedies, family crises, and large societal 
costs. In the parlance of development psychopathology, this is  equipotentiality 
(Cicchetti and Cannon 1999), and it suggests that there are multiple pathway 
models of disease development.

Whereas one of the shortcomings of the watershed analogy is that the up-
stream factors might be thought to contribute inevitably to downstream mani-
festation, like water fl owing downhill, the fault tree is better able to capture ba-
sic facts about the etiology of schizophrenia. For example, a fault tree could be 
used to explain why heritability of liability to schizophrenia might be 80%, but 
MZ twin concordance could be only 50%. That is, most of the ultimate factors 
are genetic, but those genes must combine with nongenetic (stochastic or envi-
ronmental) factors that now serve as rate-limiting factors and reduce the genes’ 
penetrance. It may also be relevant to heterogeneity in  treatment response, and 
could be applied to understanding how premorbid functioning affects clinical 
presentation and outcomes. Most importantly, such explicit models allow for 
testable, albeit more complicated, hypotheses.

The careful reader may not yet be convinced of the usefulness of a fault 
tree analysis for understanding schizophrenia as a failure mode of the brain. 
The central pillars of this chapter have been the lack of a specifi c etiology for 
schizophrenia and the lack of a consistent presentation of the disorder, across 
people and within the same person over time. If there is one thing the fault tree 
analysis clearly does, it is that it uses a diverse set of risk factors to predict a 
specifi c failure. Figure 2.3 illustrates another fanciful diagram, insofar as the 
causes and relationships refer to no particular factors or disorders in particu-
lar. It does, however, suggest two ways in which fault tree diagrams may be 
superimposed or combined to generate  comorbidity. The comorbidity between 
Disorder 1 and Disorder 2 is driven by the factors A–F that can lead people, 
depending on the status of conditions G–M, to have just Disorder 1 or both 
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Disorder 1 and Disorder 2. Disorder 1 can also be caused by other, completely 
unrelated, factors. Comorbidity between Disorder 2 and Disorder 3 is driven 
by J and K. Together, J and K are one of several potential risk nodes needed for 
Disorder 2. Together with another set of distinct risk factors, J and K contribute 
to Disorder 3. In this manner, the kinds of patterns of comorbidity observed in 
Figure 2.1 can be hypothesized and evaluated.

A reliability engineering research program may proceed from several 
angles. Currently, we examine whether people with schizophrenia are more 
likely to have a particular etiological factor. Fault tree diagrams could allow 
one to test specifi c predictions about rates of psychiatric morbidity in people 
with a particular etiological factor, or better yet across multiple etiological 
factors. Alternatively, one could test predictions about rates of various etio-
logical factors in people with a particular condition. Such hypotheses could be 
bootstrapped using  data mining techniques to identify the key etiological fac-
tors and their interactions to quantify their impact on schizophrenia or related 
conditions; analyses could then be extended to examine the impact of those 
etiological factors on “near-by” disorders. 

Working With the Heterogeneity of Thought Disorder

Conceptualizing schizophrenia  as being the fi nal manifestation of a single cause 
propagated through a series of further probabilistic conditions and events, as 
proposed by  Meehl (1962, 1990), was a productive spur for innovative re-
search about the etiology of schizophrenia. Many other theories have followed 
that likewise propose a specifi c etiology. Unfortunately, theories predicated 
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Figure 2.3  Fanciful layered fault tree diagram allowing for hypotheses about sources 
of comorbidity. XOR = exclusive OR; 3/5 = “3 out of 5 Voting OR” gate (see Figure 
2.2). Note that here disorder represents any particular failure mode of the brain, includ-
ing a failed mechanism, decreased ability, or psychiatric symptom.
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on specifi c etiologies have also led us astray. For example, we were overly 
optimistic about the probability of fi nding schizophrenia genes and the speci-
fi city inherent in such theories fails to predict the blurring of diagnostic lines. 
This blurring of lines is refl ected in the comorbidity of psychotic symptoms 
with other affective and interpersonal symptoms, the nonspecifi c risk associ-
ated with prodromal states, and patients’ movement across mutually exclusive 
diagnostic boundaries over the course of a lifetime.

In this chapter I have grappled with the question of what kind of a thing 
is schizophrenia, given a broader view of symptom co-occurrence, develop-
ment, and  genetic  epidemiology. The perspective that I have adopted here still 
pushes us toward the conclusion that schizophrenia is part of a broader, open 
concept of a thought disorder syndrome. In the space available, I have not un-
packed and addressed all of the data that defenders of a specifi c etiology and 
pathophysiology might bring to bear. Thus, an important discussion to have 
is whether there is remaining evidence of such specifi city that provides an 
intellectual redoubt of specifi city for the disorder. Such a foundation may be 
built of pharmacological, neuroanatomical, or cognitive evidence; in its cur-
rent state, molecular genetic evidence would appear to be an unlikely source 
of such fi ndings.

Thought disorder syndrome may represent a failure mode of the brain, of 
the kind that can be quantifi ed and illustrated using a fault tree diagram. Such 
a perspective may be useful for reconciling and organizing diverse fi ndings 
across the study of schizophrenia. This possibility opens a number of ques-
tions, some of which focus on the idea of a fault tree analysis itself:

1. If the brain is a graded system, its performance is more akin to small 
differences contributing to variability rather than failures. Is the brain 
really even amenable to fault tree analysis, which focuses on a dichoto-
mous outcome?

2. If so and the brain is amenable, what are the main branches of a fault 
tree analysis? What are the contributory components to those branches?

3. Are our measurement tools and hypotheses of a suffi ciently precise 
nature to test specifi c branches of a fault tree for psychosis?

4. Many defi cits associated with thought disorder appear to propagate into 
diverse domains of cognition and behavior. Is a fault “web” of causality a 
more appropriate representation of events rather than a top-down “tree”?

Another set of questions relates to  nosology. For example, how does a fail-
ure mode perspective of psychopathology refl ect on new nosological sys-
tems, such as  DSM-5 put out by the American Psychiatric Association or the 
 Research Domain Criteria (RDoC) defi ned by the U.S. National Institute of 
Mental Health? DSM-5 is built around a system of categories that largely ig-
nores these sources of comorbidity. RDoC is built around cognitive neurosci-
ence mechanisms. As RDoC is conceptualized, mental disorders manifest as 
a failure of one or several of these mechanisms. Can the tools of reliability 
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engineering be integrated within these frameworks to account for this evidence 
of  nonspecifi city of thought disorder, and its relationships with other forms of 
psychopathology?

Finally, is there a category of risk factor that is general across the thought 
disorder spectrum, or across psychopathology even more generally? For exam-
ple, the established  risk factors for schizophrenia include a number of general 
stressors such as age, season of birth,  prenatal factors,  substance abuse,  ur-
banicity, minority or  migrant status, autoimmune disease, and  socioeconomic 
development. Are these also risk factors for other psychiatric and neurological 
disorders?

Our understanding of schizophrenia,  psychosis, and thought disorder has 
been guided by the work of many great thinkers. Findings from the last fi fty 
years have pushed us toward an ever more inclusive view of the causes and 
effects of the constellation risk factors and symptoms related to schizophrenia. 
If we are to systematize and build upon this literature, the next fi fty years will 
require better use of our tools to cope with  open concepts.
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How the  Diagnosis of 
Schizophrenia Impeded the 

Advance of Knowledge 
(and What to Do About It)

William T. Carpenter Jr.

Abstract

Schizophrenia is sometimes conceptualized as a disease entity where all patients share 
the same fundamental causal mechanism and core brain pathophysiology. Alternatively, 
it is viewed as a  clinical syndrome comprising several different causal mechanisms 
and pathophysiologies. In the latter concept, differences between individuals may be 
substantial and this heterogeneity reduces the power of most study designs. Currently 
schizophrenia is viewed as a mental disorder with implications of a clinical syndrome 
and without compelling evidence of a homogeneous disease. Most investigations over 
the past century, however, have been designed without addressing  heterogeneity. Ac-
quisition of knowledge has thus been impeded.

Recent paradigm shifts in the schizophrenia construct are intended to provide more 
valid and more robust approaches to new knowledge. These include:

1. Identifying patient subgroups to enrich study cohort homogeneity on causal 
pathway and pathophysiology.

2. Deconstructing schizophrenia from the top down by identifying key domains 
of psychopathology using each domain as the pathology of interest.

3. Approaching the deconstruction from the level of the neural circuit or  behav-
ioral construct to investigate molecules, genes, and pathways related to known 
neural circuits and behavioral constructs which, in turn, are related to  psycho-
pathology domains.

4. Using stages of vulnerability development prior to fully manifest schizophre-
nia as study targets, to conceptualize causal pathways to early vulnerability that 
are not specifi c to schizophrenia as well as later stages associated with patho-
logical variables which have greater disorder-outcome specifi city.
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The fi rst paradigm shift can be informative for a form of schizophrenia that may not 
generalize to all forms of the disorder. The last three provide for more specifi c study 
targets but address pathologies that will cut across current disorder boundaries. The 
fourth paradigm, in particular, calls attention to preventive and resiliency factors as 
well as causal factors.

Introduction

Schizophrenia is a mental disorder with the status of a clinical syndrome rather 
than a specifi c disease entity. The central thesis presented here is that equat-
ing a heterogeneous clinical syndrome with a disease entity has impeded the 
acquisition of knowledge. For over 100 years, the paradigm of schizophrenia 
as a disease entity has been dominant, and the implications of this have been 
profound. Before discussing the limitations of the disease model and alterna-
tives with greater heuristic value, a defi nition of key terms may be helpful.

•  Nosology refers to the classifi cation of medical diseases. A disease 
class has greatest clarity when based on known  etiology/cause and/
or specifi c pathophysiology. Diagnostic classes are also necessary in 
the absence of etiology/pathophysiology knowledge and may be better 
considered disorders or clinical syndromes.

•  Disease entity is a disease based on etiology/pathophysiology, pre-
sumed or proven, that distinguishes it from other diseases. It is the 
knowledge of cause and mechanism that distinguishes a disease entity 
from a disorder, and uniformity of cause and mechanism that distin-
guishes it from a clinical syndrome.

• A  syndrome is the association of several clinically recognizable fea-
tures such as symptoms and signs that often occur together in patients.

• A  mental disorder or  mental illness is a psychological or behavioral 
pattern which deviates from normal and is generally associated with 
distress, dysfunction, and/or disability. Mental disorders are generally 
defi ned by a combination of how a person feels, acts, thinks, and/or 
perceives.

• A  domain of psychopathology comprises signs and symptoms concep-
tualized as relating to a single construct. In schizophrenia, diagnosis is 
based on a combination of signs and symptoms. Domains attempt to 
reduce heterogeneity by defi ning unifi ed symptom/sign constructs such 
as  hallucination or  avolition.

• Dimensions of psychopathology place domains of psychopathology on 
a severity continuum in terms of specifi c observable variables or hy-
pothesized underlying processes.

• Deconstruction means identifying domains of psychopathology within 
a syndrome, recognizing that persons classifi ed within the syndrome 
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will vary as to which domains are actually present. In schizophrenia, 
no domain is unique to the disorder. 

• For present purposes, let us consider a  behavioral construct to be a be-
havior that can be specifi ed as a phenotype whose physiology involves 
a known neuroanatomic framework or neural circuit (e.g., fear, work-
ing memory).

•  DSM and  ICD are diagnostic manuals published by the American 
Psychiatric Association (APA) and the World Health Organization to 
provide a nosology with information and criteria for diagnosis of each 
class. In DSM, “ A criteria” defi ne the symptoms required for diagnosis 
of a case.

• A  schizophrenia construct is an organized view of the concept of 
schizophrenia including principle defi ning features. Diagnostic proto-
types and criteria relate to the construct and may change as the con-
struct is revised over time.

•  Heterogeneity of schizophrenia poses the central problem for a clinical 
syndrome where individual cases vary substantially on key features. 
One case may have disorganized thought and behavior and  negative 
symptoms, another may have hallucinations and  delusions without 
negative symptoms or disorganized behavior, while still another may 
have  disorganization with  psychomotor abnormalities but without neg-
ative symptoms. A study design that includes such diverse cases while 
testing for a neural circuit for hallucinations or a gene associated with 
negative symptoms or a treatment for disorganization is weakened to 
the extent that some or many subjects do not actually have the phenom-
ena of interest.

• Medical model: schizophrenia has traditionally been considered a med-
ical disorder. A  medical model implies  disease pathophysiology, but an 
understanding of pathways to the pathophysiology as well as an under-
standing of the consequences of this pathology require integrating in-
formation across levels of human functioning. A broad medical model 
encompassing social, psychological, and biological data and concepts 
is essential to achieve an integrated view that relates to individual cases 
as well as to an overarching construct. Use of a medical model, how-
ever, does not imply biological reductionism, since causes of psycho-
pathology can come from any number of levels, including interper-
sonal and environmental ones. Experimental designs are reductionistic 
by necessity (at any level of a functioning organism). Biomedical re-
ductionism is adequate for certain study designs, but not for a construct 
of schizophrenia. 

Schizophrenia has traditionally been conceptualized, via the medical model, 
as a disease and until recently, this concept has driven research efforts and 
understanding of what appears instead to be a clinical syndrome or a class of 
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disorders . Much has been accomplished, but most study designs treat schizo-
phrenia as a  disease entity, in part because methods to reduce heterogeneity 
decisively have only recently emerged. The proposition addressed here is that 
schizophrenia, when treated as a disease rather than a clinical  syndrome, has 
limited the acquisition of knowledge.

The history of the dominant construct can be briefl y summarized as fol-
lows. In the late nineteenth century, the disease entity approach was validated 
through the identifi cation of various infectious diseases, including tertiary 
syphilis—a disease entity associated with  psychosis. Mental disorders had 
putative disease entities such as hebephrenia, catatonia, and paranoia, each 
associated with psychotic symptoms. In the late nineteenth century,  Kraepelin 
(1919/1971) postulated a unifying pathological process involving the unique 
combination of avolition (e.g., weakening of the will such that initiation of 
action and thought are impaired) and  dissociative psychopathology. He also 
proposed  dementia praecox as a disease separate from manic depressive dis-
ease.  Bleuler (1911/1950) provided strong support for the disease entity con-
cept by viewing dissociative pathology as primary and fundamental in all 
cases. However, he also raised the issue of syndrome, referring to the group of 
schizophrenias. The behavioral manifestations of dissociative pathology were 
broad and often subtle (e.g., separation within thought, loss of intimate con-
nection between thought and action and thought and feeling, fragmented or 
vague speech). When schizophrenia was diagnosed with subtle abnormalities 
of thought, the boundary of the disorder became infl ated and the link with 
avolition was weakened. 

The concept of schizophrenia changed again in the middle third of the twen-
tieth century.  Schneider (1959) attempted to clarify and narrow the concept by 
emphasizing understandability of special experiences as being the symptom 
pathology of fi rst importance in identifying cases. Experiences such as hearing 
a voice with a running commentary, referring to the patient in third person, 
or bizarre forms of delusions such as thoughts being inserted by alien forces 
shifted the concept toward  reality distortion pathology and away from avoli-
tion and disorganized thought and experience.  Langfeldt (1939) explicitly ad-
dressed the perceived problem of diagnosing schizophrenia in cases that did 
not have the same affl iction as found in true schizophrenia. Using Schneiderian 
fi rst-rank symptoms and other reality distortion phenomena (e.g., massive de-
realization) he separated true schizophrenia from pseudo-schizophrenia in an 
attempt to defi ne the core or nuclear aspects of the construct.

It is important to note that with dementia praecox, Kraepelin established a 
putative disease entity based on avolition/dissociative pathology. Bleuler ac-
cepted this view but considered dissociative pathology the fundamental and 
primary pathology. Bleuler made clear that reality distortion symptoms were 
secondary phenomena and not fundamental to the construct. However, apply-
ing the Bleulerian concept also involved inward withdrawal ( autism),  affect 
pathology (e.g., restricted experience and expression of emotion), ambivalence 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109355/9780262314602_c000400.pdf by guest on 02 January 2024



 Impact of Diagnosis on Acquisition of  Knowledge 53

in thought and action, as well as associative pathology—often referred to as 
Bleuler’s four As. These manifestations may be subtle in many cases, and the 
movement from the Kraepelinian emphasis on observable signs and course 
criteria to less observable psychological constructs had the unintended con-
sequence of broadening the concept and raising doubts as to the validity of 
the diagnosis. The construct based on work by Schneider and  Langfeldt was 
viewed as addressing this problem by separating true or nuclear schizophrenia 
from pseudo-schizophrenia. This was accomplished, however, through a ma-
jor shift in the construct away from avolition and dissociative pathology and 
toward reality distortion without validating the true versus pseudo distinction. 
Nonetheless, this latter approach was very infl uential as  DSM-III was prepared 
and published in 1980.

A fi nal note before proceeding to DSM-III:  Jaspers (1963) viewed  impaired 
empathy as fundamental to schizophrenia. Empathy here refers to the sense 
that one appreciates the mind and feelings of another through automatic pro-
cessing not dependent on complex language communication. Impaired em-
pathy was considered to be in the same class of special schizophrenia experi-
ences described by Schneider. Schneider (1959) identifi ed a set of “fi rst-rank” 
symptoms and made a clear distinction between understandable delusions 
(e.g., delusions of poverty in a depressed person) and bizarre delusions (e.g., 
believing an unknown external source is responsible for one’s thoughts). First-
rank symptoms represented a pathology of ego boundary or reality distortion 
quite distant from the avolition/dissociative pathology described by  Kraepelin 
(1919/1971). Jaspers’s concept was, perhaps, misconstrued and poor rapport 
may better represent impaired empathy. Note that the most discriminating fea-
tures in differential diagnosis are omitted from the A criteria in DSM-III and 
are only partly in place in  DSM-IV. These are:  poor rapport,  lack of insight, 
and  restricted affect (Carpenter et al. 1973).

With its publication in 1980, DSM-III put a new paradigm for diagnosis in 
place. Previously developed for research, explicit criteria on which to make 
a diagnosis were formulated for each disorder. Clinical, research, and epide-
miologic diagnoses were to be based on ascertainment of the specifi c criteria. 
Previously, clinicians would rely on training and experience, an understanding 
of prototypes for various disorders, and a general description of each disorder. 
The approach now included the explicit determination of criteria that needed 
to be met in each case. With the broad international acceptance of DSM-III, 
the schizophrenia concept at the symptomatic level was explicitly related to 
delusions, hallucinations, disorganized thought, and  psychomotor abnormali-
ties and required the presence of at least two of these four  psychopathology 
domains. With DSM-III the fi eld had operationalized criteria with documented 
reliability. Little noticed was the remarkable shift in concept in the direction of 
reality distortion and away from avolition.  Negative symptoms, characterized 
by experience and expression of  emotion and avolition/ anhedonia/asociality, 
were not included in the DSM-III criteria. Cases of schizophrenia could now 
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be defi ned by the presence of just hallucinations and delusions. This is re-
markable considering two empirical fi ndings in the 1970s. First, symptoms of 
fi rst rank had been documented in other mental disorders. Separating broadly 
defi ned schizophrenia into true and pseudo-schizophrenia with Schneider’s or 
Langfeldt’s criteria failed to support  validity based on disorder development, 
course, outcome, or functional status. Second, the most discriminating features 
between different psychotic disorders were  restricted affect,  poor rapport, and 
poor  insight, none of which were included in the  A criteria. Parenthetically, 
 negative symptoms were added to the A criteria in  DSM-IV, but so was the 
criterion that a single bizarre delusion or hallucination could fulfi ll A criteria.

DSM-IV, published in 1994, contained two signifi cant changes related to 
the avolition/reality distortion dialectic. First, negative symptoms were added 
to the A criteria and now two of the fi ve were required: delusion, hallucination, 
 disorganization,  psychomotor, and negative symptoms. Second, an exception 
was made to allow A criteria to be met by a single hallucination or delusion if 
considered bizarre. Bizarre, for practical purposes, can be considered a fi rst-
rank symptom of Schneider. Parenthetically,  schizoaffective disorder was in-
troduced in an attempt to address cases where schizophrenia criteria are met in 
the context of extensively overlapping major mood episodes.

By viewing schizophrenia as a disease entity based on Kraepelin’s  dementia 
praecox, reinforced through Bleuler’s view of the primary and fundamental 
pathology being found in all cases, the disease entity concept was expanded to 
a construct of “schizophrenia as a brain disease”—a construct  which was used 
to endorse a  medical model and, in theory, to  reduce stigma. The concept has 
been further reinforced as the neurodevelopmental hypotheses gained traction. 
Most research data is generated in study designs which compare people diag-
nosed with schizophrenia to psychiatrically healthy subjects or schizophrenia 
as a disorder compared to other disorders. Only a fraction of reported studies 
attempt to reduce heterogeneity and relate study fi ndings to a specifi c patholo-
gy. The impediment to acquisition of knowledge can be seen in genetic studies 
where the design accepts a diagnosis of schizophrenia as the phenotype despite 
the broadly held view that multiple phenotypes exist and vary from case to 
case. Another telling example is the equating of schizophrenia with psychosis 
and sixty years of developing  dopamine antagonists for  psychosis and view-
ing them as anti-schizophrenia drugs. This resulted in sixty years of “me-too” 
 drug development for one aspect of the construct while the therapeutic needs 
in other critical pathologies (e.g., impaired cognition and negative symptoms) 
remained unmet (Buchanan et al. 2005; Kirkpatrick et al. 2006).

The remaining discussion assumes that the proper construct at this point 
in time for schizophrenia is that of a  clinical syndrome with  heterogeneity 
of manifestation across individual cases (widely documented) and presumed 
heterogeneity at the level of etiology and pathophysiology. This heterogene-
ity, if not addressed in study designs, weakens the opportunity for discovery. 
To illustrate the problem, imagine an imaging, genetic, postmortem study of 
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 dementia where a relatively small number of cases are compared to controls 
without a brain disorder. If subjects are selected based on impaired short-term 
 memory, the study cohort may include cases of  Alzheimer’s disease, multi-
infarct dementia, Pick’s disease, normal aging, and pernicious anemia. This 
mixture will reduce the chances of discovering pathology associated with each 
specifi c form of dementia. Fortunately, for many forms of dementia there is 
suffi cient knowledge to reduce the heterogeneity with diagnosis. As a  clinical 
syndrome, schizophrenia presents, however, some of the problems associated 
with dementia before separate disease entities could be defi ned.

Why Classifi cation Failed

 Classifi cation is, of course, essential for many valid purposes. To advance 
knowledge of disease etiology, pathophysiology, treatment, prevention, and 
cure, the dominant paradigm is quite limited and represents a fl aw, often fatal, 
in many research designs. Failure to address heterogeneity in schizophrenia 
has resulted in the following:

•  Biomarkers or  endophenotypes are not established to validate the diag-
nosis in the individual case.

• Drug discovery cannot be rationally based on known molecular 
pathophysiology.

•  Risk factors have not led to effective prevention.
•  Psychopharmacology has made very limited progress since  chlorprom-

azine was introduced sixty years ago. Scores of “ me-too” antipsychotic 
drugs have been approved but only  clozapine is recognized for its su-
perior effectiveness.

• Many genes with small effects have not yet been linked effectively to 
meaningful phenotypes (as suggested by genome-wide APA studies). 

• Group fi ndings with many variables that distinguish a schizophrenia 
cohort from a non-ill cohort may have little discriminating power be-
tween schizophrenia and “near-by” psychotic disorders.

• Power in any research design is presently reduced by the incorrect ex-
pectation that all subjects with schizophrenia actually have the pathol-
ogy related to the variable of interest.

• When a variable hypothesized to be related to schizophrenia is ob-
served in all subjects with the diagnosis, likely explanations include 
antipsychotic drug effect, shared lifestyles, or that the variable is re-
lated to psychosis in general and is thus not specifi c for schizophrenia.

Genome-wide APA studies generally treat a clinical syndrome as though it were 
a disease entity. Classifi cation, however, has failed because of heterogeneity 
across diagnosed individuals on variables such as risk factors, etiology path-
ways, developmental pathways, endophenotypes, onset, manifest symptoms, 
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course,  treatment response, and associated features, such as neurological soft 
signs and cognition. Currently, there are no pathognomonic manifestations of 
schizophrenia and no biomarker with the sensitivity and specifi city required 
for diagnosis in the individual case.

Overcoming Classifi cation: How to Accelerate 
the Acquisition of Knowledge

The fi eld of research has generally accepted  schizophrenia as a disease entity 
paradigm for the past hundred years or so. To shift from a dominant paradigm 
is usually diffi cult, although alternative paradigms, new and old, are available:

1. Reduce syndrome heterogeneity by identifying subgroups, each repre-
senting a putative disease entity. Examples: traditional subtypes such 
as hebephrenia or paranoid, good versus poor premorbid development, 
and  defi cit versus   nondefi cit based on presence or absence of primary 
negative symptoms.

2. Deconstruct the syndrome construct into psychopathology domains. 
Examples: Strauss et al. (1974) stipulates six domains, Cuesta and 
Peralta (1995) eight domains, and eight domains have been placed in 
Section 3 of  DSM-5 (American Psychiatric Association 2013).

3. Establish separate developmental pathways, each being an independent 
variable in the study design. Example: the  interactive  developmental 
model represented in Figure 3.1. 

4. Establish stages of  psychopathology development with each stage be-
ing an independent variable. Examples: stages in the neurodevelop-
mental model (Weinberger 1987; Murray and Lewis 1987) or clinical 
 staging (Hogarty et al. 1995; McGorry et al. 2010).

5. Address psychopathology from a  behavioral construct representing a 
phenotype closely related to clinical manifestations on the one hand 
and to brain anatomy on the other. Example: the NIMH  Research 
Domain Criteria initiative (RDoC 2011).

6. Hypothesize a  biomarker as the point of entry and select subject ac-
cording to the presence of the biomarker at a level thought to represent 
pathophysiology (e.g., predictive pursuit in eye movements). Example: 
select subjects according to deviation from norm on a biochemical, im-
aging, or psychophysiological phenotype (Braff et al. 2007; Turetsky et 
al. 2007; Schork et al. 2007; Gur et al. 2007; Thaker 2008).

Earlier efforts to reduce  heterogeneity involved identifying subgroups with-
in the schizophrenia syndrome. Traditional subtypes of  schizophrenia refl ect 
some important subgroup differences (e.g., genetics of hebephrenia vs. para-
noid subtypes), but have not proven to be strong heuristics for investigative 
purposes. This, in part, is because subtypes are not stable within the individual 
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and many features are shared across the subtypes. A more robust approach has 
been to subdivide  schizophrenia according to dichotomies, for example, reac-
tive versus process schizophrenia, acute versus insidious onset schizophrenia, 
and good versus poor prognostic schizophrenia. These subdivisions were ro-
bust from a premorbid and course of illness perspective. Shortcomings, how-
ever, include (a) the failure to validate the etiological implications of the pro-
cess and reactive dichotomy, (b) presuming that insidious and acute referred to 
the nature of onset of the same disease rather than distinguishing separate etio-
pathological pathways, and (c) conceptualizing a poor developmental pattern 
as prognostic rather than as an early manifestation of a syndrome subgroup. 

These earlier attempts failed to establish a strong candidate disease entity 
within the schizophrenia syndrome. More recently, investigators at the Maryland 
Psychiatric Research Center segregated schizophrenia into a subgroup with 

Immediate
treatment
variables

Intervening
variables

Developmental
factors

psychosexual
cognitive

social
work

others

Drugs Drugs Drugs Drugs

Family
expression

Family
expression

Regain
social niche

Course and outcome

Yes No

Yes No Yes No

Yes No Yes No Yes No Yes No

Vulnerability to Schizophrenia

Schizophrenia

NoBonding Bonding Bonding Bonding

Perinatal Perinatal

Genes

Vulnerability to illness

Yes No

Yes No Yes No

Yes No Yes No Yes No Yes

Figure 3.1 Schema for an  interactive developmental systems model of schizo-
phrenia; reprinted from Strauss and Carpenter (1981) with permission from Springer 
Science+Business Media B.V.
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and a subgroup without primary negative symptoms. Hypothesized as a dis-
ease entity, several lines of evidence support this proposition (Messias et al. 
2004; Kirkpatrick et al. 2001).

 Defi cit schizophrenia systematically differed from schizophrenia without 
primary negative symptoms on a range of variables, including epidemiologi-
cal risk factors and aspects of neuroimaging and  postmortem tissue analysis. 
However, while using a single domain of pathology to reduce heterogeneity in 
the defi cit subgroup, it fails to address heterogeneity in the larger  nondefi cit 
subgroup. The hypothesis that defi cit  schizophrenia has a distinct etiopatho-
physiology that leads to psychosis (i.e., different from the pathway to psychosis 
in nondefi cit cases) is interesting, but it may not be as robust as a construct that 
views negative symptoms as, or along a continuum of, a domain of psycho-
pathology. This alternative interpretation—that primary  negative symptoms 
are a domain of pathophysiology rather than necessarily marking a different 
pathway to psychosis—may offer a stronger heuristic approach. In this con-
text, negative symptoms represent an independent variable in study designs. 
 Domains of psychopathology form the primary target for etiological, patho-
physiological, and therapeutic discovery (Carpenter et al. 1988; Carpenter and 
Buchanan 1989). 

This explanation was advocated in 1974 with negative symptoms,  posi-
tive symptoms, and pathology observed in the interpersonal sphere as three 
candidate domains (Strauss et al. 1974). This framework was prompted by 
Strauss, who considered dimensions as alternatives to categorical classifi cation 
(Strauss and Carpenter 1975; Strauss 1969).

In recent years, this approach has gained traction with domains of cognition 
and negative symptoms being identifi ed as critical unmet therapeutic needs. 
The  DSM-5 Psychosis Work Group has pursued the deconstruction paradigm 
in parallel with categorical classifi cation. Based on prior evidence for the util-
ity of a dimensional approach to schizophrenia (Strauss et al. 1974; Peralta and 
Cuesta 2001; Cuesta and Peralta 1995), DSM-5 describes eight dimensions in 
Section 3, each conceptualized as a domain of psychopathology important to 
psychotic illnesses, but varying in manifestation in subjects within each of the 
relevant syndromes. The psychopathology domains, rated from 0–4 for sever-
ity, are:  delusions,  hallucinations,  disorganized thought,  psychomotor abnor-
malities,  restricted affect,  avolition, depression,  mania, and  cognition impair-
ment. This paradigm raises the possibility of identifying a range of pathologies 
as the target of investigation with a diagnostic class being involved for general 
relevance; however, the domain of pathology has specifi c relevance. Here one 
seeks genes for, say, depression across diagnostic classes rather than genes for 
 major  depression disorder, or for  reality distortion across syndromes rather 
than for schizophrenia as defi ned by reality distortion. There is potential here 
for a dramatic reorganization of scientifi c enquiry.
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Four Paradigm Shifts to Consider

Heterogeneity characterization is involved in the fi rst three paradigms that will 
be discussed whereas the fourth involves  staging.

The fi rst paradigm views disease entities within the syndrome as indepen-
dent variables rather than schizophrenia at the syndrome level. In a sense, this 
is an old and frequently tried paradigm that has not been very productive. The 
traditional subtypes have not provided a strong heuristic approach. Patients of-
ten have features of several subtypes, and symptoms and subtype presentation 
can vary signifi cantly across psychotic episodes in the same person. Other ap-
proaches have been more closely associated with course and prognostic vari-
ables (e.g., good vs. poor prognosis, process vs. reactive). These dichotomies 
have lost traction as subgroups for two related reasons. First, the tautology 
between predictor and predicted became evident: asociality prior to psychosis 
predicts asociality after psychosis, prior occupational function predicts future 
function, etc. Second, many factors associated with prognosis are now concep-
tualized as early morbid manifestations of the disorder, not independent mod-
erator factors. Prominent in more recent work within this paradigm is the de-
velopment of  defi cit schizophrenia as a putative disease entity. This subgroup 
appears validated by factors associated with etiopathophysiology. However, 
separating defi cit schizophrenia from other schizophrenia leaves the larger co-
hort without precise defi ning features, and the number of disease entities that 
remain is not known. Despite modest progress to date,  future research within 
this paradigm is expected to be more robust when the syndrome can be subdi-
vided based on  biomarkers. The term “biomarker” refers to variables robustly 
associated with a pathology that results in a more valid grouping of cases. 
Increased homogeneity at the biological level is assumed, but biomarkers may 
be derived from any level of functioning (e.g., genetics, physiology, cognition, 
behavior).

Consider now a second paradigm based on deconstructing the syndrome 
into psychopathology domains. The fundamental assumption here is that 
symptom/sign complexes can be defi ned with greater homogeneity, and depen-
dent variables may relate to a domain rather than to all subjects in a syndrome 
cohort. From a clinical perspective,  psychopathology domains represent the 
evaluation and treatment targets that clinicians address. This paradigm calls for 
ascertaining the domain of interest in each subject and shifts the discovery pro-
cess in the direction of psychopathology across diagnostic boundaries. From 
a drug discovery perspective, each domain can now be viewed as a potential 
indication for regulatory approval. In this framework, investigators will seek 
gene associations for depression, reality distortion, or psychomotor abnormali-
ties either within the syndrome, by identifying specifi c cases, or across disor-
der boundaries. DSM-5 introduces in Section III a series of psychopathology 
domains to be used as dimensions across psychotic disorders.
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The third paradigm calls for a more aggressive integration of neuroscience 
and behavioral science to identify  behavioral constructs that have specifi c rela-
tionships to neural substrates; as such, they constitute the independent variables 
needed to address fundamental mechanisms as they relate to pathophysiology 
at the neural circuit level. Here it is assumed that several behavioral constructs 
are related to psychopathology (e.g., impaired positive valence in  anhedonia 
related to depression). NIMH has prioritized moving research in this direction, 
cutting across diagnostic boundaries and levels of severity.

The fourth paradigm, which relates to staging, assumes that several path-
ways are involved in the formation of a general vulnerability toward mental 
disorders (see Cadenhead and de la Fuente-Sandoval as well as C. Morgan et 
al., this volume). During development, other factors may determine the direc-
tion taken in progression toward a diagnosable disorder. At the fi rst stage, there 
may be very broad sharing of risk factors. Moving toward a particular disorder 
in the second stage may involve a more discrete set of variables. A third stage 
relates to the onset of a disorder or of psychopathology domains. Finally, still 
other factors may be involved in altering the course once a disorder is present. 
In this paradigm, investigators need to determine the stage of the independent 
variable and create evidence that bears on the development of features at that 
stage. The fi rst two stages are particularly relevant to  primary and  secondary 
 prevention as well as to the study of resiliency.

Two projects are nearing completion and will be infl uential in shifting re-
search focus to domains of pathology or behavioral constructs:

1. DSM-5 and dimensional ratings of symptom domains across psychotic 
disorders.  Hallucinations,  delusions,  disorganization of thought,  re-
stricted affect,  avolition, psychomotor abnormalities, cognition,  ma-
nia, and  depression are specifi ed in Section 3. These domains require 
clinical evaluation and treatment, but can also impact on discovery by 
orienting science away from syndrome and toward individual domains 
of pathology (e.g., cognition, mood, arousal, motor functioning). For 
instance, we think that the Food and Drug Administration in the United 
States and other regulatory bodies will recognize the domains as a con-
sensus in the fi eld and consider them as indications for drug approval. 
In time this may extend to include several disorders in clinical trials 
based on sharing the domain of interest. Already in place are meth-
ods for addressing cognition and negative symptoms in the context of 
schizophrenia (Buchanan et al. 2005; Kirkpatrick et al. 2006).

2.  RDoC, with its elaboration of fi ve behavioral constructs and related 
neural circuit substrates, represents NIMH’s tactical approach, consis-
tent with their strategic plan to develop information on pathophysiology 
at the neural circuit level for mental disorders. It is a direct repudiation 
of discovery based on  clinical syndrome classifi cation. Nonetheless, it 
will be essential to relate the behavioral constructs to specifi c clinical 
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manifestations of disorders. Guidelines for this translation are currently 
being developed.

For purpose of illustration, fi ve behavioral constructs with demonstrated links 
to  psychopathology are shown in Table 3.1. Methods are currently being devel-
oped to integrate the two approaches discussed above.

The deconstruction of schizophrenia according to the DSM-5 domains of 
pathology framework and  RDoC behavioral construct/neural circuit frame-
work and integration into clinical and preclinical study designs will change 
the acquisition of knowledge in the near future. The fi rst paradigm shift, which 
identifi es putative disease entities within the schizophrenia syndrome, will be 
available as biomarkers gain traction in separating a subgroup from the whole. 
Recent illustrations involve latent class analysis in gene association studies, 
where  candidate genes appear to separate a  defi cit form of schizophrenia from 
other subgroups (Fanous et al. 2008; Holliday et al. 2009).

The fourth paradigm shift has been introduced for clinical therapeutics, 
where the nature of  interventions are different for various stages, for example, 
prodromal, fi rst psychosis, impaired cognition addressed during clinical stabil-
ity, rehabilitation of functioning in chronic stages, etc. (Hogarty et al. 1995; 
McGorry et al. 2010). Moving this paradigm for discovery involves reconcep-
tualizing the schizophrenia psychopathology. Rather than a clinical syndrome 
that evolves over time, the paradigm suggests that early risk factors may pro-
duce a general vulnerability for mental dysfunction. Later risk factors may 
shape the development of disorders where schizophrenia is only one of perhaps 
many disorder outcomes. Once a particular disorder is present, the focus of 
study may evolve from primary etiological and preventive factors to   secondary 

Table 3.1 Examples of  behavioral constructs with demonstrated links to psychopa-
thology (courtesy of Bruce Cuthbert, NIMH).

1. Negative Valence Systems
• Acute threat (“fear”)
• Potential threat (“ anxiety”)
• Sustained threat
• Loss
• Frustrative nonreward

3. Cognitive Systems
•  Attention
•  Perception
•  Working memory
• Declarative memory
• Language behavior
• Cognitive (effortful) control

2. Positive Valence Systems
• Approach  motivation
• Initial responsiveness to reward
• Sustained responsiveness to reward
• Reward learning
• Habit

4. Systems for Social Processes
• Imitation, theory of mind
• Social dominance
• Facial expression identifi cation
•  Attachment/separation fear
• Self-representation areas

5. Arousal/Regulatory Systems
• Arousal and regulation, multiple
• Resting state activity
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prevention. At each stage of disorder development, resiliency factors as well 
as causative/promotional factors are relevant (see Figure 3.1 for a representa-
tion of staging; Strauss and Carpenter 1981). Current studies that report, for 
example, overlap in  candidate genes between schizophrenia and  bipolar disor-
der would be reconceptualized in this staging paradigm as genes contributing 
to vulnerability to mental disorders, whereas candidate genes unique to each 
disorder would be conceptualized at the stage of a vulnerable individual devel-
oping a specifi c disorder.

The above paradigms relate to methods for obtaining knowledge on etiol-
ogy, pathophysiology, prevention, treatment, and cure. Another shift in con-
cept, perhaps paradigm, may be additive or synergistic with the above. This 
relates to concepts of  resiliency and compensatory processes. As the disorder 
develops in any individual, a series of adaptive challenges unfolds. Attempts 
to prevent or repair dysfunctional mechanisms are central to  prevention and 
therapeutics. An alternative view relates to determining how individuals suc-
cessfully cope with impairment and reinforce natural strengths and/or deter-
mine how compensatory mechanisms can be enhanced. 

Conclusion

Conceptualizing schizophrenia as a disease has impeded the acquisition of 
knowledge because of the heterogeneity of individuals with the diagnosis 
and the clinical syndrome status of the disorder. Four paradigms are currently 
available and may accelerate discovery in the near future by addressing hetero-
geneity. These paradigms identify subgroups as putative disease entities using 
 psychopathology or  biomarkers, deconstruct the syndrome into psychopathol-
ogy domains, use behavioral or neural circuits as independent variables, and 
reconceptualize the development of mental disorders in stages, progressing 
from general vulnerability to more specifi c psychopathology outcomes. An 
additional consideration addresses personal characteristics and compensatory 
mechanisms that enable an individual to minimize illness effects and progres-
sion. It is expected that advancing knowledge on etiology and pathophysiology 
will provide a basis in the future for substantial reconsideration of the classifi -
cation of mental disorders and the schizophrenia construct.
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4

What Dimensions of 
Heterogeneity Are Relevant 

for Treatment Outcome?
Leanne M. Williams and Chloe Gott

Abstract

 Schizophrenia is a disorder, or a class of disorders, of  cognition. Defi ning features 
include a loss of coordination in core  perception,  attention,  memory, and  executive 
functions together with the  dysregulation of emotion. These features are the strongest 
contributors to burden of illness. Diagnostic criteria, clinical trials, and popular con-
ceptions typically focus, however, on the more fl orid  positive symptoms of psychosis, 
such as hallucinations. As a result, impairments in cognitive–emotional function remain 
largely undiagnosed and untreated, with no current treatments in routine use that target 
these impairments. The evidence base for developing new treatments requires cogni-
tive–emotional measures that link to  functional capacity as well as to brain changes 
involved in schizophrenia pathophysiology.

This chapter looks at fi ve aspects of cognitive–emotional function in schizophrenia: 
Which cognitive–emotional impairments characterize schizophrenia patients at fi rst 
onset? Are functional capacities predicted by these impairments at fi rst onset? What 
brain systems are involved? How do cognitive–emotional impairments, and their re-
lationships with functional capacity and  brain function, progress over time? What are 
the implications for  treatment outcomes? Focus is on the fi rst episode of schizophrenia, 
since  early intervention is likely to have the best impact for improving outcomes.

Which Cognitive–Emotional Impairments Characterize 
Schizophrenia Patients at the First Psychotic Episode?

Even though schizophrenia  is increasingly conceptualized as a cognitive dis-
order (Moran 2006; Nuechterlein et al. 2004), this has not been adequately 
refl ected in  clinical trials or routine clinical care. This translational gap has 
been exacerbated by the lack of effective measures of cognition that link to 
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 functional outcomes as well as to direct measures of  brain function relevant to 
the  pathophysiology of schizophrenia (Hyman and Fenton 2003; Moran 2006).

Many efforts have attempted to close this translational gap (summarized 
in Table 4.1), as was highlighted in a recent review of completed and ongoing 
clinical trials that included cognitive assessments in the protocol (Keefe et al. 
2013). As identifi ed by Keefe et al. (2013), current evidence from these trials 
is limited: the low rate of publication in peer-reviewed journals (only 19 of the 
61 completed trials) has impeded access to the information by clinicians; many 
trials utilized small sample sizes and/or short follow-up periods (less than eight 
weeks); and objective endpoints are lacking to assess specifi c domains of cog-
nitive function. In addition, to date trials have tended to assess participants 
with chronic schizophrenia. The two exceptions completed so far have focused 
on fi rst-episode schizophrenia (Hill et al. 2008; Levkovitz et al. 2010). One 
advantage of assessing fi rst-episode samples is that cognitive impairments may 
be identifi ed in the absence of potential confounds from the effects of chronic-
ity and long-term medication use (Keefe et al. 2013).

A major initiative in helping to close the translational gap has been 
 MATRICS (Measurement and Treatment Research to Improve Cognition in 
Schizophrenia). Set up by the National Institute of Mental Health (NIMH), 
its domains have been recognized by the U.S. Food and Drug Administration 
for treatment trials. MATRICS has published consensus guidelines for cog-
nitive domains derived from previous literature (Bilder et al. 1992; Riley et 
al. 2000) to assess schizophrenia. These domains include speed of process-
ing, attention/vigilance,  verbal learning,  visual learning,  working memory, 
 reasoning/ problem solving (also known as  executive function), and  social 
cognition (management and identifi cation of emotion) (Green et al. 2004a, b; 
Nuechterlein et al. 2004):

• Speed of processing: Tasks that are utilized in the measurement of this 
domain emphasize speed of performance. They target aspects of cogni-
tion that are relatively basic, involving perceptual and motor compo-
nents, and include both verbal and nonverbal processing (Nuechterlein 
et al. 2004). Speed of processing ability has been consistently found 
to be impaired in chronic patients with large effect sizes ranging from 
–1.57 to –0.88 (Dickinson et al. 2004, 2007; Gladsjo et al. 2004). These 
defi cits are present even at fi rst episode (Lucas et al. 2009); a meta-
analysis of 2,204 fi rst-episode patients reported a large effect size for 
this domain of –0.96 (Karaka et al. 2003).

• Attention/vigilance: In normal populations, a combined domain of 
working memory and attention has been implicated (Tulsky and Price 
2003). However, in schizophrenia samples, tasks which specifi cally 
target attention and vigilance, such as  continuous performance tests 
(CPT), load onto a separate factor from tasks based on working memo-
ry span. This implies that an attention domain which includes vigilance, 
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and is separate from working memory, is appropriate in schizophrenia 
research (Nuechterlein et al. 2004). Current research indicates that 
there are considerably large defi cits in attentional abilities in chronic 
patients, with effect sizes ranging from –0.86 to –1.16 (Dickinson et al. 
2007; Heinrichs and Zakanis 1998). These defi cits are mirrored in fi rst-
episode samples (Lucas et al. 2009), though possibly to a slightly lesser 
extent, where a more moderate effect size of –0.71 has been reported 
(Karaka et al. 2003).

• Working memory: Tests which target this domain involve the temporary 
online storage and mental manipulation of information (Nuechterlein 
et al. 2004). This domain includes both verbal and nonverbal pro-
cesses, and although verbal measures have traditionally been used 
more in schizophrenia samples, visual working memory tasks have 
better animal model analogs, which are useful in  drug development 
(Nuechterlein et al. 2004). Working memory processes have consis-
tently been shown to be impaired in chronic patients, with moderate to 
large effect sizes ranging from –0.61 to –1.01 (Dickinson et al. 2004, 
2007; Gladsjo et al. 2004). Studies examining fi rst-episode samples 
have found similar defi cits in working memory capacity (Lucas et al. 
2009); a meta-analysis reported an effect size of –0.79, well within the 
range reported for chronic samples (Karaka et al. 2003).

• Verbal learning is associated with the immediate or delayed recall 
of verbal material that exceeds working memory span. Tasks include 
word lists, paired associates, or more narrative style information. 
While there is some overlap between this domain and the learning 
of visual material, factor analyses in schizophrenia samples tend to 
separate verbal learning tasks from  visual learning ones (Nuechterlein 
et al. 2004). Furthermore, schizophrenia patients tend to have defi -
cits in either verbal and/or visual episodic memory, further indicating 
that these two cognitive domains seem to be separable within schizo-
phrenia research (Nuechterlein et al. 2004; see also Aleman et al. 
1999). Verbal learning tends to have considerable defi cits for chronic 
(Dickinson et al. 2007; Gladsjo et al. 2004; Keefe et al. 2004) as well 
as fi rst-episode samples (Lucas et al. 2009), with large effect sizes 
for both groups ranging from –0.90 to –1.41 (Dickinson et al. 2007; 
Gladsjo et al. 2004; Keefe et al. 2004) and –1.2 (Karaka et al. 2003), 
respectively.

• Visual learning and memory: Visual learning is associated with the 
long-term or immediate recall of visuospatial material, including the 
recognition of faces, the immediate or delayed recall of family scenes, 
reproduction of line drawings, and memory of nonfamiliar fi gures 
(Nuechterlein et al. 2004). There is less evidence for impairment in 
this domain in the literature compared to the other cognitive dimen-
sions; however, new visual learning has still been shown to be impaired 
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Table 4.1  Clinical trials in the public domain as reported by Keefe et al. (2013).

Peer-Reviewed Trials: Chronic schizophrenia samples

Source Sample Characteristics Cognitive Measure 

Buchanan et al. (2011) Clinically stable, nonacute 
(age: M = 42.7)

MCCB

Kane et al. (2010a) Acute exacerbation of 
psychotic symptoms, 

(age: M = 43.2)

MCCB

Javitt et al. (2012) Clinically stable 
(age: M = 43.3)

MCCB

Lieberman et al. (2009) Clinically stable, nonacute 
(age: M = 40.5)

MCCB

Marx et al. (2009) Clinically stable (illness 
duration greater than 1 
year) (age: M = 51.1)

MCCB, BACS

Friedman et al. (2008) Not reported BACS

Ritsner et al. (2010) Clinically stable (illness 
duration greater than 2 
years) (age: M = 38.5)

CANTAB

Buchanan et al. (2007) Not specifi ed 
(age: M = 43.5)

Tests for processing speed, verbal 
fl uency, processing speed, atten-
tion, auditory memory, visual spatial 
memory, auditory working memory, 
visual spatial working memory, and 
 executive function

Buchanan et al. (2008) Chronic 
(age: M = 49.7)

WAIS-III letter-number sequencing, 
BACS number sequencing, CVLT, 
BVMT, grooved pegboard, WAIS-
III digit symbol and symbol search, 
GDS- CPT

Freudenreich et al. (2009) Clinically stable
(age: M = 45.3)

NAART, TMT, DS-CPT, HVLT, WMS-
III, WCST, WAIS-III letter-number 
sequencing, LCF, grooved pegboard 

Goff et al. (2008b) Clinically stable
(age: M = 42.9)

NAART, TMT, DS-CPT, CVLT, WMS-
III Faces and Family Pictures, WCST, 
LCF, WAIS-III letter-number sequenc-
ing, grooved pegboard 

Goff et al. (2008a) Not specifi ed 
(age: M = 49.1)

NAART, WMS-III, HVLT, WCST, 
TMT, LCF, WAIS-III letter-number 
sequencing, grooved pegboard, LMT 
WMS-R

Goff et al. (2009) Chronic 
(age: M = 49.7)

HVLT, WAIS-III letter-number se-
quencing WAIS-III digit symbol test, 
WAIS-III  category fl uency, CPT-XX, 
WAIS-III-spatial scan, LMT-WMS-R
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Table 4.1 (continued)

Source Sample Characteristics Cognitive Measure 

Honer et al. (2006) Not specifi ed 
(age: M = 37.2) 

WAIS-III letter-number sequencing, 
Brown Peterson procedure

Kelly et al. (2009) Not specifi ed 
(age: M = 49.0)

WAIS-III letter–number sequencing, 
BACS number sequencing, WAIS-III 
digit symbol search, grooved pegboard, 
WAIS-III letter fl uency, Woodcock 
Johnson Planning Test, CVLT, BVMT, 
GDS- CPT

Kinon et al. (2011) Symptomatic 
(age: M = 38.8) 

BACS Symbol Coding Task

Peer-Reviewed Trials: First-episode schizophrenia samples 

Source Sample Characteristics Cognitive Measure 

Levkovitz et al. (2010) Early phase (within 5 
years of exposure to treat-
ment, aged 18-35 years) 
(age: M = 24.9)

CANTAB

Hill et al. (2008) Drug naïve, fi rst-episode 
patients (age: M=25.97) 

Stroop Color Word Naming Test, 
COWAT, TMT, CVLT, WMS-R 
Visual Production, WAIS-R digit span, 
WAIS-R digit symbol search, grooved 
pegboard

Non-Peer-Reviewed Trials

Source Sample Characteristics Cognitive Measure 

Memory Pharmaceuticals Corp (2008) Not reported MCCB

Allon Therapeutics Inc (2009) Stable (age range 18–65) MCCB

AstraZeneca and Targacept (2008) Not reported IntegNeuro

Merck & Co (2011) Stable (age range 21–55) BACS

Cephalon Inc (2010) Stable (age range 21–55) BACS

Abbreviations:
BACS: Brief Assessment of Cognition in 

Schizophrenia
BVMT: Brief Visual Memory Test
CANTAB: Cambridge Neuropsychological 

Test Automated Battery
COWAT: Controlled Oral Word Association 

Test
CPT-XX: Continuous Performance Test–Iden-

tical Pairs
CVLT: California Verbal Learning Test
DS-CPT: Degraded Stimulus-Continuous 

Performance Test
GDS–CPT: Gordon Diagnostic System–

Continuous Performance Test

HVLT: Hopkins Verbal Learning Test
LCF: Letter and  Category Fluency
LMT WMS-R: Logical Memory Test Revised 

Weschler Memory Scale
MCCB: MATRICS Consensus Cognitions 

Battery
NAART: North American Adult Reading Test
TMT = Trail Making Test
WAIS-III: Weschler Adult Intelligence Scale, 

3rd ed.
WCST: Wisconsisn Card Sorting Test
WMS-III: Weschler Memory Scale, 3rd ed.
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in chronic samples with effect sizes ranging from –0.43 to –1.03 
(Dickinson et al. 2007; Heinrichs and Zakanis 1998). This has also 
been observed in fi rst-episode patients (Lucas et al. 2009), where a 
meta-analysis has reported an effect size of –0.79 (Karaka et al. 2003). 
Smaller differences from controls in  visual compared to verbal learn-
ing, particularly at fi rst episode, imply differential patterns of impair-
ment between these two domains in schizophrenia. This may give ad-
ditional weight to the separation of these two memory domains.

•  Reasoning and  problem solving involves higher-level cognitive pro-
cesses that require complex reasoning or utilization of strategies. 
While problem-solving tasks can be either verbal or nonverbal, and 
often involve relatively basic motor or perceptual abilities, they all re-
quire additional higher-order skills in decision making and planning 
(Nuechterlein et al. 2004). These skills have been found to be impaired 
in long-term chronic schizophrenia patients, where effect sizes ranging 
from moderate to large (–0.68 to –1.11) have been reported (Dickinson 
et al. 2007; Gladsjo et al. 2004; Heinrichs and Zakanis 1998). First-
episode patients show similar diffi culties (Lucas et al. 2009), where 
a large effect size (–0.83) fi ts within the range of those described for 
chronic samples (Karaka et al. 2003).

• Social cognition refers to the mental processes required to understand 
and participate in social interactions. These include the ability to per-
ceive and interpret one’s own and others’  emotions accurately, as well 
as the capacity to generate appropriate responses in accordance with 
these interpretations (Green et al. 2005). Because  social cognition is 
a relatively recent area, comparatively few studies have included tests 
of emotional and social cognition. Substantial impairments in emo-
tion identifi cation have, however, been observed (Edwards et al. 2002; 
Sachs et al. 2004; Williams et al. 2007b). Meta-analysis reports a large 
average effect size of –0.91 across 86 of these studies, and some debate 
remains as to whether the impairment is specifi c to certain emotions, 
and whether or not defi cits in emotion recognition are independent 
of problems with perceiving the face as a whole (Bryson et al. 1997; 
Edwards et al. 2002;  Johnston et al. 2006; Kohler et al. 2000, 2003, 
2009; Kosmidis et al. 2007). Schizophrenia patients also show impair-
ments on emotional intelligence measures, which contribute unique-
ly to separating them from healthy controls (Brune 2005; Penn et al. 
1997). This fi nding was subsequently replicated in a fi rst-episode sam-
ple (Lucas et al. 2009; Symond et al. 2005). At fi rst episode, patients 
also show impairment in emotion recognition, which demonstrates an 
increased degree of negativity bias (Symond et al. 2005). Meta-analysis 
of the fi ve studies assessing social cognition in fi rst-episode samples 
report a moderate overall effect size of –0.77 (Karaka et al. 2003).
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Impairments in  MATRICS domains have been found to be trait-like, persist-
ing with remission of psychotic symptoms, and occurring in fi rst-degree rela-
tives (Friedman et al. 2001b; Harvey et al. 1996; Heaton et al. 2001; Snitz et 
al. 2006). Using traditional paper and pencil batteries, a meta-analysis of 53 
longitudinal studies of cognition in chronic schizophrenia suggests that im-
pairment is not progressive (Szoke et al. 2008) and that improvements may 
refl ect practice effects, corresponding in size to those in healthy controls. 
Longitudinal studies of fi rst-episode patients are comparatively patchy, and 
none have examined MATRICS domains. The focus has been on traditional 
measures of intelligence. At a group level, these studies show relative con-
sistency of poor intelligence from one to fi ve years after the fi rst episode 
(Gold et al. 1999; Leeson et al. 2011).  When examining individual patients, 
a distinction can be made between patients with clear impairments and pa-
tients with relative preservation (Leeson et al. 2011). In the “impaired” sub-
group, poorer IQ at fi rst episode of schizophrenia was the strongest predic-
tor of poor  functional outcomes (in occupation and hospital readmission) at 
one- and three-year follow-ups (Leeson et al. 2011). Studies of individual 
cognitive tasks also suggest differential trajectories according to cognitive 
domain; for instance, more than other domains, verbal learning may decline 
after fi rst episode (Hoff et al. 1999; Townsend and Norman 2004). There 
may also be deterioration on tasks which show preservation at baseline, such 
as  visual learning; areas of decline implicate frontotemporal brain systems 
(Stirling et al. 2003).

To provide a starting point for treatment targets, these domains need to be 
assessed in more systematic longitudinal studies so that the  heterogeneity of 
schizophrenia can be explicated. For instance, such studies would determine 
if subgroups of “impaired” versus “preserved” cognition are present at fi rst 
episode, and whether these groups show deterioration versus preservation over 
time. With this type of evidence, candidate new treatments could target those 
patients with impaired status at fi rst episode who show a profi le of cognitive–
emotional function, which predicts deterioration over time, with the goal of 
halting or potentially reversing this deteriorating course.

Assessing cognitive–emotional functions for treatment targets is likely to 
require standardized testing that is consistent across site and time as well as 
cost-effective to implement. Computerized tests, validated against consensus 
domains and previously established manually administered tests, offer one 
solution. By computerizing tests, and standardizing their administration and 
scoring, tests might be comparatively easier to translate into treatment trials, 
 cognitive remediation, and clinical practice. These advantages are similar to a 
traditional paper and pencil battery test, which typically takes longer to admin-
ister and relies on specialist neuropsychologically trained personnel to admin-
ister and score responses manually.
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Are Functional Capacities Predicted by Cognitive 
Impairments in Schizophrenia Patients at First Episode?

Poor functional capacity refers to the reduced ability to function in the real 
world (e.g., in  school, at work, in relationships, with regard to  self-care) and in 
schizophrenia, it produces the burden of disease. Individuals with schizophre-
nia consistently identify meaningful relationships and the capacity to perform 
at school (or work) as their main goals.

Cognitive impairments are the strongest predictor of poor  functional out-
comes in social, occupational, and  independent living capacity in schizophre-
nia. This relationship suggests that impairments in cognition are a key factor in 
the loss of functional capacity (Green 1996; Green et al. 2004a, b; Koren et al. 
2006; Nuechterlein et al. 2004).

At baseline, distinct aspects of functional capacity have been linked to 
impairments in specifi c domains of cognition (Friedman et al. 2001a, 2002; 
Heaton et al. 2001): 

•  attention/vigilance with poor social functioning,
• verbal learning and  memory with poor social, occupational, and inde-

pendent living capacity,
•  reasoning/ problem solving with poor independent living, and
• processing speed with poor  employment capacity.

More recent fi ndings demonstrate a generalized relationship between multiple 
domains of cognition and each aspect of these functional skills, at least in older 
schizophrenia patients (Bellack et al. 2004b).

Longitudinally, a review of 18 studies has shown that cognitive impairments 
prospectively predict functional outcomes in the community over periods of at 
least six months (Green et al. 2004a). Of these studies, 12 had medium to large 
effect sizes. In chronic patients, improvements in cognitive domains have been 
shown to predict improvements in social skills performance with effect sizes of 
up to 0.92 (Nuechterlein et al. 2004). In fi rst-episode patients, impairments in 
attention/vigilance were found to predict work/school resumption, accounting 
for 52% of variance in this outcome, even after controlling for clinical symp-
toms (Nuechterlein et al. 1999; Nuechterlein et al., pers. comm.).

What Brain Systems Are Involved in Cognitive–
Emotional Impairments at First Episode? 

The brain basis of cognitive impairments in schizophrenia has been eluci-
dated using direct measures of  brain function relevant to its temporospatial 
pathophysiology (Gallinat et al. 2004; Harrison et al. 2007; Lawrie et al. 
2002). Functional magnetic resonance imaging ( fMRI) provides a high spatial 
resolution measure of  neural connectivity and electroencephalogram (EEG) 
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recordings provide a high temporal resolution measure of  neural connectivity 
(known as  gamma  synchrony) (Basar-Eroglu et al. 2007; Light et al. 2006; 
Spencer et al. 2004; Whitford et al. 2006). These two fi elds of schizophre-
nia research— brain imaging and  EEG gamma synchrony—have progressed 
by using their own sets of activation tasks, which are typically different from 
those used in neuropsychological and psychophysical research, including re-
search using the  MATRICS battery. New initiatives— CNTRICS (Cognitive 
Neuroscience Treatment Research to Improve Cognition in Schizophrenia; 
http://cntrics.ucdavis.edu/) and its successor “ CNTRACS” (Cognitive 
Neuroscience Test Reliability and Clinical Applications for Schizophrenia 
consortium; http://cntracs.ucdavis.edu/)—have advanced this goal by develop-
ing perceptual and cognitive tasks solidly grounded in cognitive neuroscience, 
including well-understood brain circuitry. These and  future studies that delin-
eate the relationships between MATRICS domains and  fMRI and EEG brain 
measures should enable greater use of perceptual and cognitive measures with 
demonstrated neural  construct  validity to be included as treatment targets and 
 outcome predictors in clinical trials and in clinical practice.

Functional Neuroimaging

The fi eld of brain imaging in schizophrenia, using cognitive activation tasks, is 
growing rapidly. Imaging fi ndings highlight a loss of activation and connectiv-
ity in frontotemporal networks. Also apparent are alterations in the  functional 
connectivity of these temporolimbic and frontal brain systems in fMRI and 
 positron emission tomography (PET) data (Engel et al. 1991; Engel and Singer 
2001; Goldman et al. 1992). Those relevant to MATRICS1 domains that are 
most impaired in schizophrenia are as follows:

• Attention/vigilance domain:  CPT tasks are the most commonly used 
in schizophrenia brain imaging studies (relevant to the attention/vigi-
lance domain of MATRICS). They show a consistent hypoactivation of 
the frontal (particularly dorsolateral) cortex (Jansma et al. 2004) and 
fronto-temporal-parietal networks (Meyer-Lindenberg et al. 2001).

• Verbal learning domain: Verbal learning tasks, such as the California 
Verbal Learning Test (CVLT), engage frontal and temporal (especially 
hippocampal) activity in controls (Johnson et al. 2001). On these tests, 
chronic schizophrenia patients show reduced activation in these re-
gions (Heinze et al. 2006).

•  Social cognition domain: Within this domain, emotion identifi cation 
tasks are used to engage frontal and temporolimbic networks (Williams 
et al. 2006). First-episode schizophrenia patients show abnormal 

1 In brain imaging publications, the CPT (n-back) task is typically referred to as one of work-
ing memory (in contrast to the MATRICS recommendation that this task defi nes attention/
vigilance).
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connectivity for this task (Das et al. 2007; Williams et al. 2007a). One 
observation is a reversal of normal connectivity between temporolim-
bic regions, such as the  amygdala and frontal areas (Das et al. 2007).

EEG Gamma Synchrony

One  of the most signifi cant recent breakthroughs in understanding the brain 
basis of “real-time” cognition is a candidate marker of  neural synchrony in the 
40 Hz gamma band of the EEG.  Gamma synchrony is purported to underlie the 
binding of information and associated neural networks for coherent  perception 
and cognition (Engel et al. 1991; Engel and Singer 2001). Initially synchro-
nous gamma activity was demonstrated in response to coherent perception in 
cat and primate cortices (Engel et al. 1991; Engel and Singer 2001). In humans, 
it is quantifi ed from EEG scalp recordings.

Current thought in schizophrenia research indicates that patients have an 
overall absolute increase in background gamma synchrony, yet relatively 
smaller increases in synchrony, compared to healthy adults, during percep-
tual and cognitive activity (Uhlhaas and Singer 2010; Williams et al. 2009b), 
and this is observed as early as the fi rst episode (Silverstein et al. 2012a). 
This pattern of results suggests that schizophrenia patients have diffi culty in 
separating relevant information from background noise (Uhlhaas and Singer 
2010; Williams et al. 2009b). These cognitive fi ndings and their relevance to 
 MATRICS domains are as follows:

• Attention/vigilance: Chronic schizophrenia patients show a loss of nor-
mal gamma synchrony on  CPT tasks, particularly over the frontal brain 
(Basar-Eroglu et al. 2007). Chronic patients also show a loss of gamma 
synchrony over frontal and temporal regions in response to a simple 
auditory attention task (Light et al. 2006). In the same auditory atten-
tion task, a corresponding loss of frontal gamma synchrony has been 
observed in fi rst-episode patients (Symond et al. 2005).

•  Social cognition domain: Abnormal gamma synchrony has been ob-
served in fi rst-episode patients during an emotion identifi cation task 
relevant to the MATRICS domain of social cognition (Williams et al. 
2009b). These abnormalities were particularly pronounced over tem-
poral brain regions.

How Do Cognitive–Emotional Impairments and Their Relationships 
with Functional Capacity and Brain Function Progress over Time?

To date, we  do  not know if patients with the greatest deterioration in cognition 
show the poorest  functional outcomes, compared to patients with comparative 
preservation. We also do not know whether cognitive impairment versus pres-
ervation relates to corresponding changes in brain function. Addressing these 
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gaps in knowledge would contribute a valuable evidence base upon which new 
pharmacological and cognitive treatments could be developed and evaluated 
for  early  intervention in schizophrenia to limit, and ultimately prevent, the 
debilitating burden of illness. New treatments that target cognition and provide 
solid cognitive endpoints are needed on which to base evaluations.

What Are the Implications for Treatment Outcomes?

Antipsychotic Medication

To date, there  is no consistent evidence for the effects of medication on cogni-
tion in schizophrenia (Goff et al. 2011). As noted previously, effective inter-
vention early on is likely to improve outcomes (Wyatt 1991). To date, however, 
very few studies have analyzed treatment outcomes for early onset schizophre-
nia, and even fewer  treatment studies have been conducted with cognitive–
emotional test predictors or endpoints. In the small number (ten) of blinded 
randomized controlled trials that have examined antipsychotics in early epi-
sode schizophrenia (Kumra et al. 1996, 2008; Pool et al. 1976; Realmuto et 
al. 1984; Shaw et al. 2006b; Sikich et al. 2004; Spencer et al. 1992), half have 
included a fi rst-generation antipsychotic (FGA) agent (such as  haloperidol) as 
well as second-generation antipsychotic (SGA) agents. Across these trials, the 
results indicate a similar response rate and side-effect profi le to those found in 
adults, although in clinical practice the traditional FGA agents are usually rel-
egated to second-line treatments. A meta-analysis of 15 treatment trials which 
did not necessarily have strict controls indicated that SGAs may be more ef-
fi cacious in early onset patients (Kryzhanovskaya et al. 2009). However, given 
the small number of trials, suffi cient evidence is lacking to determine whether 
SGAs with different mechanisms of action produce different profi les of clini-
cal effi cacy in this group. The recently completed  TEOSS (Treatment of Early-
Onset Schizophrenia Spectrum disorders) trial (in patients aged 8–19 years) 
indicates that  risperidone (SGA) was not more effi cacious than  molindone 
(FGA) over eight weeks (Green et al. 2008). Higher  self-reports of akathisia 
with molindone suggest, however, that it may produce more extrapyramidal 
side effects over longer time periods. SGA medications, such as risperidone, 
might also be relatively more effi cacious over longer periods. In the TEOSS 
study, the capacity to compare between SGAs (risperidone to  olanzapine) was 
removed since the olanzapine condition was discontinued following adverse 
 weight gain (Green et al. 2008; Patterson et al. 2001).

Cognitive Remediation

Similarly, there is a dearth of research on cognitive treatments for schizophre-
nia, especially at early and fi rst onset.  Cognitive remediation (also known as 
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“rehabilitation”) is an approach that has been found to improve systematically 
the everyday functioning of people with schizophrenia, yet it is not the fo-
cus of research funding (Wykes 2010). A meta-analysis of methods and effect 
sizes for this therapy (Marder 2006; 104 patients) has shown durable effects 
on global cognition and functioning. Stronger effects are found when cognitive 
therapy is combined with psychiatric rehabilitation and treatment in a strategic 
and adjunctive approach (Wykes et al. 2011). User-friendly methods for  cog-
nitive remediation include computerized programs integrated into usual care 
(Hodge et al. 2010); tailored computerized “brain games” have been shown to 
be effective in randomized controlled trials (McGurk et al. 2007). 

There is a need for studies that examine cognitive and emotional predic-
tors of response to cognitive treatments, and the most appropriate outcome 
measures for these treatments both alone or in combination (e.g., combined 
use of precognitive medication and cognitive remediation). Such studies could 
focus on fi rst-episode patients to limit effects of previous treatment history and 
include  brain imaging and/or EEG measures to test the mechanistic biological 
basis of treatment–outcome relationships. Overall, a focus on “personaliza-
tion” is likely to be one way to use the heterogeneity of schizophrenia to deter-
mine which subcohorts of patients show particular profi les of brain–cognition–
emotion functioning, and how these vary in a coherent way with treatment.
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Which Aspects of 
 Heterogeneity Are Useful 
to Translational Success?

Aiden Corvin, Robert W. Buchanan, 
William T. Carpenter Jr., James L. Kennedy, 

Matcheri S. Keshavan, Angus W. MacDonald III, 
Louis Sass, and Michèle Wessa

Abstract 

Schizophrenia brings challenges of heterogeneity at multiple levels related to symp-
tomatology, behavior,  outcome,  genetics, and  pathophysiology. The clinical dis-
order may capture more than one disease mechanism, which has certainly been an 
impediment to research progress. This chapter summarizes discussions on the utility 
and problems of the current, syndromal  diagnosis. Three potential conceptual para-
digms for addressing the heterogeneity problem in schizophrenia are identifi ed and 
discussed, as are the potential opportunities and challenges for future research using 
these conceptual frameworks.

What Do We Mean by the Schizophrenia Construct? 

Schizophrenia is a common disorder with signifi cant personal, medical, and 
societal implications. Diagnosis is based on observed behavior, the duration of 
symptoms, and impaired  functional outcomes. Many  clinical symptoms are de-
scribed in schizophrenia but the core clinical symptom domains are  delusions, 
 hallucinations,  disorganized speech, disorganized  psychomotor behavior, and 
 negative symptoms (e.g.,  avolition). This categorical diagnosis is operational-
ized in current  classifi cation systems by the World Health Organization ( ICD-
10) and the American Psychiatric Association ( DSM-5).

The schizophrenia construct, originally termed  dementia praecox, emerged 
from the work of  Kraepelin in the late nineteenth century (see Carpenter, this 
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volume).  Kraepelin proposed a unifying pathological process for a putative 
disease state that involved avolitional and  dissociative psychopathology and 
poor clinical outcome. Modern classifi cation was infl uenced by the subsequent 
work of  Bleuler,  Schneider, and others with some shifting from the original 
concept. A reliable approach to the defi nition of schizophrenia has emerged. 
However, the boundaries of this construct are not the same as those of the orig-
inal construct, where there is a shift in emphasis away from the combination of 
negative symptoms and  thought disorder toward  reality distortion symptoms 
(i.e.,  hallucinations and  delusions).

A diagnosis based on specifi c etiology and pathophysiology defi nes a dis-
ease entity and is a  closed construct (Figure 5.1). In a closed construct, mem-
bership is defi ned by necessary and suffi cient conditions. In contrast, a di-
agnosis in the absence of this knowledge is more appropriately described as 
a disorder or syndrome and, as such, constitutes an  open construct that may 
comprise a number of diseases not yet specifi ed by etiopathophysiology, with 
potential overlap between signs and symptoms of these and other diseases. 
In either case, clinical diagnosis can be based on specifi c criteria predicated 
on symptoms, onset, and course through which clinicians understand disor-
der prototypes. Matching an individual patient to the most likely prototype 
provides a differential diagnosis. Within the open, syndromal construct of 
schizophrenia, there are at least some identifi able closed constructs or specifi c 
disease entities, such as a small subgroup of patients defi ned by the presence of 
genetic etiology based on  22q11.2 deletions (Murphy 2002).

What Have We Learned from the Schizophrenia Construct?

An experiment  is a question which science poses to Nature, and a measurement 
is the recording of Nature’s answer.—Max Planck (1949)

Amphetamine-
induced

psychosis

22qDS

Organic
psychosis

Other psychoses

Other psychoses and
psychopathology

Other psychoses and
psychopathology

?

(a) (b) (c)

Figure 5.1  Three models of the  schizophrenia construct, delimited in gray: (a) cat-
egorical heterogeneity, (b) internal dimensional heterogeneity, and (c) broadly dimen-
sional heterogeneity. Each model suggests a different research agenda to make progress 
in understanding the disorder.
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For a century, there has been an ongoing debate about the utility of the schizo-
phrenia construct. It is well to bear in mind the assessment of this long-running 
debate made by Karl  Jaspers (1946/1997:567): “For many years the border 
between manic-depressive insanity and  dementia praecox has vacillated con-
siderably in a kind of pendulum movement without anything new emerging.” 
Jaspers recognized the diffi culty of precisely defi ning the border between these 
conditions, and he acknowledged the near-impossibility of deciding on a di-
agnosis in certain cases. He did not, however, doubt that there is something 
valid about this distinction to which we seem always to return, writing that 
“there must be some kernel of lasting truth not present with previous group-
ings” (Jaspers 1946/1997:568).

Diagnostic approaches for schizophrenia in  DSM and  ICD provide a ba-
sis for reliable classifi cation of cases. The current,  open construct, syndromal 
defi nition of the disorder has been validated by evidence at the genetic, physi-
ological,  brain imaging, psychological, social, and epidemiological levels 
(Keshavan et al. 2008; Tandon et al. 2008). Using these classifi cation systems, 
groups of cases can be distinguished from comparison groups (usually non-ill 
controls) on variables such as:

• a  family history of schizophrenia and other mental disorders,
•  genetic risk factors,
•  paternal age,
• a history of  prenatal insult,
• perinatal complications,
• neurodevelopmental defi cits,
•  childhood abuse,
•  cognitive defi cits,
• structural or functional brain differences, and
• physical health issues (e.g., reduced insulin sensitivity).

Despite robust group differences, diagnostic  biomarkers with sensitivity and 
specifi city for classifi cation of individual patients have not yet been developed.

The schizophrenia construct also defi nes a patient group which has par-
ticular needs. This has been important in the development of  treatments, in 
particular in the development of  antipsychotic medication for the treatment of 
 positive symptoms (Leucht et al. 2011) as well as in the development of a num-
ber of psychological (Wykes et al. 2008, 2011) and  psychosocial interventions 
(see Mueser, this volume) that have focused on improving functionality and 
the promotion of recovery. In addition, the signifi cant personal, family, pub-
lic health, and societal consequences of schizophrenia are enormous and have 
implications from the level of individual patient care to health  policy. People 
with schizophrenia have reduced  life expectancy (17–25 years across available 
international studies; Hennekens et al. 2005; Tiihonen et al. 2009; Kilbourne 
et al. 2009; Chang et al. 2011), substantial  comorbidities (Carrà et al. 2012), 
increased rates of homelessness and incarceration (Foster et al. 2012), and high 
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levels of  unemployment and impoverishment of social roles (Salkever et al. 
2007). Further clarifi cation of the disabilities produced by schizophrenia is 
necessary, as, to date, this information has had only a minimal impact on advo-
cacy,  peer support, and healthcare planning and provision.

Despite more than a century of research, our understanding of the biological 
basis for schizophrenia is limited. If there is a core  disease entity, this is unlike-
ly to map neatly to clinical boundaries based on behavior, symptom duration, 
and impaired functioning. Furthermore, there is marked variability in clinical 
presentation within the schizophrenia syndrome. Any two given patients may 
share no symptoms at all, at least as defi ned according to standards, and thus 
have very different courses of illness. Therefore, it is reasonable to ask whether 
the construct of schizophrenia has been useful or an impediment to research 
and treatment. Next we raise challenges to the use of the schizophrenia con-
struct and propose ways in which the construct continues to be useful.

Is the Construct Useful or an Impediment to Translation?

Schizophrenia  poses challenges of heterogeneity at multiple levels (Figure 
5.2). No two patients with this diagnosis present similarly to the clinician: 
symptom constellations and behavioral abnormalities vary between individu-
als, and often even within individuals across time points (clinical and behav-
ioral heterogeneity). The pathophysiological substrate of the illness varies 
between individuals: although the various  biomarkers differ between patients 
with schizophrenia and healthy subjects, considerable overlap exists and none 
of them is present in the vast majority (pathophysiological heterogeneity). 
Finally, etiological factors have been proposed (most notably genetic factors), 
but none is necessary and suffi cient for disease causation. The limited progress 
in developing pathophysiological and etiological understanding of schizophre-
nia is often attributed to such heterogeneity.

This issue squarely raises the question as to whether, or to what extent, 
the construct of schizophrenia is useful or constrains further progress in un-
derstanding the diagnosis, etiology, treatment, or even prevention of the syn-
drome. The fact that schizophrenia does not have a set of necessary and suf-
fi cient criteria leads to considerable differences of opinion as to its origins, 
and disagreement regarding proper treatment. To some degree this may lead to 
confusion and misperceptions by others outside the fi eld. However, this must 
be viewed in the context of treatment gains that have been made based on phar-
macological, psychological, and social  interventions. An argument has been 
made that the schizophrenia construct is  stigmatizing. In some countries, such 
as Japan, an attempt has even been made to change the name of the disorder 
(Sato 2006). Society rather than biology determines how we respond to people 
with mental illness. Based on experience from other areas (e.g., mental retarda-
tion or  learning disabilities), where the establishment of a new nomenclature 
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did not result in treatment improvements or outcome, we feel that changing the 
name is unlikely to resolve the problem.

The current  defi nition, which  is based on  Kraepelin’s proposition for a uni-
fying pathological process, assumes that schizophrenia is a single brain dis-
ease. However, there is much evidence to suggest that schizophrenia is not a 
single  disease entity. What is far from clear is the extent to which the current 
defi nition of the syndrome captures all relevant disease entities, how many 
diseases there might be, and, if there are many, whether these represent one or 
more distinct pathological processes.

 Diagnosis has been useful, as it allowed specifi c treatments to be applied 
to groups of people who share (at least some) similar features and permitted 
these interventions to be evaluated. However, it is increasingly recognized that 
diagnosis has limited utility, that new ways of conceptualizing the disorder(s) 
are needed, not least to aid the development of more effective treatments. For 
example, there  is substantial variability between patients with schizophrenia 
for measures of  cognitive impairment,  positive symptoms,  negative symp-
toms,  disorganization, and  insight into the nature of their condition. In addi-
tion, many people with schizophrenia have comorbid conditions, such as  mood 
disorders,  anxiety disorders, and  substance abuse, that are often not assessed in 
clinical practice but can signifi cantly affect outcome. The overemphasis on the 
development of  dopamine antagonists/antipsychotics for the treatment of posi-
tive symptoms has resulted in important unmet therapeutic needs (i.e., cogni-
tive impairments, negative and anxiety symptoms) for which these agents have 
limited, if any, benefi ts. The use of dimensional measures of psychopathology 
has been helpful, for example, in fostering the development of psychological 
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Figure 5.2   Modeling schizophrenia at the level of  clinical symptoms (C),  behavior 
(B),  pathophysiology (P), and  etiology (E). The fi gure indicates how  future research 
could be integrated across different levels of analysis.
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interventions that target specifi c symptoms (e.g.,  cognitive behavioral therapy 
for persistent positive and negative symptoms,  cognitive remediation for cog-
nitive impairments). Given the evidence for certain subgroups within the disor-
der of schizophrenia (e.g.,  defi cit syndrome), there are likely to be better ways 
to engage with and address treatment heterogeneity; however, the etiological 
bases for this remain to be determined.

A further criticism of the syndromal diagnosis is that it is potentially too 
simplistic in operationalizing complex phenomenology. The experience of 
 psychosis needs to be seen in the context of the person and his/her environ-
ment, as this may defi ne the experience of symptoms. The converse is also true 
in that at a symptom level, a delusion involving perceived harm by others may 
have quite a different quality and treatment implications than a delusion in-
volving the control of movement by an external entity. For example, the biases 
in attribution and jumping to conclusion style that is characteristic of  paranoia 
(Lyon et al. 1994; Moritz et al. 2012) have proven amenable to cognitive be-
havioral therapy (Chadwick et al. 1996), with its emphasis on behavioral ex-
periments and examination of evidence for and against different ideas. On the 
other hand, it has been proposed that  delusions involving control of movement 
and self-representation in space, including passivity phenomena, may result 
from  visual processing disturbances (Landgraf et al. 2012), suggesting that an 
improvement in visual functioning might prove benefi cial in addressing these 
delusions. Dimensional measurement may help in this regard and has been 
recognized in the diagnostic revisions for schizophrenia made in  DSM-5.

The dimensional approach also comes with the potential challenge of pseu-
dospecifi city. For example, a number of studies have demonstrated that  nega-
tive symptoms signifi cantly improve when  antipsychotic medications are ad-
ministered to people in the midst of an acute episode of the illness. However, 
these benefi cial negative symptom effects have been shown to be secondary 
to the primary effect of antipsychotic medications on  positive symptoms. In 
follow-up studies, when the same agents have been used to treat clinically 
stable people with  schizophrenia with persistent negative symptoms, only lim-
ited benefi ts for this aspect of the illness have been observed.

For the clinician, the syndrome is useful in identifying the wider treatment 
challenges, where a simpler psychosis construct would not. The emphasis on 
functional impairment and duration of symptoms, although arbitrary and even 
if they are perhaps the most relevant dimensions from a clinical perspective, 
brings into focus a group of patients who are likely to have enduring mental 
health problems and require planning for future care delivery.

Despite some progress, and as noted by Carpenter (this volume), progress in 
fi nding the causes of schizophrenia has been slowed by including what appear 
to be several heterogeneous syndromes in the same group in most of schizo-
phrenia research. The problem is becoming more apparent as the armamen-
tarium of investigative methods expands. Schizophrenia is a “black box” with 
a fuzzy boundary defi nition. We do not have suffi cient evidence to replace 
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the defi nition with constructs incorporating newer neuroscience or cognitive-
based theories, such as “failure of neuroconnectivity syndrome”or “social and 
cognitive defi cit disorder.” We can certainly alter the dimensions of the “box,” 
but in the absence of empirical evidence, we cannot know whether it is more 
useful to widen or narrow the diagnostic criteria. Findings from schizophrenia 
genetics illustrate this point.

From  genetic  epidemiology, we can defi ne a family of schizophrenia spec-
trum disorders which share many of the group features of schizophrenia pre-
viously described (Kendler et al. 1993). It is well established that many of 
these group features (e.g., imaging, electrophysiological, and cognitive vari-
ables) extend to family members with no psychiatric diagnosis. More recently, 
large register-based population cohorts indicate clustering of other psychiatric 
disorders, including  bipolar disorder,  depression, and  autism in the families 
of schizophrenia patients (Lichtenstein et al. 2009; Mortensen et al. 2010; 
Sullivan et al. 2012b). These data suggest signifi cant fusion or overlap of the 
boundaries across a number of psychiatric diagnostic categories. This shar-
ing could relate to a shared core pathology, a shared noncore pathology (e.g., 
 anxiety), and/or a pre-disorder vulnerability platform shared by both disor-
ders or nonpathological confounds (e.g., lifestyle factors more common to 
these groups). Evidence from molecular studies (e.g., genome-wide associa-
tion studies) provides empirical support, at least for the overlap of common, 
small (odds ratio <1.3)  genetic risk factors between schizophrenia and bipolar 
disorder (International Schizophrenia Consortium 2009). Molecular studies 
have also revealed a series of rare structural genomic variants ( copy number 
variants, CNVs) of larger effect on risk (odds ratio 3–20) in a subgroup of 
patients (for a review, see Malhotra and Sebat 2011). As was the case with 
 22q11.2 deletion syndrome, the newer risk CNVs (e.g., deletions at 1q21.1, 
3q29, 15q11.2, and duplications at 16p11.2 and 16p13) all show evidence of 
 pleiotropy. This means that each CNV has variable infl uences on multiple phe-
notypic outcomes (e.g., schizophrenia, autism,  intellectual disability,  epilepsy, 
and  obesity).

The critical question in genetics is how to translate these fi ndings into an 
etiological understanding of schizophrenia. The heterogeneous population 
identifi ed by the  DSM-IV and  ICD-10 criteria represents potentially many 
different pathophysiological or etiological processes. With no clear strategy 
to reduce heterogeneity, disambiguating the statistical association with small 
effects in large numbers of subjects or large effects in very small groups is 
challenging. Investigating genetic fi ndings requires an ability to validate these 
fi ndings using other paradigms (e.g.,  animal models). To do this requires some 
understanding of which heuristic framework to use to account for heterogene-
ity optimally (for further discussion, see Williams and Gott, this volume). The 
current genetic data is insuffi cient to support widening the schizophrenia con-
struct into a broader “neurodevelopmental disorder” construct. However, CNV 
fi ndings challenge us to ask if having a pathogenic mutation of, for example, a 
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gene like  Neurexin-1 (Rujescu et al. 2008; Kirov et al. 2008) or  VIPR2 (Vacic 
et al. 2011) independently affects risk of  autism and schizophrenia, or whether 
the mutation impacts a neurodevelopmental mechanism which can have as its 
consequence either autism or schizophrenia, or some features of both. These 
rare forms may represent discrete disease entities within the syndrome or dis-
eases that overlap with the syndrome. Under the current criteria, schizophrenia 
is diagnosed by exclusion of cases with known medical etiology. How will 
these new genomic disorders shape diagnostic practice? In our view, to restrict 
the syndrome of schizophrenia by excluding novel genomic disorders, which 
may be etiologically informative, appears unhelpful.

Paradigms  for Addressing the Heterogeneity 
Problem in Schizophrenia

Measure what is measurable and make measurable what is not. —attributed to 
Galileo (1564–1642)

The challenge facing our fi eld is to develop paradigms in addition to a diag-
nosis that address the signifi cant heterogeneity and provide more robust ap-
proaches to  etiology, pathophysiology, prevention, and therapeutic research. 
Heterogeneity is not a problem unique to schizophrenia. Cancer serves as a 
useful analogy. In the case of breast cancer, diagnosis was initially made ac-
cording to phenotypic features (e.g., tumor node, metastases); later classifi ca-
tions included histological grading (based on tumor cell differentiation) and 
even more recently include underlying causes and mechanisms (e.g., those 
with known genetic causation, those with altered estrogen receptor sensitiv-
ity). Throughout all of this, the concept of  cancer still remained and the fi eld 
happily accepted diagnostic pluralism, with all three approaches to classifying 
the disease being used as needed for the appropriate purposes. At the molecular 
level, it is interesting to note that some cancer centers conduct DNA sequenc-
ing on the tumor tissue of every individual patient and use this to inform treat-
ment; this suggests a unique  disease entity for each person. Here, heterogeneity 
alone was not a barrier to improving  nosology and  treatment.

Investigating disorders of the brain naturally presents additional challenges. 
However, progress has been made for brain disorder syndromes, including  epi-
lepsy and intellectual disability. In the case of schizophrenia, we are hampered 
by the lack of an objective measure or biomarker for defi ning individual cases 
of the disorder. In the absence of specifi c markers or pathology, what may be 
most relevant at this stage are paradigms with a strong evidence base that opti-
mize discovery, treatment, and patient care by  reducing heterogeneity. Meeting 
the standard principles of scientifi c measurement and addressing differences in 
study design, research measures, and research settings are general challenges 
to any new paradigm. We recognize that discovery is an iterative process and 
that useful paradigms must be suffi ciently fl exible to allow new hypotheses 
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to be challenged and incorporated or rejected as we try to understand the syn-
drome. This will require integration across levels of analysis and disciplines. In 
a wider sense, to bring about advances in neuroscience and other disciplines to 
bear on the study of schizophrenia, we need to have greater interaction across 
research disciplines to improve discovery.

We have identifi ed three potential conceptual paradigms for considering 
schizophrenia (see Figure 5.1). The fi rst model (Figure 5.1a) represents cat-
egorical heterogeneity. In this case the  open construct of the syndrome can be 
parcellated into different, identifi ed closed constructs. These can stay within 
the syndrome for further research (e.g., novel 1q21 deletions or future disease 
entities) or can be “carved out” from the construct once a medical cause is 
elucidated (e.g., syphilis as a cause of psychosis). Currently,  closed constructs 
would be removed from the syndrome in this model if they have the symp-
tom criteria but fail the etiological rule-out or symptom duration specifi er for 
schizophrenia (e.g., amphetamine-induced psychosis). Whether this approach 
is helpful for studying etiology or  pathophysiology may require further con-
sideration, although it is a clinically useful distinction. To take another exam-
ple, many neurodevelopmental syndromes (e.g.,  verbal and nonverbal  learn-
ing disabilities) can include features found in schizophrenia such as  negative 
symptoms,  disorganization, poor  social cognition, and  visual processing im-
pairments (see the discussion on comparative studies in Silverstein et al., this 
volume), features that are not generally considered in the diagnostic criteria 
for these syndromes. This has led to a relative lack of potentially useful studies 
comparing, for example, schizophrenia and neurodevelopmental syndromes 
on their similarities and differences in etiology, course, and phenomenologies. 
Here, clinical but not research utility has been served. As more is understood 
about the genetic etiology of intellectual disability syndromes (many are as-
sociated with well-characterized genetic mechanisms), these could be concep-
tualized as potentially useful schizophrenia models. The defi ning characteristic 
of this model is that heterogeneity is reduced by identifying and separating 
different categories within the schizophrenia construct.

In the second model (Figure 5.1b), we conceptualize dimensions within the 
schizophrenia construct. The internal dimensional heterogeneity model could 
include the dimensional constructs in, for example,  hallucinations,  delusions, 
 depression,  mania,  disorganization of thought,  restricted affect,  psychomotor 
abnormalities,  avolition, and  cognition impairment. However, it could also 
accommodate other dimensions related to how the disorder presents (e.g., 
temperament or other personality dimensions). In contrast to the fi rst model, 
heterogeneity within the construct derives from continuous factors, and iden-
tifying the heterogeneity is addressed by understanding these factors and ac-
counting for them in treatment.

The third model (Figure 5.1c) is similar to the second, but allows for ex-
tension of the dimensions beyond the core syndrome and could include traits 
(e.g., in related psychotic disorders) that vary on a continuum in the general 
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population (e.g.,  anhedonia,  paranoia, psychosis) (van Os et al. 2009). This 
model emphasizes broadly dimensional heterogeneity and is similar to the 
 Research Domain Criteria (RDoC) approach, which includes dimensional 
measures of behavioral and neural circuit response (e.g., negative valence sys-
tems or arousal/regulatory systems). An extension would be to see this model 
within a broader platform of risk states (e.g., high-risk studies for schizophre-
nia or the concept of a  pluripotent risk state). Again this could include aspects 
of normal variation (e.g., lability, introversion, alienation). In contrast to the 
second model, heterogeneity within the construct of schizophrenia is thought 
to be related to continuous factors that are also operative in other conditions. 
From this perspective, heterogeneity within schizophrenia informs and is in-
formed by symptoms and individual differences found in other psychiatric dis-
orders and in the general population.

Working with These Paradigms

A key purpose of developing new paradigms is to facilitate analysis across dis-
ciplines and at multiple levels to maximize discovery. There are examples from 
the literature where including this second dimensional level of measurement 
has proved helpful for analysis across disciplines (e.g., with the defi cit syn-
drome concept). We propose a framework that involves four levels of analysis: 
 clinical symptoms,  behavior/cognitive domains,  pathophysiology, and etiol-
ogy (see Figure 5.2).

This is a multidirectional framework, in which there is integration across 
 analyses. We suggest that this framework could be helpful in allowing more 
collaboration between clinical research in patient populations and basic scien-
tists working with model systems. This framework is similar conceptually to 
the RDoC but is less constrained.

Such an approach generally emphasizes the building of associations be-
tween two levels of analyses (e.g., a pathophysiological process and a behav-
ioral measure). There are additional examples where research reaches across 
three levels of analysis; for example, transgenic mouse models which examine 
both the pathophysiological consequence of a mutation and alterations in be-
havior, or  human neuroimaging studies which link activation abnormalities to 
impaired cognitive processes and symptoms. These links are generally tested 
using as few variables as possible to avoid multiple comparisons.

In addition to collecting data across multiple levels of analyses, a newer 
generation of statistical and  data-mining algorithms have opened up new ways 
to examine these data. There are, for instance, increasingly viable methods 
to examine relationships across multiple levels of analysis using many vari-
ables at once. Procedures such as independent components analysis can be 
used to sort large matrices of data into simpler covariance structures. Such 
correlational links can provide important targets for understanding causality, 
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particularly in cases where multiple pathways can be examined and compared. 
In addition, a new approach to data-mining algorithms, known as frequent pat-
tern mining (Ceglar and Roddick 2006; Han et al. 2007; Tan et al. 2005), has 
been developed for just these kinds of problems across a number of areas in in-
dustry and science. Frequent pattern mining has a solid theoretical foundation 
derived in part from formal concept analysis (Ganter et al. 1999), and it now 
has a number of effi cient algorithms which seamlessly incorporate inferential 
statistics, intelligent algorithms, data reduction, and pattern-pruning strategies 
to maintain statistical power and increase computational effi ciency, even when 
the number of variables and patterns considered is large (Fang et al. 2010, 
2012). Such data-mining approaches provide another viable means for draw-
ing together data across heterogenous data sets and extracting method-related 
variance to observe more clearly the relationships associated with potentially 
causal pathways.

Measured parameters may be defi ned, but these need to be validated and 
reliably measured using available technology. This will change, in some cases 
rapidly. For example, there are opportunities to develop level 1 assessment 
tools for symptoms, psychological or phenomenological states through the 
Internet or mobile phone interfaces. These could provide unprecedented access 
to “real-world” subjective phenomena in large patient samples.

At level 1 in the model, the investigator would defi ne symptom domains of 
interest such as obsessive symptoms,  avolition, or  thought disorder. This would 
enable more specifi c and robust investigation of the phenomena at levels B 
(behavioral), P (pathophysiological), and E (etiological). A symptom domain 
may identify a subgroup of interest as illustrated by using primary negative 
symptoms to separate  defi cit  schizophrenia from  nondefi cit  schizophrenia with 
substantial differences between the two groups at levels B, P, and E. Based on 
phenomenological exploration, there is also the potential for discovery of more 
subtle but perhaps more decisive dimensions or matrices of subjective experi-
ence. For example, this could be based on disturbance of the “minimal  self” 
or “basic self” sometimes termed “ipseity” (the basic sense, usually implicit, 
of existing as a subject of experience or as an agent). It might also target the 
closely related issue of fundamental temporal structuring of experiences. In 
turn, this could generate hypotheses for testing at level 2 or 3, by examining 
psychological processes or normal circuits subserving self-experience tempo-
rality or interconnected processes of  motivation and  emotion.

At level 2, there is the possibility of investigating how process relates to 
clinical symptoms (level 1) as well as to circuitry (level 3). Level 2 is an im-
portant intermediate level which might also be understood as a relay between 
pathophysiological processes and clinical symptoms. Taking reinforcement 
learning as one example, a level 2 behavioral process might translate into 
different clinical symptoms, such as depressive  mood, perseveration, or risk-
taking behavior. On the neural level, disturbances in an orbitofrontal-limbic-
striatal circuit are supposed to mediate  reinforcement learning (Cools et al. 
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2002; Remijnse et al. 2005). However, differential activation (hypo- or hyper-
activation) has been associated with the anticipation of and response to reward 
or punishment, or the switch of one’s own behavior according to the feedback 
(e.g., Linke et al. 2012; O’Doherty et al. 2001). Therefore, a neural systems 
perspective which spares the currently ongoing behavioral/cognitive process 
would not solve heterogeneity in observed neural activation patterns in, for ex-
ample, schizophrenic patients and related psychopathologies. We would hence 
argue that experimental investigations should not focus on one single level of 
analysis but acquire data on clinical symptoms (C) as well as on psychologi-
cal (B) and pathophysiological (P) processes. The accurate measurement of 
the different domains, which implies thorough operationalization according to 
principles of test theory (i.e.,  validity and reliability), is indispensable for such 
an approach. With fast developing utilities of, for example, machine learning 
algorithms and clustering methods, we should be able to challenge an integra-
tive analysis of these different levels in the future. With common correlational 
approaches, multimodal data can be related even to date.

An example at Level 3 is the recent implication of alterations in   gamma 
oscillations, which refl ect aberrant synchronization of neural activity in parv-
albumin-positive cortical  GABA neurons  as underlying  executive function and 
 working memory impairments in schizophrenia (Gonzalez-Burgos et al. 2011).

At level 4, we could identify a novel genetic risk factor and use this to iden-
tify molecular subgroups within the schizophrenia syndrome to be examined 
multifactorially at levels 1–3. At a physiological level, we could investigate 
at a molecular or circuit level using neuroimaging approaches, but also at a 
cellular level using animal systems or human-induced pluripotent stem cells 
from patients who carry a particular risk factor. The same types of human and 
animal experimental work can be applied to investigate at a  behavioral domain 
and clinical symptom level.

To be effective, this approach relies on information sharing across groups 
and the development of large patient cohorts with information available on 
many parameters. This would allow for hypothesis generation using correla-
tion analysis across levels of analysis in human subjects, which could then be 
validated in model systems. The reverse approach could also be applied, with 
wider availability of information on models from levels 2 and 3. The develop-
ment of  data sharing could be open source or through summaries of available 
measures by interested researchers. This could be provided at an “exchange” 
for potential collaborators.

Into the Future 

The framework that we have suggested may be helpful in  reducing heterogene-
ity in studies of schizophrenia. In this we call for multidimensional analysis.
We wish to emphasize that this is not a standard call for large databases and 
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even larger international consortia. The potential application of this approach 
for standard statistical approaches, data mining, machine learning, or crowd 
sourcing may be apparent. We believe that this framework has the fl exibility to 
allow individuals with creative ideas to examine novel hypotheses by bringing 
together unusual clusters of symptoms, risk factors, or other measures. These, 
in turn, can be tested across levels and validated to confi rm or be discarded 
by a researcher so as to prioritize a more heuristically informative hypothesis.

The neurodevelopmental etiology of schizophrenia needs to be seen in the 
context of limited (current) understanding of the normal trajectory for neuro-
development. Schizophrenia needs to be conceptualized in a developmental 
or  staging context (Hickie et al. 2013; Wood et al. 2011). There is evidence 
for people at perceived high risk of schizophrenia, based on risk factors such 
as  family history and being within the  age of greatest risk. A subset of people 
will develop subsyndromal symptoms (e.g.,  anxiety or prodromal symptoms) 
while another will develop schizophrenia. These stages of the evolving ill-
ness may be determined in a temporal framework. For example, genetic and 
early environmental factors, such as  viral exposure and  periadolescent psy-
chosocial stress, can serve as subsequent etiological “hits”; these etiological 
events may interact to produce the sequential evolution of pathophysiology 
and clinical features of the premorbid, prodromal, and psychotic phases of the 
schizophrenic illness (Figure 5.3). Epidemiological evidence suggests that a 
 pluripotent risk state can be identifi ed with a range of potential outcomes from 
a return to normal function to the development of the schizophrenia syndrome. 
However, better understanding of  risk and  resilience factors is needed to de-
velop effective  primary and   secondary prevention strategies. Also required are 
prospective studies that examine interaction of risk and protective factors over 
time (for a discussion, see C. Morgan et al., this volume).

Clinical

Pathophysiology

Etiology

C1 C2

C3 C4

P1 P2 P3 P4

E1 E2 E3 E4

Figure 5.3  Representation of how different  etiologies (E1, E2, etc.) could potentially 
contribute to different  pathophysiology processes (P1, P2, etc.) with different clinical 
presentations across life span. This shows how etiological mechanisms may interact 
with each other and with brain development to infl uence a disease process.
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How Should  Resilience 
Factors Be Incorporated in 
 Treatment Development?

Peter B. Jones

Abstract

This chapter reviews the defi nitions of resilience with respect to psychological disorder 
and to schizophrenia, in particular. Alternative meanings of resilience emphasize innate 
characteristics and the  steeling effect of experiences; these are not mutually exclusive 
and both could be harnessed in terms of treatments for the disorder. The implications of 
resilience are already well known in the sphere of  psychosocial interventions and recent 
developments in cognitive therapies. The notion of building structural or physical resil-
ience of the brain to prevent the onset of schizophrenia is not new:  Kraepelin discussed 
such an approach in the conclusion of his most defi nitive description of  dementia prae-
cox a century ago. To do this successfully, however, remains a challenge, but much 
could be done if studies on risk modifi ers and causes were reformulated toward public 
health intervention. Finally, new domains for inquiry into developmental resilience are 
explored, with a focus on  neural connectivity and healthy brain growth.

Defi nitions of Resilience

What does not kill us makes us stronger…—Friedrich Nietzsche (1887, in 
Bittner 2003:188)

Like many seemingly precise terms, resilience can mean substantially different 
things to different people and in different contexts. In the physical sciences, 
 resilience refers to a characteristic of materials and summarizes the extent to 
which they return to their prior form following some form of deformation. This 
meaning does not infer that something is rigid and unaffected by stress, but 
measures the extent to which it returns to the status quo. Such resilience is an 
innate characteristic but, even so, may be subject to environmental infl uences; 
for instance, rubber may be more or less resilient at different temperatures. 
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This meaning is readily translated into psychology as an individual’s tendency 
or ability to recover from the effects of adverse events is well known to lead to 
disorder. Thus, it captures a degree of adaptability that may arise from innate 
as well as acquired factors: the ability to bounce back. Resilience is something 
revealed only in the face of  adversity (Rutter 1985) and is distinct from the 
concept of a protective (or risk) factor.

Resilience can have another related meaning and involve cases where adver-
sity has no effect, whatsoever, on an individual: resilience so strong that no de-
formation occurs, and physical or psychological adversity has no effect. This is 
relevant to schizophrenia and other psychiatric research, especially in the realm 
of risk research.  Risk factors are simply measurable features that are statisti-
cally associated with an outcome when groups which present these features are 
compared to groups that do not. Such risk factors can usefully be distinguished 
between those that, themselves, modify the probability of disorder (i.e., risk 
modifi ers) and risk indicators that are simply pointers toward the former.

 Genetic risk for schizophrenia, manifest as  family history, is conventionally 
accepted as a risk modifi er, indicating the presence of disease-related genetic 
factors and a manyfold increase in risk of the disorder (Cardno et al. 1999). 
The situation is, however, much more complicated, as we now appreciate that 
the transmitted risk is not only for schizophrenia but also for other severe men-
tal illnesses (Gottesman et al. 2010), including  autism (Sullivan et al. 2012b). 
There may be common mechanisms involving genes for proteins important 
for neurodevelopment and synaptic functioning (Guilmatre et al. 2009). The 
converse of this lack of specifi city is the fact that this genetic risk may remain 
unexpressed. Even in  monozygotic (MZ) twins discordant for schizophrenia, 
one twin may remain mentally healthy (Gottesman and Bertelsen 1989) even 
though endophenotypic characteristics may be present (Gottesman and Gould 
2003). It is unclear whether the discordance involves an additional resilience 
factor(s) in the unaffected twin or whether some component of the complete 
causal constellation is missing.

Although familiar, these fi ndings emphasize the bias in schizophrenia re-
search to search for causes and mechanisms of the disorder rather than re-
silience and  protection. Manfred  Bleuler made careful observations on “the 
offspring of schizophrenics” (Bleuler 1972, 1974) who lived with parents that 
were resident patients in his asylum, sometimes within nonpatient families ac-
commodated at the asylum. His clinical interests were quickened by the fact 
that, as Gottesman and Bertelsen showed for MZ twins, many of the offspring 
of affected parents remained in good mental health throughout much or all of 
the period of risk of psychosis. His summary has an optimistic air (Garmezy 
1977) and presages our current interest in  gene–environment interactions. He 
also alluded to yet a third defi nition of resilience, namely that of “steeling” or 
environmental inoculation. This is a particular example of where environment 
can change resilience not in a moment-by-moment instance, but in the long 
term and in subsequent, different environments. Bleuler wrote (1974:106):
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…despite the miserable childhoods described above, and despite their presum-
ably “tainted” genes, most offspring of schizophrenics manage to lead normal 
productive lives. Indeed, after studying a number of  family histories, one is left 
with the impression that pain and suffering can have a steeling—a hardening—
effect on some children, rendering them capable of mastering life with all its ob-
stacles, just to spite their inherent disadvantages. Perhaps it would be instructive 
for future investigators to keep as careful watch on the favorable development 
of the majority of these children as on the progressive deterioration of the sick 
minority.

This idea of steeling or hardening can be traced back to the mental hygiene 
movement in the early twentieth century and the roots of child psychiatry 
(Rutter 1985). It is inherent in developmental views of normal and psycho-
pathological states in childhood and beyond, such as  attachment theory and 
the importance of family and parent–child relationships (Bowlby 1969, 1973, 
1980). In the context of adult psychiatry, attachment has gained ground in 
terms of understanding the emergence of personality disorder, but the long-
term steeling effects of early experiences, rather than any deleterious effects, 
have been more controversial. That said, there have been trials of inoculation 
or “resilience training” to prevent disorders, such as adjustment reactions and 
 posttraumatic  stress, particularly in special groups such as emergency workers 
(Varker and Devilly 2012).

Thus, the concept of resilience has a long history and has been incorporated 
into early discussions of schizophrenia. Let us now consider the place of resil-
ience in current thinking about treatments for the disorder.

Incorporating Resilience into Treatment 
Development in Schizophrenia

Nietzsche was wrong. Well, he would have been wrong had his view that 
adversity can lead to personal resilience, encapsulated in the opening quote, 
been applied to schizophrenia. Untreated psychosis leads to a deterioration of 
outcome (Marshall et al. 2005b) and, following fi rst remission, each relapse 
leads to an accumulation of residual symptoms and a worsening of  functional 
outcome (Robinson et al. 1999, 2004; Wiersma et al. 1998). Nevertheless, 
long-term studies indicate that over 20–30 years, a signifi cant proportion of 
people with the diagnosis can function independently and without medication 
in normative social roles (Silverstein and Bellack 2008). Short-term studies 
of psychiatric rehabilitation interventions also indicate that cognitive, inter-
personal, and community functioning can be improved through interventions 
that develop skills (e.g., Silverstein 2000). This is consistent with the focus on 
recovery of role functioning and identity that is independent of having a mental 
disorder (e.g., Roe 2001).
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Such an approach builds upon the fi rst defi nition of resilience, where it is 
viewed as a property that facilitates recovery or prior form or function. Nursing 
and clinical psychological formulations of schizophrenia routinely incorporate 
an assessment of an individual’s strengths and resources from a psychological 
and social point of view (Jones and Marder 2008). These resilience factors 
are woven into a  psychosocial treatment package, conventionally used in tan-
dem with  antipsychotic drugs. Individuals are encouraged to recognize and 
develop those factors which, together with knowledge about their condition, 
can considerably enhance their ability to manage the illness, so as to improve 
general functioning, maximize benefi t from therapies, minimize unwanted ef-
fects, identify triggers for relapse, and reduce the risk of such events. This use 
of strengths and personal resilience in the management of schizophrenia is not 
specifi c to the illness. Rather, it is merely an adaptation of modern principles 
underpinning the effective management of long-term conditions (Goodwin 
et al. 2010). Resilience factors are naturally incorporated into the multidisci-
plinary management of schizophrenia as a long-term, complex condition.

There is, as yet, less to say about individual resilience and its interaction 
with drug treatments or biological approaches. Pharmacogenetic studies, 
whether of prescribed or illicit drugs, are always couched in terms of risk. No 
one would encourage a person with schizophrenia to continue taking  cannabis 
on the basis of their genotype; however, most clinicians would doubly stress 
the importance of abstinence in the face of a putative risk allele, if one could 
be convincingly identifi ed (Decoster et al. 2012).

Global  intellectual ability and performance in individual cognitive domains 
are known to be positively associated with  functional outcome in schizophre-
nia. Good performance can be considered as resilience.  Cognition has be-
come a key aspect of  clinical assessment and a target for drug development 
(Nuechterlein et al. 2008; Kern et al. 2008). However, to date there is no 
convincing evidence that any particular cognitive profi le can be considered a 
marker of resilience to guide drug therapy, nor that there are useful cognitive 
enhancers; few trials are adequately designed to even demonstrate useful ef-
fects (Kane et al. 2010b; Keefe et al. 2013).

Nondrug approaches to cognition, such as  cognitive remediation therapy 
(CRT), show promise in schizophrenia (Jones and Marder 2008; Wykes et al. 
2011; Keefe et al. 2012). There is some evidence that patient ratings of the 
therapeutic alliance make a difference to outcome of cognitive remediation 
(Huddy et al. 2012), but this cannot really be considered as, or related to, a 
resilience factor. Of the few investigations into modifi cation of the effect of 
psychological therapy by  genotype, Greenwood and colleagues (2011) discov-
ered that there was absolutely no association between the  catechol-O-meth-
yltransferase val158met polymorphism and cognitive improvement following 
CRT in schizophrenia.

As markers of resilience, higher IQ or cognitive reserve and age have been 
examined as modifi ers of the effect of CRT. Kontis and colleagues (2012) 
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demonstrated that the effects of  CRT were limited in older people with schizo-
phrenia and that cognitive reserve did not infl uence the relationship of age with 
CRT effi cacy. Higher premorbid IQ was associated with increased practice ef-
fects on  working memory in younger but not in older individuals. Just as in 
drug therapy, it is not straightforward to see how  cognition can be construed 
as a marker of resilience to be incorporated into the development of psycho-
logical therapies for schizophrenia and to guide their use. However, cognitive 
ability remains a logical target for such treatments.

Incorporating Resilience into the Prevention of Schizophrenia

Resilience is not a property that will aid recovery or enhance the effi cacy of 
treatments. It is something that will  prevent parts of a causal complex, such as 
stressful events, drug use, or even  genetic risk, from adding up to an inevitable 
pathway to illness. Thus, incorporating resilience into the prevention of schizo-
phrenia seems to be an area that warrants consideration.

Recent epidemiological studies of  psychosis have revealed the higher 
than expected prevalence of psychotic experiences in the general population 
(Kelleher et al. 2012b), with fi gures of over ten percent depending on age. Very 
few of these people go on, however, to develop a clinically relevant psychotic 
syndrome or illness, even among those who seek help (Morrison et al. 2012). 
The majority of people who have psychotic experiences could be said to be re-
silient to their evolution into illness and a diagnosis of schizophrenia. The fact 
that so many people can be untroubled by hallucinations or  delusional beliefs 
is troubling for psychiatry but less so for clinical psychology. Just as clinical 
psychology builds resilience into its management, it also incorporates a spec-
trum of systematization and impact of symptoms, and recognizes that some 
symptoms can lead to others in a dynamic and even multifaceted way.  Anxiety, 
 depression, and psychotic symptoms can form a self-perpetuating cascade of 
psychopathology in some people, but not in others.  Psychiatric epidemiology 
is only recently beginning to grapple with this level of complexity (Kessler et 
al. 2012).

Individual differences, including age and developmental stage, may foster 
resilience (for further discussion, see C. Morgan et al., this volume). General 
cognitive ability or IQ constitutes, however, a crucial factor.  Population-based 
studies have consistently shown that IQ is lower in children who subsequently 
go on to develop schizophrenia, and that  protection or resilience is also attribut-
able to higher IQ or cognitive reserve (Barnett et al. 2006). A recent systematic 
review and meta-analysis of the epidemiological studies of this phenomenon 
(Khandaker et al. 2011) confi rms the dose-response relationship between pre-
morbid IQ and schizophrenia, such that there was a 3.7% decrease in risk with 
every one point increase in childhood IQ. This relationship between early life 
IQ and  psychopathology appears for individual symptoms as well as diagnoses 
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and is relatively marked for psychotic experiences compared with  depression 
and  anxiety (Barnett et al. 2012). There is some evidence that this relationship 
breaks down at very high levels of IQ (Karksson 1970; Isohanni et al. 1999), 
but the relationship pertains for the vast majority of the population.

The relationships between schizophrenia, IQ in childhood, and early  motor 
development—ineffi cient in those destined for schizophrenia as adults—are of 
interest. They may all be manifestations of the effectiveness of  neural connec-
tivity, something that allows a parsimonious explanation of their association 
(Jones et al. 1994; Isohanni et al. 2001; Ridler et al. 2006; Vértes et al. 2012; 
Alexander-Bloch et al. 2012). Simply  put, this suggests that a resilient brain 
is a well-connected brain, one in which there is an economic balance between 
the costs of maintaining long-range connections and the effi ciency of links 
between brain regions that share similar inputs (Vértes et al. 2012).

What makes a healthy, effectively connected, well-grown, and resilient 
brain? This is clearly a question with a complex answer. Genetic and envi-
ronmental infl uences are going to be involved, operating from conception 
through intrauterine life and beyond, to account for the risk for schizophrenia. 
By environment, I refer both to the physical milieu of  nutrients, toxins, and 
other physiologically important factors as well as electrical activity and experi-
ence—things that shape neural structures as well as depend upon them.

There are myriad epidemiological  risk factors for schizophrenia. Some are 
likely to be risk modifi ers, ranging from  prenatal paternal death (Huttunen and 
Niskanen 1978) and infection (Khandaker et al. 2012a, b), to excess or lack 
of  vitamin D (McGrath et al. 2010). Like these diverse examples, most risk 
factors operate in early life, prior to the completion of brain growth in the late 
twenties. In short, anything which jeopardizes healthy brain growth decreas-
es resilience to schizophrenia. By extension, the promotion of healthy brain 
growth will increase resilience to schizophrenia, as well as an infi nite number 
of other benefi ts.

As with so much to do with schizophrenia,  Kraepelin addressed resilience 
and contemplated public health approaches to  prevention through its promo-
tion. In his textbook on Dementia Praecox and Paraphrenia (1919/1971:253) 
he addressed prophylaxis when considering children at genetic or behavioral 
risk for the disorder:

In children of such characteristics as we so very frequently fi nd in the previ-
ous history of  dementia praecox, one might think of an attempt at prophylaxis 
especially if the malady had been already observed in the parents or brother and 
sisters. Whether it is possible in such circumstances to ward-off the outbreak of 
the threatening disease, we do not know. But in any case it will be advisable to 
promote to the utmost of one’s power general bodily development and to avoid 
one-sided training in brain work,  as it may well be assumed that a vigorous body 
grown up under natural conditions will be in a better position to overcome the 
danger than a child exposed to the infl uences of effeminacy, of   poverty, and of 
exact routine, and especially of city education. Childhood spent in the country 
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with plenty of open air, bodily  exercise, escalation beginning later without ambi-
tious aims, simple food, would be the principal points to keep in view. Meyer...
hopes by all these measures to be able to prevent the development of the malady.

This line of argument regarding connectivity echoes Khan’s (this volume) 
view of schizophrenia as a cognitive disorder. I would argue that the lifelong 
cognitive aspects of schizophrenia share a common cause with other  psycho-
pathology  and phenomena seen in the disorder, including developmental and 
motoric aspects; cognitive aspects occur in parallel with these, but do not un-
derlie them. All are due to a disorder (or variant) of connectivity development, 
which will have genetic as well as environmental components. It may lead to 
self-perpetuating and perhaps a catastrophic discrepancy in normal function-
ing. It will also be sensitive to the developmental stages of the brain through-
out the fi rst three decades of life. Most importantly, connectivity development 
disorders mirror the risk of schizophrenia over the life course of an individual. 
Kraepelin proposed that healthy development and the growth of a well-con-
nected and resilient brain are well placed to buffer, create, and interact with its 
environment.

Conclusions

Given our present state of knowledge, which has not progressed much since 
Kraepelin, resilience to schizophrenia and its prevention can perhaps best be 
achieved by promoting health in all spheres of life: physical, psychological, 
and social. Obviously, this would require a massive effort, yet the benefi ts 
would be far-reaching, extending well beyond schizophrenia. All of society—
whether at political, societal, professional, or individual levels—bear a respon-
sibility for this effort, which can be targeted at the general population (primary 
 prevention) as well as those at risk (secondary prevention). Resilience factors 
developed in such a way could, by design, be incorporated into the develop-
ment of psychological treatments at all stages of the disorder: premorbid, pro-
dromal, and thereafter. Even if drug treatments can be tailored to individuals 
through genetic or other biomarkers, their emphasis is still likely to be on risk, 
in terms of nonresponse or side effects, rather than on resilience. Biological 
psychiatry is capable of focusing on individuals at risk, but has yet to add re-
silience to its therapeutic palette. 
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Insights into New Treatments 
for  Early  Psychosis from 

Genetic, Neurodevelopment, 
and Cognitive 

Neuroscience Research

Kristin S. Cadenhead and Camilo de la Fuente-Sandoval

Abstract

Increasingly, schizophrenia research has emphasized the premorbid or prodromal pe-
riods of illness with a focus on identifying  risk factors for later psychosis and under-
standing the mechanisms by which the neuropathological changes occur early in the 
course of illness. Genetic and epidemiological studies have begun to identify specifi c 
“vulnerability” genes and  environmental risk factors which together may contribute to 
neurodevelopmental abnormalities and the emergence of psychosis. Neuroimaging and 
electrophysiological studies demonstrate altered developmental trajectories and evi-
dence of compensatory changes in the early stages of psychotic illness, which perhaps 
refl ects a period of  neurotoxicity that coincides with the emergence of psychosis. These 
unique characteristics of early psychosis coincide with a time of increased brain plas-
ticity, offering a window of opportunity to disrupt the neuropathological processes and 
remediate the neurocognitive and functional defi cits. Insights from genetic,  epigenetic, 
and biomarker studies in early psychosis have identifi ed promising neuroprotective, 
disease-modifying, and cognitive remediation interventions that have the potential to 
alter the progressive trajectory of the illness. Adequately powered clinical trials that uti-
lize information gained from biomarker studies are needed in early psychosis patients 
to determine the most effective individualized interventions. A synergistic treatment 
approach that offers precision pharmacologic intervention combined with remediation 
techniques is likely to have the greatest impact during the early course of illness.
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Overview and Questions

Schizophrenia is a neurodevelopmental disorder that begins to develop most 
likely in utero and fully emerges during  late  adolescence or  early adulthood. 
By identifying individuals in the prodromal phase of illness who are at risk 
for schizophrenia and following these cohorts into the fi rst episode of psy-
chosis, we have started to isolate the brain systems involved across multiple 
levels of analysis (behavioral, physiological, neurochemical, anatomical, ge-
netic) during this critical pre-psychotic and early psychosis period. The use 
of multimodal techniques allows the assessment of the association of neuro-
biological markers to each other over time and provides further insight into 
the mechanism by which psychosis emerges. With increasing knowledge of 
the aberrant neurodevelopmental processes at the onset of psychosis, it may 
become possible to develop better treatment interventions to modify the dis-
ease outcome.

In this chapter, we review what is known about neurobiological predictors 
of psychotic illness, what they reveal about progressive neuropathological 
changes, and how this informs treatment in early psychosis. Evidence will be 
presented suggesting that neuropathological changes in the prodrome and fi rst 
episode of illness, including compensatory changes that emerge at the onset of 
illness, differ from those found in more chronic forms of the illness. Therefore, 
specifi c treatments for prodromal and fi rst-episode patients that target these 
aberrant processes have the potential to be more effective than the typical treat-
ments used in more chronic forms of the illness, with a greater focus on  neuro-
protection, disease modifi cation, and cognitive remediation.

The following questions guide our enquiry:

1. How do we best use psychosis risk  biomarkers to inform treatment?
2. Is it possible to address the  heterogeneity of early psychosis using neu-

robiological markers to  individualize  treatment?
3. Which neuroprotective strategies, disease-modifying agents, procogni-

tive interventions, and remediation techniques show promise early in 
the course of illness?

4. Are there interventions that are unique to early psychosis and the hy-
pothesized changes that occur at the onset of illness?

What Have We Learned about Risk of Psychosis, Mechanism 
of Disease, and Treatment from Genetic Studies?

With  the  heritability of schizophrenia estimated at 70–80% (for reviews, see 
Sullivan et al. 2003), a major proportion of disease risk can be explained by 
genes. Rapid progress has been made in the identifi cation of genetic variants 
that confer risk of psychosis (Sebat et al. 2009; Purcell et al. 2009). Recent 
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fi ndings that both rare mutations of large effect  and  common variants of mod-
est effect contribute to  genetic risk for schizophrenia suggest that the disease 
is characterized by much more genetic heterogeneity than was previously 
thought. The risk alleles that have been implicated include rare  copy number 
variants (CNVs) and common haplotypes based on  single nucleotide poly-
morphisms (SNPs). Of particular interest in  predicting risk for psychosis are 
mutations with moderate to high penetrance and CNVs that increase risk for 
schizophrenia by fi vefold or more. Genetic information can also be used to 
inform our understanding of the mechanisms of disease and perhaps subtype 
individuals to specify treatment.

Genetic Risk Score

One means of leveraging the heterogeneous genetic information is to develop 
a “genetic risk score” that quantifi es the polygenic component of psychosis 
risk for each individual. Given that less than 40% of individuals who meet the 
prodromal syndrome criteria (Miller et al. 2003; Yung et al. 2002) are likely 
to develop schizophrenia or an affective disorder, additional risk factors (such 
as those provided by genetic information) may improve the positive predic-
tive power of current psychosis prediction algorithms (Cannon et al. 2008), 
which are primarily based on clinical and  family history data, and thus help to 
determine who would benefi t most from preemptive intervention. By includ-
ing information for the many (>1000) variants, including common putative 
risk alleles from  genome-wide association (GWA) studies, SNPs and CNVs 
can be weighted proportional to their associated odds ratios to develop a single 
score that can be used in algorithms of psychosis risk (Mowry and Gratten 
2013). First, however, it is essential to determine whether the genetic informa-
tion provides any added value in identifying disease risk over and above the 
standardized clinical and demographic criteria currently used to characterize 
subjects at risk for psychosis.

Pharmacogenomics

The reproducible genetic fi ndings in schizophrenia patients have also provided 
insight into the mechanism of disease (e.g., genes involved in glutamatergic 
neurotransmission and neurodevelopment) (Egerton et al. 2012b), supporting 
and informing translational models and  treatment development. The goal is to 
 individualize  treatment based on which disease mechanism is present in a par-
ticular individual. To date,  pharmacogenomic studies have focused primarily 
on prediction of antipsychotic response and adverse effects using a  candidate 
gene approach based on  dopamine and  serotonin receptors (for reviews, see 
Malhotra et al. 2007, 2012; Burdick et al. 2011; Arranz and de Leon 2007). A 
recent meta-analysis by Zhang et al. (2010) determined that the most robust 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109373/9780262314602_c000800.pdf by guest on 02 January 2024



104 K. S. Cadenhead and C. de la Fuente-Sandoval 

pharmacogenetic fi ndings are seen in the dopamine receptor D2 (DRD2) pro-
moter region. Carriers of a functional polymorphism (–141C Ins/Del) are half 
as likely to show a clinical response to antipsychotic medication compared 
to noncarriers, and this effect was most prominent in fi rst-episode psychosis 
patients. As noted by Malhotra et al. (2012), it is unlikely that we will attain 
perfect sensitivity and specifi city using genetic data in the near future but it can 
help to clarify prognosis. We may identify a subgroup of patients who are less 
likely to respond to standard treatments and thus might benefi t from a novel 
intervention. 

Genetic Prediction of Adverse Treatment Effects

Although a number of studies have investigated antipsychotic-associated ad-
verse effects such as  clozapine-induced  agranulocytosis and  tardive dyskine-
sia, drug-induced weight gain may be the most powerful phenotype in phar-
macogenetic studies (for a review, see Correll and Malhotra 2004). In a recent 
meta-analysis, Sicard et al. (2010) report that carriers of the T allele in a pro-
moter region  SNP (−759 T/C) in the 5-hydroxytrytamine 2C receptor (5-HT2C) 
gene had less  weight gain compared to those with the C allele. Similar results 
were recently reported in a study of patients in their fi rst episode of psycho-
sis, in which carriers of a functional promoter region variant (–141C Ins/Del) 
in DRD2 demonstrated more weight gain than noncarriers after six weeks of 
treatment, regardless of the antipsychotic. In terms of how this informs clinical 
practice, individuals at risk for increased weight gain or other adverse events 
might be given lower doses, adjunctive therapies (psychosocial or pharmaco-
logic), and/or increased monitoring; however, this should be the standard of 
care for all patients on antipsychotic medication. 

What Can Epigenetics Tell Us about 
Treatment of Early Psychosis? 

 Environmental  risk factors associated  with increased risk for psychosis in epi-
demiological studies include  paternal age,  hypoxia,  urbanicity,  migration,  ma-
ternal infection,  obstetric complications,  nutritional defi ciency, and  cannabis 
use. While many of the environmental risk factors may affect the developing 
fetus, others appear to be “second hits” that occur in childhood or later adoles-
cence, and may be more informative in determining which interventions are 
likely to be most effective in  late  adolescence. Theoretically, the second hits 
may act by epigenetic modulation of the genome in individuals who already 
have a genetic vulnerability, or they may potentiate biological pathways im-
plicated in schizophrenia. Two specifi c environmental factors that illustrate the 
importance of understanding second hits are  stress and  drug abuse.
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Stress and Psychosis Risk

The higher incidence of schizophrenia in  urban areas, being a part of an  eth-
nic minority, and  migrant status may all be related to stress or  social defeat 
and lack of social support (reviewed in van Os 2004; Rutten and Mill 2009). 
Although the link between childhood stress, epigenetic changes, and the onset 
of psychotic disorders has not been studied in humans, translational studies in 
animal models have shown that stress can mediate changes in gene expression 
during key developmental periods via epigenetic mechanisms (reviewed in 
Rutten and Mill 2009). For example, chronic psychosocial stress (e.g., defeat 
stress) alters gene expression, particularly of brain-derived neurotrophic factor 
(BDNF), via a range of epigenetic mechanisms, and this process can be re-
versed with  tricyclic antidepressant treatment. Importantly, epigenetic moder-
ation of  BDNF transcription has been shown to be involved in neuroplasticity, 
suggesting the potential for preemptive intervention. Other recent advances in 
the understanding of the biological processes mediating stress have implicated 
the role of the  hypothalamic-pituitary-adrenal (HPA) axis (Walker et al. 2008) 
as well as  neuroinfl ammation (Meyer 2011).

HPA Axis and Stress Response

Increased HPA activity is associated with psychotic disorders and may increase 
the activity of dopamine pathways (Van Craenenbroeck et al. 2005; Tsukada et 
al. 2011; Wand et al. 2007). First-episode patients as well as individuals who 
meet the prodromal criteria for schizophrenia and later develop psychosis all 
have elevated  cortisol levels relative to normal subjects (Walker et al. 2001, 
2010; Guest et al. 2011). In addition, drugs associated with psychosis, includ-
ing  tetrahydrocannabinol (THC), amphetamine, and  ketamine, all augment 
cortisol release in nonclinical and/or clinical populations (Oswald et al. 2005; 
van Berckel et al. 1998; Munro et al. 2006; D’Souza et al. 2005). Patients with 
schizophrenia who have the best response to antipsychotic medication show a 
higher pretreatment cortisol level, raising the possibility that one mechanism 
of action for antipsychotics may be to suppress the HPA axis.

Treatment implications:  Early intervention research in schizophrenia pa-
tients has included both psychosocial means of reducing stress and salivary cor-
tisol levels (e.g., yoga, exercise, relaxation) in vulnerable youth (Vancampfort 
et al. 2012; Cabral et al. 2011; Rocha et al. 2012) as well as pharmacologic 
interventions that can reduce stress. Antiglucocorticoid agents have been used 
in the treatment of  depression to suppress the glucocorticoid response, but only 
one pilot study conducted on schizophrenia patients treated with  ketoconazole 
reports improvement in observer-rated depression but no signifi cant alteration 
of morning serum cortisol levels (Marco et al. 2002). Further studies of thera-
pies such as  yoga, exercise, or antiglucocorticoids are needed in prodromal or 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109373/9780262314602_c000800.pdf by guest on 02 January 2024



106 K. S. Cadenhead and C. de la Fuente-Sandoval 

fi rst-episode subjects to determine whether it would be possible to alter the 
course of illness.

 Neuroinfl ammation and Stress Response

It has been postulated that early-life exposure to infection and/or infl ammation 
has the potential to induce latent neuroinfl ammatory abnormalities that can 
be unmasked by additional exposure to stressful stimuli (Meyer et al. 2011; 
Bilbo and Schwarz 2009), activating microglia and enhancing the production 
of proinfl ammatory cytokines in the central nervous system (Frank et al. 2007; 
Garcia-Bueno et al. 2008). Brown and Patterson (2011) propose that prophy-
lactic treatments which target   maternal infection and associated infl ammatory 
processes could reduce the incidence of schizophrenia and related disorders 
by one-third.  Animal models have demonstrated that the neurodevelopmen-
tal effects of  prenatal infection/infl ammation can be attenuated through inter-
ventions which target activated infl ammatory response systems or associated 
physiological processes such as  oxidative stress,  hypoferremia, and  zinc defi -
ciency (Aguilar-Valles et al. 2010; Coyle et al. 2009; Girard et al. 2010; Lante 
et al. 2007; Pang et al. 2005; Robertson et al. 2007).

Treatment implications: Recent studies in early psychosis patients suggest 
that anti-infl ammatory interventions may attenuate progressive brain changes 
(Meyer 2011). In an add-on study of  celecoxib (a preferential cyclooxygen-
ase-2 inhibitor,  COX-2) given in conjunction with amisulpride, Muller et al. 
(2010) found that anti-infl ammatory add-on therapy was more effective than 
antipsychotic treatment alone in treating  negative symptoms when initiated in 
the early phase of schizophrenia. The broad spectrum antibiotic  minocycline, 
when administered in conjunction with antipsychotic drugs, also has a sig-
nifi cant effect on negative and cognitive symptoms compared with treatment 
outcomes using antipsychotic drugs alone in early psychosis (Levkovitz et al. 
2010). Paralleling its known effects in reducing infl ammation and preventing 
cell death when given after a traumatic brain injury,  aspirin (COX-1, COX-
2 inhibitor) has also been shown to have benefi cial effects on symptoms of 
schizophrenia in patients with less than ten years of illness (Laan et al. 2010). 
The symptomatic improvement was most marked in patients with the low-
est TH1/TH2 cytokine balance, suggesting that this treatment is most effec-
tive in individuals with relatively high anti-infl ammatory cytokine production 
(Laan et al. 2010). In contrast,  anti-infl ammatory strategies are not effective 
in chronic schizophrenia (Rapaport et al. 2005), suggesting that neuroinfl am-
matory processes are active primarily during the early phase of disease and 
are thus an important target for intervention.  Omega-3 fatty acids such as 
eicosapentaenoic acid (EPA) and its derivative docosahexaenoic acid (DHA) 
have well-documented anti-infl ammatory actions (Capper and Marshall 
2001). In a randomized, double-blind, placebo-controlled trial conducted in 
81 prodromal subjects, Amminger et al. (2010) found that after twelve weeks 
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of treatment, 2 out of 41 individuals (4.9%) in the omega-3 fatty acid group 
and 11 of 40 (27.5%) in the placebo group had transitioned to a psychotic 
disorder.  Omega-3 fatty acids also signifi cantly reduced positive, negative, 
and general symptoms and improved functioning compared with placebo. 
Antipsychotic medication has also been shown to affect the proinfl ammatory 
cytokine network and  immune function in schizophrenia (for reviews, see 
Pollmacher et al. 2000; Drzyzga et al. 2006), perhaps providing an aspect 
of disease modifi cation and prevention to the known therapeutic benefi ts on 
 dopamine regulation. 

Cannabis and Psychosis Risk

The epidemiological literature demonstrates an association between the early 
use of  cannabis and later risk for psychotic illness (Andreasson et al. 1987; 
Arseneault et al. 2002; Weiser and Noy 2005; Moore et al. 2007). In a second-
hit model of psychosis, Caspi et al. (2005) demonstrated that carriers of the 
 catechol-O-methyl transferase (COMT) Met versus Val polymorphism (as-
sociated with rapid dopamine metabolism, low cortical, and high midbrain 
dopamine) were more likely to develop psychosis if they used cannabis. 
Translational studies have revealed the role of cannabinoid (CB) receptors and 
endocannabinoids in dopamine and glutamatergic regulation, immune func-
tion, energy metabolism, and the pathophysiology of schizophrenia (Koethe 
et al. 2009b; D’Souza 2007; Pacher et al. 2006; Hallak et al. 2011). In clinical 
studies, anandamide, an endogenous CB1 receptor agonist, has been shown to 
be elevated in antipsychotic and cannabis-naïve patients with schizophrenia 
(Leweke et al. 2007b; Giuffrida et al. 2004) and in the prodromal phase of 
illness (Koethe et al. 2009a). Koethe et al. (2009b) have proposed a model 
of psychosis in which the endogenous agonists like anandamide may rise in 
response to increased dopamine transmission and provide  neuroprotection. 
Anandamide reuptake and hydrolysis is inhibited by cannabidiol (CBD), the 
second most abundant component of Cannabis sativa (besides  THC), which 
has weak partial antagonistic properties at the CB1 receptor. Recent studies 
in animals, healthy humans, and patients with schizophrenia suggest that can-
nabinoids such as CBD and SR141716 have a pharmacologic profi le similar to 
antipsychotic drugs (Roser et al. 2010).

Treatment implications: Because CBD can reverse many of the biochemi-
cal, physiological, and behavioral effects of CB1 receptor agonists, recent 
studies have explored the possible role of cannabinoids, including CBD, in 
the treatment of psychosis (Koethe et al. 2009b). While CBD and SR141716 
monotherapy has not been found to be effi cacious in chronic or treatment-
resistant schizophrenia (Meltzer et al. 2004; Zuardi et al. 2006), Leweke et al. 
(2007a) found clinical benefi ts of CBD similar to amilsulpride in a preliminary 
study of 42 acutely ill patients with schizophrenia.
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Neurodevelopmental Abnormalities: Can We Intervene?

Accelerated Gray Matter Volume Loss in Early Psychosis

Previous studies in schizophrenia, fi rst-degree relatives,  and at-risk subjects 
have shown reductions in multiple brain regions including  prefrontal, supe-
rior, and medial temporal lobe gray matter volumes (Borgwardt et al. 2007; 
Pantelis et al. 2003; Koutsouleris et al. 2009; McCarley et al. 2002; Mechelli 
et al. 2011). Pantelis et al. (2003) examined gray matter changes over time in 
prodromal subjects and found that the converted group showed gray matter 
loss in left inferior frontal, left medial temporal, and cingulate regions at one-
year follow-up. Moreover, prodromal subjects who later transition to psychosis 
have reduced gray matter volume in the left parahippocampal cortex at base-
line compared to the nontransition  at-risk group (Mechelli et al. 2011).

The neuroanatomical changes in schizophrenia appear to be progressive 
changes beyond those associated with normal development (Ho et al. 2003; 
Gur et al. 1998; Jacobsen et al. 1998; Keshavan et al. 1994). Cortical gray mat-
ter density declines normally during  late  adolescent development, resulting in 
decreased neuropil in the same brain regions implicated in the pathophysiol-
ogy of schizophrenia (Huttenlocker 1979; Huttenlocker and Dabhokar 1997). 
As summarized by Pantelis et al. (2005), the available neuroimaging data 
provides evidence of early (pre- or perinatal) neurodevelopmental changes in 
schizophrenia which may lead to a vulnerability to postpubertal insults and 
contribute to the accelerated loss of gray matter and aberrant  connectivity in 
the prefrontal regions. Factors such as  substance abuse, stress, and  HPA axis 
dysregulation may lead to neurodevelomental abnormalities which may be 
neurodegenerative, involving medial temporal and orbital prefrontal regions. 
Thus, while disturbances of brain structure early in life may be necessary for 
the future emergence of schizophrenia (Weinberger 1987), neurodevelop-
mental events during the late adolescent period may participate in psychotic 
symptom formation via a range of possible mechanisms, including infl amma-
tion, glutamatergic or dopaminergic transmission (Weinberger 1987; Feinberg 
1982; Keshavan et al. 1994).

Treatment Implications: Pharmacologic and nonpharmacologic interven-
tions have been shown to slow gray matter losses in schizophrenia and related 
disorders. Eack et al. (2010) used a computer-based cognitive enhancement 
therapy in patients during the early stages of schizophrenia. Compared to those 
who received supportive  psychotherapy over a period of two years, there was 
greater preservation of gray matter in the left  hippocampus, parahippocampal 
gyrus, fusiform gyrus, and left  amygdala in patients who received the active 
treatment. In a study of treatment-naïve patients with  obsessive compulsive 
disorder (OCD), Hoexter et al. (2012) found that after treatment with either 
fl uoxetine or  cognitive behavioral therapy (CBT), gray matter volume loss in 
the left putamen was no longer detectable relative to controls. Animal models 
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have demonstrated increased  neurogenesis, dendritic arborization, and  synap-
togenesis with  serotonin reuptake inhibitors (SSRI) (Richtand and McNamara 
2008), supporting the notion that these agents may provide an element of 
 neuroprotection. Preclinical and clinical studies also suggest that  lithium may 
exert neurotrophic effects that counteract pathological processes, suggesting 
protective and potentially regenerative brain effects in the brains of patients 
with bipolar disorder (Manji et al. 2000; Bearden et al. 2007; Moore et al. 
2009; Kempton et al. 2008; Lyoo et al. 2010). Moreover, a preliminary study 
by Berger et al. (2012) showed a reduction in T2 relaxation time (a nonspe-
cifi c measure of neuropathological changes) in the  hippocampus of putatively 
prodromal subjects treated with low doses of lithium compared to untreated 
prodromal subjects. Future early intervention studies using  cognitive remedia-
tion,  CBT, SSRIs, or lithium in the prodrome and fi rst episode of psychosis 
should incorporate longitudinal analysis of gray matter volume to provide in-
sight into the mechanism of these potential neuroprotective effects and clinical 
correlates.

Neurochemical Changes in Early Psychosis

While it is a matter of current debate as to whether the accelerated gray matter 
loss at the onset of psychosis involves (transient) neurodegenerative processes 
(Archer 2010; McGlashan 2006; McGlashan and Hoffman 2000) or perhaps 
a progressive excitotoxic process (Bustillo et al. 2010), recent reports using 
 proton magnetic resonance spectroscopy (1H-MRS) have identifi ed neuromet-
abolic changes which may be unique to the onset of psychosis and provide 
insight into the neuropathological changes (Bustillo et al. 2010; de la Fuente-
Sandoval et al. 2011, 2013b; Kegeles et al. 2012; Stone et al. 2009). The  do-
pamine hypothesis has been a useful model in our understanding and study 
of the psychotic state, but it does not explain the accelerated gray matter loss 
and deteriorating course in terms of  cognition and function seen in the fi rst 
few years  of schizophrenia. Glutamate antagonists are well known to induce 
positive and negative psychotic symptoms more akin to schizophrenia than 
the  positive symptoms induced by dopamine agonists alone (Javitt and Zukin 
1991; Moghaddam and Javitt 2012), and it has been proposed that dopami-
nergic dysregulation is the fi nal common pathway resulting from an altered 
glutamatergic neurotransmission early in the course of illness (Carlsson et 
al. 2001; Olney and Farber 1995a). According to glutamatergic theories, the 
abnormal developmental trajectory observed in neuroimaging studies could 
result from reduced elaboration of inhibitory (GABAergic) pathways and 
excessive pruning of excitatory (glutamatergic) pathways leading to altered 
excitatory-inhibitory balance in the  prefrontal cortex (Lewis and Gonzalez-
Burgos 2008). Glutamatergic theories of schizophrenia suggest that an increase 
in cortical glutamatergic activity, due to genetically or environmentally medi-
ated hypofunction of N-methyl-D-aspartate ( NMDA) receptors, may lead to a 
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time-limited neurotoxic process and dopaminergic dysregulation at the onset 
of psychosis (Carlsson and Carlsson 1990a; Javitt and Zukin 1991; Olney and 
Farber 1995b). The glutamatergic projections are thought to stimulate prefron-
tal dopamine release directly but inhibit midbrain dopamine neurons projecting 
to the striatum (via GABAergic interneurons) (Sesack et al. 2003; Sesack and 
Carr 2002). In support of this hypothesis, de la Fuente-Sandoval et al. (2011) 
report that antipsychotic-naïve fi rst-episode and at-risk subjects have higher 
levels of glutamate in the dorsal caudate than normal subjects. In the cerebel-
lum, no group differences were seen, suggesting that high levels of glutamate 
in the dorsal caudate, a region with prominent projections throughout the corti-
cal mantle, could induce neuronal toxicity leading to a progressive functional 
and  intellectual deterioration. Moreover, antipsychotic-naïve at-risk subjects 
who later converted to psychosis had higher glutamate levels than those who 
had not converted at two-year follow-up (de la Fuente-Sandoval et al. 2013b). 
In the treatment of schizophrenia with  antipsychotic drugs, around 60% occu-
pancy of brain DRD2 is required, on average, to produce a therapeutic response 
(Kapur et al. 2000). However, a substantial proportion of patients still show a 
poor response even when D2 occupancy is at this level (Pilowsky et al. 1993). 
This may refl ect the importance of nondopaminergic neurochemical dysfunc-
tion in the pathophysiology of schizophrenia. A recent study demonstrated that 
clinically effective antipsychotic treatment normalized glutamate levels in anti-
psychotic-naïve fi rst-episode psychosis patients (de la Fuente-Sandoval et al. 
2013a). These results agree with a recent report (Egerton et al. 2012a) which 
found that clinically stable fi rst-episode patients had lower glutamate levels 
compared to patients that were still symptomatic. While studies in medicated 
patients have shown the same or decreased levels of glutamate compounds 
compared to controls (Theberge et al. 2003; Tayoshi et al. 2009; Lutkenhoff et 
al. 2010; Reid et al. 2010; Rowland et al. 2012; Bustillo et al. 2011), patients 
experiencing psychotic state exacerbations demonstrate elevations of these 
compounds (Ongur et al. 2008; Ota et al. 2012), suggesting that an improve-
ment in clinical symptoms might relate to decreases in glutamate levels.

Consistent with these fi ndings, a recent 1H-MRS study by Kegeles et al. 
(2012) found increased  γ-aminobutyric acid (GABA) and glutamate+glutamine 
in the medial  prefrontal cortex (mPFC) of primarily antipsychotic-naïve 
schizophrenia patients, adding support to the theory that dysfunction of fast-
spiking parvalbumin-containing GABA interneurons may contribute to high 
levels of glutamate via pyramidal cell  disinhibition (Lewis and Moghaddam 
2006). Because there is also evidence that stable-medicated subjects either do 
not show a difference or demonstrate a decrease in glutamate levels compared 
with normal subjects (Marsman et al. 2011; Reid et al. 2010; Bustillo et al. 
2010), it is tempting to hypothesize that a time-limited neurotoxic process may 
characterize the early stages of illness (McGlashan and Hoffman 2000; Archer 
2010; Lahti and Reid 2011), primarily because excess synaptic glutamate lev-
els are highly neurotoxic (Lau and Tymianski 2010). In addition, activated 
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microglia release substantial levels of glutamate (Barger and Basile 2001), 
and recent reports suggest that such microglia-mediated toxicity contributes 
to neuronal damage in the event of  neuroinfl ammation (Block and Hong 2007; 
Perry 2007; Ransohoff and Perry 2009).

Treatment Implications: Glutamatergic theories of  NMDA receptor hypo-
function and resulting glutamate-mediated neurotoxicity suggest that gluta-
mate and GABA-modulating agents may prove to be neuroprotective or even 
capable of modifying the disease early in the course of illness (Moghaddam 
and Javitt 2012).  LY404039 is a selective agonist for metabotropic glutamate 
2/3 (mGlu2/3) receptors which regulate synaptic concentrations of gluta-
mate and other neurotransmitters, including dopamine,  GABA, and  serotonin 
(Rorick-Kehn et al. 2007; Seeman and Guan 2009). Recent reports in chronic 
patients have found that LY404039 improves positive and  negative symptoms 
of schizophrenia (Patil et al. 2007) or has no effect compared to placebo (Kinon 
et al. 2011). However, clinical trials using glutamate-modulating agents have 
not been performed in fi rst-episode or at-risk subjects who may most likely 
benefi t from the intervention. Since 1H-MRS permits the in vivo study of re-
gional concentrations of various brain metabolites (Di Costanzo et al. 2007), 
this noninvasive imaging technique may provide important clues into the 
mechanism of action of many interventions. Berger et al. (2008) assessed the 
effect of the  omega-3 fatty acid,  EPA (eicosapentaenoic acid), on brain me-
tabolites with 1H-MRS in the anterior  hippocampus of both hemispheres in 
unmedicated fi rst-episode psychosis patients. This study found that EPA treat-
ment increased levels of glutamine+glutamate and glutathione, and this was 
associated with negative symptom improvement. Moreover, a study with EPA 
in depressed bipolar patients, using 1H-MRS in the  anterior cingulate cortex 
(ACC), found a signifi cant increase in N-acetylaspartate levels, presumably 
induced by a neurotrophic role of EPA (Frangou et al. 2007). Omega-3 fatty 
acids are essential for normal brain function and development (Bazan 2005; 
Piomelli et al. 1991) and may also have neuroprotective properties (Lonergan 
et al. 2002; Lynch et al. 2007). There are also reports on the effects of omega-3 
fatty acids on the glutamatergic system, such as modulation of glutamate trans-
porters, glutamate release in hippocampi of aged rats (McGahon et al. 1999), 
and as a protective agent against  neurotoxicity induced by  NMDA antagonists 
(Ozyurt et al. 2007).

Cognitive Neuroscience Insights into  Treatment 
Effects on Neurocognition and Perception

The structural   and neurochemical brain changes early in the course of illness 
refl ect changes in cells as well as fi bers and extra-parenchymal elements. 
Abnormalities in the number and distribution of neurotransmitter receptors in 
these regions are likely secondary to loss of cells, fi bers, or neurochemical 
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changes. These early neurochemical changes are hypothesized to lead to gray 
matter loss, reduced  cortical connectivity, sensory, perceptual, cognitive, and 
global functioning abnormalities in chronic illness (Olney and Farber 1995b; 
Sharp et al. 2001). Thus, neural circuit dysfunction and associated informa-
tion-processing abnormalities are likely downstream events that precede the 
onset of psychotic symptoms, and these may progress with illness onset and 
provide surrogate endpoints for treatment intervention studies.

Neurocognition in Early Psychosis

Neurocognitive defi cits  are prominent across the schizophrenia spectrum 
(Cadenhead et al. 1999b; Cannon et al. 1994; Hawkins et al. 2004; Heinrichs 
and Zakanis 1998). They are known to predict  functional outcomes (Green 
1996; Green and Nuechterlein 1999b) and to explain 20–60% of the variance 
in community functioning, social  problem solving, and acquisition of psy-
chosocial skills (Green et al. 2000). Neurocognitive defi cits have been shown 
to be reliable (Faraone et al. 1999; Heaton et al. 2001; Rund 1998), heritable 
(Ando et al. 2001; Posthuma et al. 2002), and associated with genes linked 
to schizophrenia (e.g., glutamate signaling,  COMT). Substantial cognitive 
defi cits are already apparent in childhood for those individuals who go on to 
develop schizophrenia, and these tend to exacerbate before the onset of psy-
chotic symptoms and worsen after the initial episode of the illness (Bilder et 
al. 2006). A number of recent reports (Keefe et al. 2006; Eastvold et al. 2007; 
Hambrecht et al. 2002; Seidman et al. 2010) have demonstrated that at-risk 
individuals have neurocognitive defi cits across multiple domains that are in-
termediate to those observed in fi rst-episode patients. In addition, at-risk sub-
jects who later convert to psychosis have greater neurocognitive impairment 
at baseline compared to those individuals who remain “at risk” at follow-up 
(Hambrecht et al. 2002; Keefe et al. 2006; Seidman et al. 2010; Eastvold et 
al. 2007). Longitudinal neurocognitive studies of fi rst-episode subjects show 
high stability (Addington et al. 2005). The few small longitudinal studies in 
at-risk subjects found a decline in  verbal memory over time; this was most 
prominent in at-risk subjects who later converted to psychosis (Cosway et al. 
2000; Brewer et al. 2005; Whyte et al. 2006; Pukrop et al. 2006; Jahshan et 
al. 2010).

Treatment Implications

Pharmacogenetic studies: Neurocognition has been used as an outcome mea-
sure to assess the cognitive enhancement effects of antipsychotics as well as 
other promising procognitive agents (reviewed in Burdick et al. 2011). Two 
studies (Need et al. 2009; McClay et al. 2011) using data from the CATIE 
(The Clinical Antipsychotic Trials of Intervention Effectiveness) trial have 
identifi ed  SNPs located close to specifi c genes (e.g., GRM8 [metabotropic 
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glutamate receptor 8], DRD2, and IL1A [interleukin-1-α]) that are associated 
with greater improvement in neurocognitive paradigms after treatment with 
antipsychotics. Three small published studies (Bertolino et al. 2004; Weickert 
et al. 2004; Woodward et al. 2007) have used a  candidate gene approach fo-
cusing on  COMT Val158Met  genotype to predict neurocognitive performance 
after antipsychotic treatment. A Met versus Val homozygote predicted better 
neurocognitive response, suggesting that it may be possible to defi ne which in-
dividuals are likely to show improvement in neurocognitive performance with 
antipsychotic treatment.

Cognitive enhancement: Given the limited response of neurocognitive 
defi cits to antipsychotic treatments (Mishara and Goldberg 2004), there have 
been a number of efforts to develop targeted therapies for cognitive defi cits 
in schizophrenia (Barak and Weiner 2011). For example, the measurement of 
treatment effects on  cognition in schizophrenia ( MATRICS) was developed 
as a means of identifying cognitive targets and promising molecular targets to 
enhance cognition (Marder and Fenton 2004). A detailed review by Keefe et 
al. (2013) found that the majority of cognitive enhancement double-blind add-
on studies had been conducted on chronic patients and were underpowered to 
detect a signifi cant effect. Agents acting at the NMDA receptor have been the 
most frequently studied compounds, including NMDA receptor modulation, 
glycine site agonism/partial agonism, and glycine site antagonism. Other trials 
have included agents that target various mechanisms, including H3 antagonism, 
selective activation of hypothalamic regions associated with wakefulness, nor-
adrenergic receptor reuptake inhibition, acetylcholine esterase inhibitors, α7 
receptors agonism/partial agonism, α4β2  nicotinic receptors partial agonism, 
cannabinoid receptor antagonism, D2 partial agonism + 5-HT2A antagonism, 
and D1/D2 agonism. These important studies using promising procognitive 
agents have yet to provide robust results, perhaps because most studies are un-
derpowered and use chronic rather than fi rst-episode patients who would have 
greater potential for brain plasticity (Barch 2010). The sole exception noted by 
Keefe et al. (2013) was a six-month add-on treatment with  minocycline versus 
placebo in young subjects in early phase schizophrenia (Levkovitz et al. 2010). 
In this study, minocycline (a tetracycline antibiotic with a distinct neuroprotec-
tive profi le) was found to be superior to placebo in improving cognitive func-
tioning as well as  negative symptoms and general outcome. Little is known 
about the effects of  omega-3 fatty acids on neurocognitive performance in 
schizophrenia, which has been studied more extensively in  dementia (Kalmijn 
et al. 1997; Cole et al. 2009). Accelerated cognitive decline, mild cognitive 
impairment, and decreased brain volume correlate with lowered tissue levels 
of DHA/ EPA (Tan et al. 2012). Supplementation improves cognitive function 
early in the course of illness (Mazereeuw et al. 2012). Omega-3 fatty acids as 
well as other potentially important procognitive agents need to be assessed in 
well-powered studies of early psychosis patients.
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 Cognitive remediation, cognitive training: Nonpharmacologic cognitive 
remediation trials have also shown promise in patients early in the course of 
illness (Wykes et al. 2007; Eack et al. 2010; Barlati et al. 2012; Breitborde 
et al. 2011), when intervention is likely to make the greatest impact on the 
developing brain. Cognitive remediation or training interventions include re-
storative (e.g., computer-based approaches; Fisher et al. 2009), compensatory 
(e.g., strategy-based approaches; Twamley et al. 2008, 2011), or environmental 
adaptation (Velligan et al. 2008). The most recent review and meta-analysis of 
cognitive remediation techniques (Wykes et al. 2011) found the largest effect 
sizes (mean effect size of .45 for cognitive improvement, .18 for symptom 
improvement, and .42 for functional improvement) for compensatory strategy-
based approaches in the context of psychiatric rehabilitation. Compensatory 
strategies or cognitive prosthetics (which teach patients how to “work around” 
their defi cits) can be helpful because they focus on application of appropriate 
cognitive strategies in the real world. Increasing patients’ ability to remember 
appointments, sustain attention, encode important concepts, and think fl exibly 
may well improve the success of concomitant treatments. Alterations in the 
environment to decrease cognitive demands and automatize everyday tasks 
may also be helpful. In essence, compensatory cognitive training provides an 
intervention which targets healthy neural circuitry to compensate for dam-
aged circuit elements and may even protect this circuitry from future damage 
(Swerdlow 2011).

It is clear that larger studies are needed in early illness patients to determine 
whether  it is possible to prevent or improve the cognitive defi cits early in the 
course of illness. It is reasonable to expect that younger patients with greater 
potential neuroplasticity may be optimal candidates for a combined approach 
using pharmacological and nonpharmacologic intervention, but surprisingly, 
few data address this question empirically. Although cognitive remediation in-
terventions have been added to augment antipsychotic medication, relatively 
little is known about the effectiveness of combining pharmacologic interven-
tions (designed to enhance cognition, provide  neuroprotection, or facilitate 
neuroplasticity) with cognitive remediation or  CBT. In fact, reviews of the 
literature on cognitive remediation describe nonpharmacologic and pharmaco-
logic interventions but they are all separate, rather than combined, trials (Goff 
et al. 2011). It is possible that the procognitive pharmacologic interventions 
will act synergistically with cognitive therapies to enhance clinical, neurocog-
nitive, and  functional outcome early in the course of illness. An analogy comes 
from anabolic steroids, which increase muscle mass only when used in concert 
with muscle-engaging activities (Swerdlow 2011). While reducing active psy-
chosis with antipsychotics benefi ts any cognitive intervention, it is possible 
that drugs with procognitive effects might more specifi cally, and perhaps syn-
ergistically, enhance the clinical benefi ts of cognitive therapies.
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Electrophysiology and Functional Imaging

Like  the  MATRICS  initiative, Cognitive Neuroscience Treatment Research 
to Improve Cognition in Schizophrenia ( CNTRICS) was developed to iden-
tify  biomarkers derived from cognitive neuroscience as “surrogate endpoints” 
(Carter and Barch 2007). The U.S. National Institutes of Health website de-
fi nes a biomarker as “a characteristic that is objectively measured and evalu-
ated as an indicator of normal biologic or pathogenic processes or pharma-
cological responses to a therapeutic intervention.” A number of potentially 
important paradigms have been identifi ed which target specifi c cognitive or 
affective domains and can be studied in terms of the underlying neural system, 
animal models, and by using electrophysiological or  neuroimaging paradigms. 
Importantly, for biomarkers to be useful in such models, it is essential that they 
demonstrate  construct  validity, reliability, and ease of use in treatment studies. 
Below, paradigms that hold particular promise, indicated by fi ndings in early 
psychosis, are discussed as they may reveal neurodevelopmental abnormalities 
or compensatory processes which may differ from the more chronic forms of 
schizophrenia.

Prepulse Inhibition

 Prepulse inhibition (PPI) is an index of sensorimotor gating in which weak 
lead stimuli are thought to inhibit the motor response to abrupt startling stimuli 
(Ison and Hoffman 1983; Graham 1975). PPI is defi cient in schizophrenia, 
fi rst-degree relatives, and schizotypal subjects (Braff et al. 1992; Cadenhead et 
al. 1993, 2000). In addition, PPI is stable with repeated testing (Cadenhead et 
al. 1999a; Cadenhead 2011) and is heritable (Greenwood et al. 2007), suggest-
ing its utility as a neurobiological marker for  psychosis risk. Genetic studies 
have identifi ed  SNPs that are strongly linked with PPI (Greenwood et al. 2007), 
including neuregulin-1 (activation of receptors, including glutamate),  COMT, 
serotonin-2A, and DRD3. Translational studies demonstrate the emergence of 
PPI defi cits after developmental manipulations in   rodent models (Powell and 
Geyer 2002), suggesting that it may be useful in understanding a neurodevel-
opmental disorder such as schizophrenia. Animal studies have identifi ed an 
extended forebrain/pontine circuit (limbic cortex, ventral striatum, ventral pal-
lidum, pontine tegmentum) that modulates PPI (Swerdlow et al. 1992, 1999). 
The neurotransmitters active at several levels of this circuitry— dopamine, 
 serotonin,  glutamate—cause disruptions in PPI through the stimulation of 
DRD2s (amphetamine or apomorphine), activation of serotonergic systems, or 
blockade of NMDA receptors ( phencyclidine or  ketamine) (Geyer et al. 2001).

Few studies have reported PPI in fi rst-episode psychosis (Aggernaes et al. 
2001; Quednow et al. 2008; Kumari et al. 2007; Meincke et al. 2004; Ludewig 
et al. 2003; Mackeprang et al. 2002). Although the majority found PPI defi -
cits in the fi rst episode, they were not always robust (e.g., only in males, 
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antipsychotic specifi c). Three studies have assessed PPI in subjects at  risk 
for psychosis: Quednow et al. (2008) and Ziermans et al. (2011) reported that 
at-risk subjects showed signifi cant PPI defi cits. However, Cadenhead (2011) 
found very different results in 75 fi rst-episode, 89 at-risk, and 85 controls from 
the Cognitive Assessment and Risk Evaluation (CARE) sample. Unexpected 
fi ndings included the fact that acutely ill, medication-naïve, fi rst-episode sub-
jects and at-risk subjects who later converted to psychosis had greater PPI than 
medicated fi rst-episode subjects and at-risk subjects who did not convert to 
psychosis, respectively. This parallels fi ndings from the visual perceptual orga-
nization literature (reviewed in Silverstein and Keane 2011; Parnas et al. 2001) 
that perceptual organization is intact or even superior at fi rst episode. These 
fi ndings introduce the possibility of early brain changes that diverge from fi nd-
ings in chronic patients early in the course of illness. Although the PPI fi nd-
ings from the   CARE study differ from prior studies, it offers an intriguing 
possibility that there may be compensatory changes in inhibitory processes in 
response to early neurochemical changes, refl ected by greater PPI, early in the 
course of psychotic illness. This fi nding may represent an initial change in the 
neural circuitry regulating PPI prior to the appearance of sensorimotor gating 
defi cits in more chronic forms of the illness. Although preclinical studies show 
reduction in PPI in response to dopamine agonists and NMDA antagonists 
(Geyer et al. 2001), compounds such as  N-acetylcysteine, which increase ex-
tracellular glutamate levels, enhance PPI (Chen et al. 2010). In addition, stud-
ies in control subjects have revealed evidence of enhanced PPI under certain 
conditions (high novelty seeking, specifi c doses) in response to dopamine ago-
nists (amphetamine, pramipexole) (Talledo et al. 2009; Swerdlow et al. 2009a) 
and  NMDA antagonists ( ketamine,  memantine, amantadine) (Swerdlow et al. 
2002, 2009b; Abel et al. 2003; Duncan et al. 2001). This lends support to the 
idea of a period of acute glutamatergic dysregulation early in the course of 
illness leading to increases in PPI. It would then follow that more chronic 
hypoglutamatergic states would lead to reduced PPI in more chronic patients 
(Swerdlow et al. 2009b). The neurochemical mechanism by which PPI might 
be increased in the early stages of psychosis and the location in the modulatory 
circuitry (Swerdlow et al. 2008) where this occurs is unknown, but this work 
has implications for treatment development. Clearly, longitudinal studies of 
early psychosis patients are needed to follow the time course of PPI through 
the onset of disease to determine whether, for example, there is a window of 
compensatory changes that would benefi t from interventions that reduce  gluta-
mate. When combined with other biomarkers (e.g., 1H-MRS, fMRI), it should 
be possible to tease out the mechanism of disease and identify specifi c inter-
ventions likely to make an impact at this early stage.

Treatment implications: Although more work is needed to defi ne the de-
velopmental neuropathology as indexed by PPI in the early stages of psy-
chosis, important translational studies have been performed using the PPI 
paradigm. Atypical  antipsychotics have been shown to reverse PPI defi cits in 
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developmental animal models of psychosis and may “normalize” PPI in pa-
tients with chronic schizophrenia and clinically normal subjects (Swerdlow 
et al. 2006, 2008; Vollenweider et al. 2006; Wynn et al. 2007). Feifel and col-
leagues have demonstrated that  oxytocin (a neurohypophyseal peptide known 
to regulate  social cognition and affi liation) can modulate PPI defi cits induced 
by  NMDA receptor antagonists and dopamine agonists in   rodent models 
(Feifel and Reza 1999; Feifel et al. 2010). Preliminary oxytocin studies in 
patients with schizophrenia have demonstrated improved positive and  nega-
tive symptoms, social cognition, and  emotional recognition (Feifel et al. 2010, 
2012; Pedersen et al. 2011; Averbeck et al. 2011) but the effect of oxytocin on 
PPI has yet to be reported in schizophrenia patients.

Mismatch Negativity

One emerging  view holds that the commonly observed clinical and neurocog-
nitive defi cits of schizophrenia patients may arise, at least in part, by dysfunc-
tion in the coordination of neural activity at the earliest stages of sensory and 
cognitive information processing (Green and Nuechterlein 1999a; Phillips and 
Silverstein 2003). Schizophrenia patients exhibit defi cits in basic levels of sen-
sory information processing that are present early in the course of the illness 
and even precede the emergence of psychotic symptoms. In a passive auditory 
oddball paradigm, a duration deviant stimulus elicits a mismatch negativity 
(MMN) response that peaks 100–200 ms after the onset of a stimulus deviance 
(Naatanen et al. 1978) and is assumed to refl ect an automatic, sensory-based 
deviance detection process (Naatanen et al. 1978; Picton et al. 2000). Defi cits 
in MMN generation using a variety of stimulation parameters (e.g., oddball 
stimuli that differ in pitch or duration) represent a remarkably robust fi nding 
in chronic schizophrenia (Shelley et al. 1991; Light and Braff 2005; Javitt et 
al. 2000), but the extant literature on MMN in the early stages of the disease 
is mixed, with some studies identifying abnormalities (Hermens et al. 2010; 
Umbricht et al. 2006; Devrim-Ucok et al. 2008) while others fail to detect any 
signifi cant decrements in either duration or pitch of MMN in patients with 
a psychotic illness duration of less than three years (Valkonen-Korhonen et 
al. 2003; Salisbury et al. 2002). In a prospective study of fi rst-hospitalized 
patients with schizophrenia (Salisbury et al. 2007), a strong relationship was 
found between the progressive reductions of MMN amplitude and left hemi-
sphere Heschl gyrus gray matter volume. In chronic patients, Rasser et al. 
(2011) report that  gray matter reductions are correlated with MMN amplitude. 
Several studies have now identifi ed defi cits in duration of MMN in not only the 
fi rst episode of psychosis but also the prodromal period of illness (Bodatsch 
et al. 2011; Atkinson et al. 2012; Brockhaus-Dumke et al. 2005; Jahshan et 
al. 2012). These fi ndings of MMN defi cits in the prodrome contribute to the 
overall efforts to identify potential markers of vulnerability to schizophrenia 
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as well as to understand the underlying pathological processes leading to the 
development of the illness. 

Treatment implications: Defi cits in MMN generation may be associated 
with impaired NMDA receptor function because  phencyclidine (PCP) and 
other NMDA antagonists inhibit MMN generation in primate models and 
normal volunteers. Consistent with the links between glutamatergic dysregu-
lation and MMN,  N-acetylcysteine (NAC, a glutathione precursor) has been 
shown to enhance MMN in patients with schizophrenia (Lavoie et al. 2008). 
Lavoie et al. (2008) report improved MMN in response to NAC versus pla-
cebo in patients with schizophrenia and suggest that increased levels of brain 
glutathione improve MMN and, by extension, NMDA function.  Memantine, a 
noncompetitive NMDA receptor antagonist, enhanced the amplitude of MMN 
in normal subjects (Korostenskaja et al. 2007), but the effects have yet to be 
assessed in schizophrenia. Several studies report the ability to enhance MMN 
in healthy subjects using a variety of compounds including  serotonin reuptake 
inhibitors (Kahkonen et al. 2005; Wienberg et al. 2010),  tryptophan deple-
tion (Ahveninen et al. 2002; Kahkonen et al. 2005), and  nicotinic receptor 
stimulation (Baldeweg et al. 2006). A single case report (Higuchi et al. 2010) 
on the use of tandospirone (a 5-HT1A partial agonist) in schizophrenia dem-
onstrated an increase in MMN that preceded improvement in  neurocognition. 
The effect of 5-HT1A agonism on MMN may be mediated by its infl uence on 
glutamatergic and, possibly, GABAergic function (Huot and Brotchie 2011). 
With respect to antipsychotic agents, large MMN amplitudes predicted good 
treatment response to  clozapine (Schall et al. 1999), although MMN appears 
to be insensitive to  antipsychotic medication in schizophrenia (Umbricht et al. 
1998, 1999; Korostenskaja et al. 2005).  Event-related potentials (ERPs) could 
be especially useful in defi ning subgroups that might benefi t from interven-
tions other than dopamine-based treatments, but this requires going beyond 
group effects and reliably measuring individual differences. Methodological 
developments to improve the quantifi cation of single-subject data are needed, 
along with more research which demonstrates that ERP measures can predict 
treatment response in schizophrenia patients.

Neural Synchrony

Abnormal gamma range (30–80 Hz)  synchrony has proved to be an impor-
tant  biomarker for psychosis as it refl ects core pathophysiological features of 
schizophrenia, including cognitive and perceptual abnormalities (reviewed in 
Gandal et al. 2012). Gamma oscillatory activity is thought to be the mechanism 
by which neural networks are integrated, facilitating coherent sensory registra-
tion. In schizophrenia, gamma abnormalities are evident in fi rst-episode psy-
chosis (Symond et al. 2005), in unmedicated patients (Gallinat et al. 2004), 
as well as in unaffected relatives (Leicht et al. 2011), suggesting that  abnor-
mal gamma synchrony is a heritable feature of schizophrenia. Gamma-band 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109373/9780262314602_c000800.pdf by guest on 02 January 2024



 New Treatments for Early Psychosis 119

responses have been associated with  clinical symptoms, social cognition, neu-
rocognitive performance, and loss of  gray matter (Williams et al. 2009a, b), 
indicating that these measures are likely related to disease pathophysiology.

Treatment implications: Translational models of  gamma-band responses 
have been used in preclinical studies, providing potential targets for treatment 
development. Several rodent studies have demonstrated that NMDA recep-
tor antagonists (including  ketamine, MK-801, and  PCP) produce a dose-de-
pendent increase in baseline gamma power (Ma and Leung 2007; Ehrlichman 
et al. 2009). Behaviorally, this increase in gamma power is associated with 
locomotor hyperactivity and defi cits in PPI in animal models (Ma and Leung 
2007; Hakami et al. 2009). Consistent  with preclinical fi ndings, ketamine in-
creases baseline gamma power in healthy human subjects (Hong et al. 2010). 
Mechanistically, it has been proposed that the effect of NMDA receptor an-
tagonists on gamma oscillations (and their psychomimetic properties) is due to 
reduced excitation of parvalbumin-containing  GABA neurons (Lisman et al. 
2008). Consistent with this hypothesis, Lewis et al. (2008) assessed MK-0777, 
a benzodiazepine-like agent with selective activity at GABAA receptors, versus 
placebo in 15 chronic patients with schizophrenia. MK-0777 was found to be 
associated with increased gamma-band power and improved performance on 
tests of  working memory and cognitive control.

Mu Suppression

Mu rhythm suppression in response to biological motion is a relatively new 
candidate  biomarker in schizophrenia research (Singh et al. 2011). Biological 
motion, as depicted in point light animations, is a well-studied construct in 
cognitive neuroscience. These displays provide sparse visual input that re-
quires “fi lling-in” to recover object information to identify the kind of motion 
(e.g., walking, jumping, dancing) being produced (Keri and Benedek 2009; 
Blake and Shiffrar 2007). It has been suggested that neural processing of bio-
logical motion is an evolutionarily conserved mechanism and that it plays a 
fundamental role in social adaptation (Blake and Shiffrar 2007). Translational 
studies have associated biological motion with neural activity in the mu (8–13 
Hz) range over the right sensorimotor cortex and are thought to index the activ-
ity of “mirror” neurons based on studies in primates (Bonini and Ferrari 2011; 
Keuken et al. 2011). Mu rhythms measured from this brain region show reli-
able, dose-dependent suppression when the subject perceives biological mo-
tion (but not nonbiological motion). Thus,  mu wave suppression is an easily 
quantifi able operational measure of the neural processing of biological mo-
tion. In a recently published study, Singh et al. (2011) showed that neural mu 
wave suppression induced by biological motion is impaired in fi rst-episode 
patients, and that the neural impairment is inversely correlated with negative 
symptoms and social adjustment, providing  construct  validity for the mu sup-
pression paradigm as an operational measure of social cognition in patients 
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with psychosis. In a related study, McCormick et al. (2012) recorded and ana-
lyzed  mu rhythm suppression over the sensorimotor cortex during observed 
and actual hand movement in actively psychotic patients and found evidence 
of increased suppression during observed movement that was correlated with 
 positive symptoms.

Treatment implications: Keri and Benedek (2009) and Perry et al. (2010) 
have recently demonstrated that intranasal  oxytocin signifi cantly enhances de-
tection of biological motion compared to intranasal placebo in normal subjects. 
Although oxytocin has been shown to improve social cognition and  emotion-
al recognition in patients with schizophrenia (Averbeck et al. 2012; Feifel et 
al. 2010; Pedersen et al. 2011), the effects of oxytocin on mu suppression in 
schizophrenia patients have yet to be reported. In an innovative study of  neu-
rofeedback training in high functioning  autism, Pineda et al. (2008) report that 
individuals with autistic spectrum disorders who have mu suppression abnor-
malities can renormalize mu suppression and improve sustained  attention after 
training to the mu frequency band. Like other cognitive remediation interven-
tions, neurofeedback training offers a potential nonpharmacologic intervention 
which can target core information-processing abnormalities that contribute to 
social functioning defi cits in patients with schizophrenia. 

Functional Neuroimaging

The most robust fMRI fi ndings associated with schizophrenia are altered  PFC, 
 ACC, and temporal lobe activation, particularly during the performance of 
tasks which engage  executive functions, such as  verbal fl uency paradigms. 
Fusar-Poli et al. (2007) examined studies of fi rst-episode psychosis and in-
dividuals at high risk (schizotypal, genetic high risk, at risk) for psychosis. 
First-episode patients showed signifi cant PFC abnormalities with most stud-
ies reporting reduced activation in the  dorsolateral  prefrontal cortex (DLPFC) 
during cognitive tasks. Some authors have suggested that hypofrontality in 
the DLPFC may be a specifi c feature of schizophrenia at the time of the fi rst 
psychotic episode. Only one study reports greater prefrontal activation in fi rst-
episode patients: Mendrek et al. (2005) found that fi rst-episode patients had 
greater DLPFC activation during the easy level of a working memory task, but 
less activation when task demands were high.

In general, high-risk subjects display neurophysiological abnormalities 
in cortical regions that have also been observed to be dysfunctional in fi rst-
episode psychosis (Broome et al. 2010; Allen et al. 2012). In contrast to most 
fi rst-episode studies, however, a number of genetic high-risk studies reported 
relatively greater prefrontal activation than in controls (Seidman et al. 2006; 
Callicott et al. 2003; Thermenos et al. 2004). Studies in prodromal subjects 
(Sabb et al. 2010; Allen et al. 2011, 2012) also found greater activation in 
specifi c brain regions: Sabb and colleagues found increased neural activity in 
the bilateral mPFC, left inferior frontal (LIFG) and middle temporal gyri, and 
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 ACC in at-risk subjects compared to controls (Sabb et al. 2010; Allen et al. 
2011). Further, increased activity in the superior temporal gyrus, caudate, and 
LIFG distinguished those at-risk subjects who subsequently developed psy-
chosis from those who did not. Using a combined fMRI and  PET study, Allen 
et al. (2011), reported that at-risk subjects who later develop a psychotic epi-
sode show increased activation in bilateral PFC, brainstem (midbrain/basilar 
pons), the left  hippocampus, and greater midbrain-PFC  connectivity during a 
verbal fl uency task. Furthermore, exploratory analysis of [18F]-DOPA PET 
data showed that transition to psychosis was associated with elevated dopami-
nergic function in the brainstem region. These interesting fi ndings of increased 
activation in genetic high risk and putatively prodromal subjects have been hy-
pothesized to refl ect a compensatory response to volumetric reductions in gray 
or white matter to maintain adequate performance (MacDonald et al. 2005a) or 
“cortical ineffi ciency”(Callicott et al. 2000).

Multimodal neuroimaging during the prodrome and fi rst episode of psy-
chosis offers the potential to delineate the causal relationship between key 
pathophysiological processes in the evolution of psychosis to determine if the 
unique fi ndings of hyperactivation refl ect compensatory changes related to the 
hypothesized window of  neurotoxicity. For example, the combination of struc-
tural MRI, fMRI, PET, SPECT, or  1H-MRS can address the relationship be-
tween  glutamate or dopamine and changes in gray matter or cortical activation. 
In an elegant series of studies, Fusar-Poli and colleagues found that alteration 
in prefrontal activation in at-risk subjects in a verbal fl uency task was related 
to elevated striatal  dopamine using PET (Allen et al. 2011, 2012; Fusar-Poli 
et al. 2010, 2011a, b). In an fMRI study using a working memory paradigm, 
the same group found a positive correlation between frontal activation and 
fl uorodopa uptake in the associative striatum in controls but a negative cor-
relation in the at-risk group (Fusar-Poli et al. 2011a, b). The key fi nding from 
these studies is that, for individuals at very high risk of schizophrenia, altered 
prefrontal activation during a task of executive/working memory function was 
directly related to  striatal hyperdopaminergia. This provides evidence of a link 
between dopamine dysfunction and the perturbed prefrontal function, which 
may underlie the defi cits in cognitive processing evident in people with pro-
dromal symptoms of psychosis and predate the fi rst episode of frank psychosis.

Treatment Implications

Although a number of functional neuroimaging  biomarkers are being devel-
oped as part of initiatives, such as the  CNTRICS study, there is little consen-
sus in the literature on treatment effects, such as antipsychotic effects, on the 
 BOLD signal (Carter and Barch 2007). In a literature review on antipsychotic 
effects, Roder et al. (2010) report that there does not appear to be any com-
mon underlying mechanism of action of  antipsychotic drugs that infl uence 
the BOLD signal in a systematic way in all areas of the brain in the same 
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direction. Some studies fi nd differences in  BOLD signal with treatment but 
others do not, and there is no clear difference between fi rst- and second-gen-
eration  antipsychotics on BOLD signal. The most consistent fi nding in the 
literature is that  haloperidol decreases BOLD signal in cortical and subcorti-
cal structures.

In terms of nonpharmacologic interventions, both CBT and cognitive train-
ing have been found to improve working memory performance as well as brain 
 connectivity (Kumari et al. 2009, 2011; Vinogradov et al. 2012). Kumari et al. 
(2009) examined changes in working memory performance in response to CBT 
using the N-Back and found stronger DLPFC activity. In addition, DLPFC-
cerebellum connectivity during the highest memory load condition (2-back > 
0-back) predicted post-CBT clinical improvement. Using a facial expression 
task, Kumari et al. (2011) found that the  CBT group showed attenuation of 
fMRI BOLD response to fearful and angry expressions at follow-up relative 
to baseline. Preliminary cognitive training studies (Vinogradov et al. 2012) in 
schizophrenia patients have shown that computerized auditory training sig-
nifi cantly improves verbal memory performance as well as early magnetoen-
cephalographic responses in auditory and prefrontal cortices that are positively 
associated with  quality of life six months later. Vinogradov et al. (pers. comm.) 
examined the association between computerized auditory training-induced be-
havioral improvements and changes in brain activation in an fMRI paradigm 
during a 2-back, verbal working memory task in patients with schizophrenia. 
At baseline, during the 2-back working memory task, patients showed im-
paired performance, reduced activation in bilateral DLPFC, and no signifi cant 
associations between brain activation and 2-back performance. After cogni-
tive training, patients signifi cantly improved their performance on the task and 
showed increased DLPFC activation. These preliminary CBT and  cognitive 
remediation studies demonstrate the importance of nonpharmacologic inter-
ventions in treating cognition defi cits of schizophrenia. The functional brain 
measures provide an important tool to evaluate brain connectivity in response 
to psychosocial as well as cognitive enhancing drugs. Many important studies 
are needed to compare treatments as well as the potentially synergistic effect 
of combined treatment in early psychosis.

Given What We Know Now, Can We Alter the 
Pathological Processes in Early Psychosis?

As eloquently reviewed by Swerdlow (2011), an increasingly detailed image 
of neural- and molecular-level dysfunction in schizophrenia has emerged to re-
veal failures of early brain maturation, dysfunctional neural circuitry, and fail-
ure to develop appropriate connectivity across widely dispersed brain regions. 
These circuit abnormalities are complex, vary across individuals, and are hard 
wired, illustrating the challenge of developing  treatment that can effectively 
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alter the course of the illness once it has reached the chronic or even acute 
phase. As knowledge of the mechanisms underlying the emergence of psycho-
sis increases, the picture becomes even more complex with the identifi cation 
of each new gene or epigenetic contribution and the resulting compensatory 
changes in hard-wired neural circuitry. Based on our current models of treat-
ment for schizophrenia, it does not seem possible to reverse a process that has 
been developing for two decades; however, it may be possible to prevent or 
modify the identifi ed neurobiological processes that occur at disease onset and 
improve outcome.

Clinical research has shown that the longer the duration of untreated psy-
chosis, the poorer the treatment response (Addington et al. 2004; Melle et 
al. 2004), thus suggesting that  earlier intervention may improve the outcome 
of the illness. In a comprehensive review, Berger et al. (2003) outline how 
altered regulatory mechanisms of progenitor cell generation and death could 
be targeted for  neuroprotection or disease modifi cation in early psycho-
sis. Although researchers previously believed that stem and progenitor cell 
generation in mammals was only possible in early life, recent research sug-
gests that the  hippocampi (Kornack and Rakic 1999), periventricular zone, 
(Steindler and Pincus 2002) and olfactory bulbs (Byrd and Brunjes 2001) re-
tain the capacity to generate progenitor cells which differentiate into neurons. 
A number of compounds reviewed in this chapter—which show potential 
in altering neurobiologically defi ned surrogate endpoints and also modulate 
apoptosis pathways ( lithium, sodium valproate,  BDNF,  clozapine, quetiapine, 
lamotrogine,  omega-3 fatty acids), block necrosis pathways ( vitamin E)—in-
crease  synaptogenesis ( SSRIs) or block the infl ammatory response ( COX-
2 inhibitors,  aspirin) (Jacobs et al. 2000; Malberg et al. 2000; Vaidya et al. 
1997), and provide evidence of neuroprotective properties in preclinical and 
clinical studies.

Predicting Treatment Response

Ultimately,  the goal of treatment in early psychosis patients is to modify active 
neuropathological changes and associated functional disability. With a greater 
understanding of aberrant neural systems in early psychosis, new treatments 
will be introduced. A number of psychosocial and pharmacologic interventions 
have great potential as neuroprotective, disease-modifying, or procognitive in-
terventions in early psychosis (Tandon et al. 2011). Given the heterogeneity 
of the prodromal period and the fi rst episode of psychosis, the importance of 
treatment “precision” is evident. If we can identify which type of treatment can 
best target the abnormal neural system of a particular individual, treatment is 
likely to be more effective (Vesell 1978; Foster et al. 2010; Wilke and Dolan 
2011). Ideally, with the use of various risk factor and biomarker assessments 
it will be possible to develop a neurobiological profi le to predict treatment re-
sponse. In line with the  Research Domain Criteria (Insel et al. 2010) proposed 
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by the National Institutes of Mental Health, it may be optimal to focus on 
neural systems to target treatment as opposed to  diagnostic and statistical diag-
nosis (cf. Carpenter, this volume).

Where We Are and Where We Need to Go: Future 
Directions in Treating the Early Phase of Schizophrenia

It is astounding that the “ dopamine hypothesis of schizophrenia” has been in 
the mainstream for over sixty years and that pharmacologic management of 
schizophrenia is still based on antagonists or partial agonists of the dopamine 
D2 receptors (for a review, see Howes et al. 2009). Despite extensive genetic, 
epigenetic, developmental, and cognitive neuroscience literature on schizo-
phrenia, which reveals that many innovative ideas and directions are being 
pursued, it has been diffi cult to identify new pharmacologic interventions that 
take the treatment of schizophrenia much beyond fi rst- or second-generation 
antipsychotic medication. The majority of treatment studies have been per-
formed in chronic patients, and many are underpowered or plagued by meth-
odological differences which complicate the reliable merging of data across 
studies.

It  is clear that adequately powered studies of early psychosis patients are 
needed to assess the extensive armamentarium of neuroprotective, disease-
modifying, and procognitive compounds already identifi ed. The  anti-infl am-
matory agents, including  COX-2 inhibitors,  omega-3 fatty acid, and  minocy-
cline, already offer promise in fi rst-episode patients and may affect functional 
outcome by more effectively targeting  negative symptoms and  neurocognition. 
 SSRIs and  lithium may decelerate the loss of  gray matter in the early stages 
of illness by promoting  neurogenesis.  Glutamate-modulating agents may be 
particularly important if the hypothesized window of  neurotoxicity (revealed 
by possible compensatory changes in brain function, sensorimotor gating, and 
brain metabolism) proves to be present in early illness.

 Psychosocial and cognitive remediation techniques have emerged as some 
of the most effective interventions to target neurocognition,  functional capac-
ity, and  functional outcome. Empirically supported treatments for psychotic 
disorders now include a variety of psychosocial interventions, such as CBT, 
 social skills training,  vocational rehabilitation, and cognitive remediation. 
Substantial research indicates that CBT changes brain function in brain dis-
orders such as  OCD (Baxter et al. 1992; Schwartz et al. 1996; Saxena et al. 
2009), and we now have preliminary evidence in schizophrenia (Vinogradov 
et al., pers. comm.; Kumari et al. 2011). CBT has been shown to reduce symp-
toms and improve long-term functioning in patients with chronic (Granholm 
et al. 2007) and fi rst-episode schizophrenia (Power et al. 2003; Petersen et 
al. 2005) as well as those in the prodromal phase of illness (Morrison et al. 
2004). Cognitive remediation offers the potential to reinforce healthy circuits 
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to compensate for areas of cognitive defi cits and perhaps reduce  gray matter 
loss and improve brain  connectivity at the same time.

Although  psychosocial treatment interventions have been added to augment 
antipsychotic medication, relatively little is known about the effectiveness of 
combining pharmacologic interventions designed to enhance cognition, pro-
vide  neuroprotection, or facilitate neuroplasticity with CBT, cognitive reme-
diation, or  exercise. Future clinical trials in early psychosis patients should ide-
ally compare nonpharmacologic and pharmacologic interventions as well as 
assess whether a combination of therapies is more effective than any one alone.

Clinical and functional outcomes are important in  clinical trials but ongoing 
work to develop  biomarkers linked to functional outcome, treatment response, 
and pathological circuitry as surrogate endpoints represents an innovative ap-
proach which should be pursued. Most importantly, if reliable neurobiological 
measures can be developed for the clinical setting to assist in the specifi cation 
of treatments for a particular patient, it should be possible to truly  individualize 
care based on brain function, risk factors, and prediction of response. 
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From Epidemiology to 
Mechanisms of Illness

John McGrath and Andreas Meyer-Lindenberg

Abstract

Schizophrenia research encompasses many different cat egories of observation: (a) ge-
netic research, which examines variants in single base pairs, (b) cellular and applied 
neuroscience, including animal models, (c) clinical research representing a broad spec-
trum of patient-centered research, and (d) population-based epidemiology and health 
services research. Each fi eld of research has a natural tendency to become more spe-
cialized and, as a consequence, more inward looking. Meta-research, the study of the 
process of research per se, shows that creativity tends to occur at the boundaries of dis-
ciplines and research areas. This chapter examines ways to facilitate this type of  cross-
disciplinary  translational research. Examples are provided of collaborative scientifi c 
programs that have used clues from fi elds such as  epidemiology and  genetics, and these 
clues are explored via the prism of various neuroscience platforms (e.g., molecular, cel-
lular, behavioral, animal models, brain imaging). Cross-disciplinary projects have the 
potential to catalyze new discoveries in neuroscience. Our fi eld needs to build effi cient 
 shared discovery platforms to encourage greater cross-fertilization between schizophre-
nia research and the general neuroscience research community.

How Can We Optimize Discovery? Research on Research

There is a natural order in the way scientifi c disciplines evolve: complex areas 
of enquiry require highly specialized and focused research skills. Within each 
disciplinary niche, different cultures emerge in a healthy and appropriate fash-
ion. Local dialects develop within a group and world views are shared within 
the tribe. These cultures are handed down to the next generation of scientists. 
Although this process introduces effi ciencies within a fi eld, it can also lead 
to inward thinking and creative stagnation. There is a general awareness that 
the  sociology of science can hinder as well as advance scientifi c process. For 
example, important discoveries in one arcane fi eld may not be immediately 
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appreciated by the general research fi eld. As a consequence, new discoveries 
may not be effi ciently translated into distant fi elds.

In recent years the  sociology of science has itself been the focus of re-
search, addressing the central question of how scientists can optimize discov-
ery (Lehrer 2009). Leaving aside rate-limiting steps, such as adequate research 
funding and quarantined research time (versus administrative, teaching, and 
clinical duties), there are interesting lessons to be learned. For example, re-
searchers need to understand the dangers of “failure-blindness” (i.e., we need 
to appreciate fi ndings that contradict our assumptions). A key feature of pro-
ductive research groups relates to intellectual biodiversity. The meta-research 
evidence shows that research creativity is optimized when we actively “seek 
out the ignorant.” For example, when we are required to talk to those who are 
unfamiliar with our experiments (other disciplines, students, the general pub-
lic), we sometimes reframe research fi ndings in a fresh perspective. Similarly, 
talking to colleagues from other disciplines can spark the creative exchange 
of fresh metaphors or provide missing pieces of the intellectual jigsaw puzzle. 
These notions have been infl uential in the formation of new research clusters, 
such as the Howard Hughes Medical Institute Janaelia Farm site (Cech and 
Rubin 2004).

Optimizing Discovery in Schizophrenia Research

People who enter schizophrenia research tend to be incurable optimists. In 
spite of the bewildering  heterogeneity of our target phenotype, and in the face 
of limited knowledge of the neurobiological correlates of schizophrenia, we 
remain confi dent that the questions we ask are tractable and that progress is be-
ing made. Self-proclaimed “decades of the brain” come and go and still clinical 
outcomes for people with schizophrenia are suboptimal. There is, however, 
good cause for optimism in light of examples of excellent clinical research that 
is fuelling discoveries in basic neuroscience and vice versa.

We present examples where ideas from within one fi eld of schizophrenia 
research have been effi ciently translated into other fi elds. We acknowledge that 
there are many examples of such types of research. Our selection is intended to 
prompt further debate on this topic.

From Scottish Pedigrees to Neuronal Hub Proteins: DISC1

In the early 1970s, observant clinicians linked a chromosomal translocation 
involving chromosome 1 with a range of neuropsychiatric outcomes in an ex-
tended Scottish pedigree (Blackwood et al. 2001). The translocation disrupted 
a protein coding gene, which was subsequently labeled “disrupted in schizo-
phrenia 1” ( DISC1). Mindful that this structural variant was associated with 
other clinical outcomes, the ability to explore the function of the protein in 
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transgenic models quickly revealed that the large protein coded by this gene 
was involved in an unexpectedly wide range of functions in the developing and 
adult brain (Porteous et al. 2011). Based on research conducted over the last 
few years, this protein has now been linked to a very wide range of molecular 
and cellular functions (Hayashi-Takagi et al. 2010; Seshadri et al. 2010). The 
protein acts as a hub for a large number of protein interactions.

Regardless of how prevalent this particular structural variant is in the gener-
al population, and regardless of what proportion of all schizophrenia is linked 
to mutations in this particular gene (probably very little), there is no doubt that 
this discovery has triggered important advances in basic neuroscience.

From Mental Health Registers to De Novo 
Mutations: Advanced Paternal Age

Epidemiologists use  population-based studies (e.g., cohorts, mental health reg-
isters) to search for gradients within and between groups as well as across time. 
This category of research is good for generating clues (e.g., links between a 
particular disease and different candidate risk factors), but it is limited with 
respect to (a) exploring the underlying biological mechanisms and (b) proving 
causality. Indeed, in the absence of randomized controlled trials, clues from 
observational epidemiology (e.g., a cross-sectional study that links a candidate 
risk factor with a disease outcome) are notoriously prone to the infl uence of 
unmeasured confounding (Davey Smith and Ebrahim 2001). A good example 
of how epidemiology can drive neuroscience discovery relates to the work by 
Malaspina et al. (2001), who reported an association between  advanced pater-
nal age and an increased risk of schizophrenia in offspring. Importantly, this 
paper suggested that  de novo mutations in the male germ cell may contribute 
to this fi nding. The epidemiology research community quickly replicated and 
extended the fi nding to a range of other health outcomes, including childhood 
and adolescent behavior,  intelligence,  bipolar disorder, and  autism.

Resultant clues from  epidemiology were then examined in   rodent models 
(Garcia-Palomares et al. 2009; Smith et al. 2009; Foldi et al. 2010); these stud-
ies reported altered behavioral and brain structural outcomes in the offspring 
of older sires. The use of inbred rodent models allowed for prompt testing 
of the underlying hypothesis regarding de novo male germline mutations. 
Experimental studies based on the mouse confi rmed that the offspring of older 
sires had signifi cantly more de novo copy number variants (Flatscher-Bader et 
al. 2011). Remarkably, the study found that the mutations involved genes pre-
viously linked to autism and schizophrenia. There is now convergent evidence 
linking  copy number variant (CNV) load with schizophrenia (O’Donovan et 
al. 2008). Thus, within schizophrenia research, there has been an unexpected 
convergence between risk factor epidemiology and genetic studies.

With the advent of affordable high throughput genetic sequencing as well 
as access to mother–father–offspring schizophrenia trios, the relationship 
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between  paternal age,  de novo mutations, and  risk of schizophrenia can now 
be explored. Recent deep sequencing studies have confi rmed the association 
between paternal age and de novo mutations (Kong et al. 2012). This type of 
research may help defi ne subgroups within the  heterogeneity of schizophrenia.

From Place of Birth to Functional Magnetic Resonance Imaging

Prior epidemiology data suggests  a two- to threefold increase in schizophrenia 
risk in individuals brought up in  urban environments (Krabbendam and van 
Os 2005). The relationship follows a dose-risk response function: the longer 
individuals are exposed to highly urban environments during childhood and 
adolescence, the greater the risk of developing schizophrenia in adulthood 
(Pedersen and Mortensen 2001). Not surprisingly, adverse effects of urban up-
bringing are moderated by risk genes (Krabbendam and van Os 2005; van Os 
et al. 2008) with excessive rates of incidence in genetically vulnerable individ-
uals brought up in the city. Similarly, fi rst- and second-generation immigrants 
have a twofold increase in risk for schizophrenia independent of the specifi c 
characteristics of a given  ethnicity or host country (Bourque et al. 2011). Both 
urbanization and  migration processes challenge the capacity of an individual to 
cope with complex social stressors, such as disintegration of family networks, 
tightened competition, and  discrimination. Epidemiological data suggest that 
the incongruence of subject-specifi c and environment-specifi c features is par-
ticularly crucial: the more an individual stands out from the social milieu in 
terms of minority status, social fragmentation, and  socioeconomic status, the 
higher the risk is to develop schizophrenia (Zammit et al. 2010b). It has been 
proposed that social  stress plays a key role in mediating these effects, possibly 
via dysregulation of the  hypothalamic-pituitary-adrenal (HPA) axis and sen-
sitization of the  mesolimbic dopamine system (Pruessner et al. 2004; van Os 
et al. 2008). On the epigenetic level, an important mechanism for the effects 
of adverse environmental exposure during development involves hypermeth-
ylation of the promoter region of the glucocorticoid receptor gene (NR3C1), 
which reduces the expression of  NR3C1 in brain and promotes the manifes-
tation of increased sensitivity to stress and  HPA dysregulation in adulthood 
(McGowan et al. 2009). The neural system correlates in humans, however, are 
largely unexplored.

Lately, a new line of neuropsychiatric research aims to delineate these so-
cial-environmental risk effects in brain. Recent functional neuroimaging work, 
for example, examined the effects of urban upbringing on social evaluative 
stress processing in human  social-emotional circuits (Lederbogen et al. 2011). 
In this study, the functional integrity of the neural stress response system was 
challenged using cognitive tasks presented in the context of disapproving video 
feedback from investigators. This work provided evidence for a link between 
early-life urbanization and  anterior cingulate cortex (ACC) function during so-
cial stress processing, a key region involved in the regulation of limbic activity 
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and negative emotion. Robustness and specifi city of the effects of  urbaniza-
tion were confi rmed in supplementary  studies examining  ACC function in the 
context of a different social  stress paradigm and during cognitive processing 
without stress, respectively (Lederbogen et al. 2011).

From Genetic Clues to  Brain Functioning: “Genetic Imaging”

Twin, family, and adoption studies clearly indicate that genetic factors con-
tribute substantially to the risk for psychiatric disorders. Heritability estimates, 
such as 81% in schizophrenia (Sullivan et al. 2003) and 37% in  major  depres-
sion disorder (MDD) (Sullivan et al. 2000), refl ect the varying ratio of  genetic 
and environmental factors which jointly determine risk or  resilience (Caspi and 
Moffi tt 2006). There is an obvious interest in identifying the gene variants un-
derlying this  hereditary component, since they promise valuable insights into 
pathophysiology, diagnosis, and treatment of the associated disorders (Hyman 
2007). However, attempts to reveal the “culprit” genes  by linkage analysis 
turned out to be of little value, although they had been applied to Mendelian 
disorders very successfully (Gottesman and Gould 2003). Apparently, the ef-
fects of psychiatric risk variants were too modest to be detectable by linkage. 
As a promising solution to study such subtle effects, association studies were 
introduced (Risch and Merikangas 1996). These studies apply a candidate gene 
approach requiring a priori defi ned genes. Accordingly, these studies are intrin-
sically prone to a bias in the selection of candidates, which usually focus on 
genes that are known to code for key player proteins involved in neurotrans-
mission and suspected to be linked to mental illness, such as the monoaminer-
gic system in  mood and anxiety disorders (Levinson 2006) and the dopaminer-
gic or glutamatergic system in schizophrenia (Owen et al. 2004).

This approach resulted in a plethora of studies reporting associations be-
tween single candidate genes and clinical or treatment-related phenotypes 
of mental illness, such as MDD (Levinson 2006; Kato and Serretti 2010) or 
schizophrenia (Owen et al. 2004; Arranz and de Leon 2007). However, the 
initial gold rush in the search for  candidate genes has been followed by a disil-
lusioning decade of failed replications and considerable disagreements among 
scientists (Abbott 2008). In fact, many genetic associations were likely overes-
timated by initial studies (Trikalinos et al. 2004) or may have even been chance 
fi ndings given the common practice of selective reporting (Sullivan 2007).

With the advent of  genome-wide association (GWA) approaches, it is now 
possible to test associations of more than one million DNA variants simulta-
neously. This technique holds the promise of hypothesis-free gene discovery 
for common disorders by mapping the whole genome with common mark-
ers. However, there are several limitations to this technique, such as statistical 
compromises which have to be made, given the incredibly high number of 
investigated genes (Psychiatric GWAS Consortium Steering Committee 2009; 
Cichon et al. 2009). This notion is refl ected in the weak support of GWA studies 
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with regard to traditional  candidate genes and the limited agreement among the 
increasing number of  GWA studies (Pezawas and Meyer-Lindenberg 2010; 
Bosker et al. 2011).

After the fi rst report of an association between genetic variation and a neu-
roimaging measure in 2000 (Heinz et al. 2000),  imaging genetics has devel-
oped into a leading research strategy in neuroscience. Countless studies have 
demonstrated the infl uence of risk alleles on neural intermediate phenotypes 
which, in turn, relate to different psychopathological manifestations and di-
agnostic entities (Bigos and Weinberger 2010; Domschke and Dannlowski 
2010; Meyer-Lindenberg 2010b; Scharinger et al. 2010). In contrast to sev-
eral candidate  endophenotypes, which turned out to be equally complex as 
behavioral phenotypes, recent meta-analyses indicate that neural intermediate 
phenotypes satisfy the premise of increased penetrance (Gottesman and Gould 
2003; Munafo et al. 2008; Mier et al. 2010). For instance, a polymorphism in 
the promotor region (5-HTTLPR) of the serotonin transporter gene ( SLC6A4) 
has been shown to account for up to 10% variance of  amygdala activation, 
whereas its role in predicting behavioral phenotypes such as  neuroticism, 
 MDD, or antidepressant treatment response is at least one order of magnitude 
lower (Serretti et al. 2007; Munafo et al. 2008, 2009; Clarke et al. 2010; Taylor 
et al. 2010). Accordingly,  imaging genetics may eventually provide one of the 
tools needed to decipher the polygenic  heritability of psychiatric disorders as 
anticipated by Gottesman and Shields more than four decades ago (Gottesman 
and Shields 1967). 

These genome-wide signifi cant variants are opening up new avenues to risk 
pathways of  executive function in imaging genetics. In the fi rst such study, 
a sample of healthy individuals was used to verify a variant (rs1344706) in 
the zinc fi nger protein 804A gene ( ZNF804A) that has been implicated in 
schizophrenia by GWA (Esslinger et al. 2009). Remarkably, healthy carriers 
of the risk variant exhibited unfavorable prefrontal-hippocampal  functional 
 connectivity in a pattern characteristic for schizophrenia (Meyer-Lindenberg 
et al. 2005; Esslinger et al. 2009). Following this approach, several new re-
sults emerging from GWA studies using clinical or neurocognitive pheno-
types have been confi rmed by imaging genetics methods, such as variants in 
HOMER1,  CACNA1C, or SCN1A (Bigos et al. 2010; Rietschel et al. 2010; 
Papassotiropoulos et al. 2011).

From Infl uenza Epidemics to the Impact of Maternal 
 Immune Activation on Brain Development 

Soon after the renaissance of the neurodevelopmental hypothesis of schizo-
phrenia (Murray and Lewis 1987; Weinberger 1987), various researchers pro-
posed that the offspring of mothers exposed to infl uenza may have an increased 
risk of schizophrenia (McGrath and Castle 1995). While the evidence linking 
exposure to this particular infectious agent has been mixed, there is now a 
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large body of research which suggests that  prenatal infection to a wide range 
of early life infections is associated with increased risk for schizophrenia in the 
offspring (Brown and Derkits 2010).

Using rodent models and noninfectious agents designed to trigger immune 
responses (e.g., agents that mimic the bacterial cell wall or RNA polymers 
that resemble viral RNA), experimental studies have uncovered previously 
unexpected reciprocal interactions between immune pathways and brain de-
velopment (Meyer et al. 2009; Patterson 2009). This research converges with 
evidence from (a) genetics to link regions of the genome critical for  immune 
response to schizophrenia (Ripke et al. 2011), and (b) developmental  neuro-
biology to implicate mechanisms initially thought to be restricted to immune 
pathways with brain development and function (Boulanger 2009). These dis-
coveries are now able to feed back into more focused and hypothesis-driven 
analytical  epidemiology. 

General Refl ections and Recommendations

The need to support translational research that facilitates discoveries in basic 
science into clinical settings is now widely recognized by funding agencies. 
With respect to the care of people with schizophrenia, there is a need for this 
type of research, just as there is a need to ensure that known effective treat-
ments are delivered to those in need. However, in poorly understood fi elds 
of research, we fi rst need to do the basic science in order to fuel the subse-
quent translational pipeline. We argue that complex brain disorders such as 
schizophrenia require continued investment in research which takes clues from 
various fi elds of schizophrenia research and feeds them back into high-quality 
neuroscience. Put bluntly, if we want to fi x broken brains, we fi rst need to un-
derstand how healthy brains are built and how they work.

The need to facilitate the fertile intersection between schizophrenia epidemi-
ology and developmental neurobiology has been detailed elsewhere (McGrath 
and Richards 2009). Because neuroscience is such an intensely productive and 
fast-moving fi eld of research, trying to engage with the fi eld as an outsider is 
akin to “sipping from a fi re hose.” Despite this, we argue that it is critical for 
schizophrenia research to be fi rmly anchored to a neurobiologically informed 
framework. Schizophrenia researchers have the skills to generate candidate 
exposures and to identify neuroanatomical, neurochemical, or behavioral phe-
notypes of interest to clinical research.   Rodent models (Arguello and Gogos 
2006), zebrafi sh, or invertebrates such as Drosophila and Caenorhabditis ele-
gans (Burne et al. 2011) can provide powerful and effi cient research platforms 
to explore key research questions for both genetic and nongenetic risk factors 
and to help identify the function of genetic candidates.

From our current perspective, one of the more exciting developments in 
this fi eld has been a renewed focus on the social world and its evolutionarily 
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honed counterpart, the social brain. In a recent review (Meyer-Lindenberg and 
Tost 2012), we concluded that the existing evidence, while preliminary in na-
ture, supports a causal role for the social environment in  risk,  resilience, and 
manifest illness, suggesting that everyday social interactions are both actor and 
stage for mental illness. Novel translational research strategies are needed to 
delineate the neural outcomes of the complex underlying  gene–environment 
interactions. An in-depth understanding of these mechanisms holds the pros-
pects of novel strategies for pharmacology,  psychotherapy, and social policy 
that target and converge on the identifi ed neural circuits. In the “decade of 
psychiatric disorders” (Bassett et al. 2010), a renewed focus on social neuro-
science has therefore much to offer for scientists, patients, and therapists alike.

The challenge is to optimize links between researchers from (a) the diverse 
fi elds of schizophrenia research and (b) the even more diverse fi elds of neu-
roscience. How can we engineer  future research between these groups to “set 
traps for discovery”? Building  shared research platforms between groups with 
different skills is clearly an important step. As Cech and Rubin (2004:1167) 
note:

The spark of transdisciplinary approaches and insights requires “productive col-
lisions” between people in different disciplines, just as atoms and molecules 
must undergo productive collisions to react. If engineers, biologists, and comput-
er scientists live apart, they need to make an appointment in order “to collide.”

Shared research platforms need to be engineered to encourage “collisions” be-
tween diverse scientists. We argue that schizophrenia research needs to take 
a more assertive stance in driving neuroscience research. Too often we have 
been passive recipients of “leftover” neuroscience. Neuroscience needs us, just 
as much as we need neuroscience (McGrath and Richards 2009).
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How Can  Risk and 
Resilience Factors Be 
Leveraged to Optimize 
Discovery Pathways?

Craig Morgan, Michael O’Donovan, Robert A. Bittner, 
Kristin S. Cadenhead, Peter B. Jones, John McGrath, 

Steven M. Silverstein, Heike Tost, 
Peter Uhlhaas, and Aristotle Voineskos

Abstract

Based on wide-ranging discussions and specifi c examples drawn from the interests and 
expertise of the group, this chapter addresses the question of how knowledge of risk 
and resilience in relation to the etiology of schizophrenia can be leveraged to optimize 
discovery of preventive and therapeutic approaches. It explores the challenges and gaps 
in knowledge that have emerged as a result of recent, signifi cant progress in understand-
ing the factors that confer risk for schizophrenia. The fuzzy boundaries of schizophre-
nia and overlap in risk factors between schizophrenia and other mental disorders are 
highlighted, as is the predominant focus on risk rather than on  resilience.  Examples 
of research in  genetics (including  epigenetics) and  neuroimaging are provided which 
examine putative mechanisms and pathways that could be leveraged to develop novel 
interventions.

Implications for prevention and intervention are considered from the point of view 
that  heterogeneity and  nonspecifi city in schizophrenia present opportunities both to dis-
entangle shared pathways that underpin a wide range of disorders and to develop novel 
approaches to prevention and intervention. The chapter concludes with recommenda-
tions that highlight key areas for future research.

Introduction

If we want to move closer to the prevention of complex disorders like schizo-
phrenia and implement effective treatment, we must fi rst understand the matrix 
of risk factors that underlies the etiology and  pathogenesis of such syndromes. 
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Considerable progress has been made in understanding the factors that confer 
risk for schizophrenia and, more broadly, psychosis since the disorders were 
fi rst described, beginning with family, adoption, and twin studies and now in-
cluding studies of molecular genetic and environmental factors. Nonetheless, 
considerable gaps remain in our knowledge of individual risk factors, of how 
these combine and interact across levels to increase risk, and of the develop-
mental pathways and mechanisms through which they impact on neural sys-
tems and circuits to produce the clinical phenomena of psychosis. These gaps 
limit our ability to utilize existing data to inform the development of strategies 
to promote resilience and reduce risk, at both population and individual levels.

How can current knowledge of risk and resilience factors be leveraged to 
optimize discovery pathways, and thereby better inform prevention and inter-
vention? From the start, consideration of this question forced us to ponder what 
is currently known about schizophrenia and to set this in the context of past 
assumptions and future challenges. 

Past assumptions:

• Schizophrenia was a relatively homogenous disease construct, albeit 
with subtypes.

• Schizophrenia affected men and women equally and had a fl at epide-
miological profi le across time, place, and persons.

• Schizophrenia had a small, manageable set of risk factors.
• Neuroscience would reveal a readily interpretable mechanism of ac-

tion, which would lead to effective treatments.

Current understanding:

• Schizophrenia is a poorly understood group of disorders that defi es 
ready simplifi cation based on symptoms, putative neurobiology, or 
etiopathogenesis.

• Schizophrenia affects men more than women, and the incidence of the 
disorder varies signifi cantly by place and social group (e.g., within na-
tions and between nations, between ethnic subgroups).

• Risk factors for schizophrenia (e.g., genes,  prenatal exposures) are as-
sociated with a wide range of other brain-related adverse health out-
comes (especially neurodevelopmental disorders).

• Common mental disorders like  anxiety and  depression often precede 
and coexist with schizophrenia.

• Isolated and transient psychotic experiences are prevalent in the 
community.

Future challenges:

• Acknowledge that genetic and nongenetic risk factors linked to schizo-
phrenia will probably be shared with many other mental health  out-
comes (i.e., lack of specifi city for exposures).
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• Acknowledge that psychotic experiences are shared with a subgroup of 
the general population and a range of common mental disorders.

• Acknowledge that individuals can pass through a pluripotential phase 
of illness evolution, at which stage a number of outcomes are possible, 
and that a clinical staging model may offer new options for treatment 
and prevention.

• Consider  heterogeneity and  nonspecifi city not as problems but rather as 
opportunities to unravel shared pathways that underpin a surprisingly 
wide range of brain-related  outcomes.

• Acknowledge that interventions, which target these nonspecifi c out-
comes, may deliver attractive and cost-effi cient benefi ts with respect to 
overall disease burden.

Simply put, the agenda for schizophrenia research needs to be recontextual-
ized. We must widen the category of observation and generate new metaphors 
and semantic labels to help leverage this perspective.

Constructs of Schizophrenia and  Psychosis

Before we can understand risk and resilience, it is necessary to defi ne the target 
disorder(s) or syndrome(s) of interest. Should a narrow (e.g., DSM-IV schizo-
phrenia) or broad (e.g., nonaffective psychosis, all psychotic disorders includ-
ing bipolar disorder) focus be taken? This is a key issue for  future research 
and is discussed by Corvin et al. (this volume). Our discussions focused on the 
broader spectrum of psychosis in light of (a) the robust evidence from  genetics 
and risk factor  epidemiology that indicates a shared risk architecture across 
the psychosis spectrum, (b) clinical overlap and uncertain boundaries between 
different types of psychotic disorders, especially in the early phases of disorder 
(Murray et al. 2004), and (c) evidence from general population samples that 
isolated and transient psychotic experiences are common and are associated 
with similar risk factors to those identifi ed for clinically defi ned disorder (van 
Os et al. 2009).

For some research questions, it may be appropriate to take an even broader 
perspective. For example, why do some  copy number variants (CNVs) in-
crease risk for a broad range of neurodevelopmental disorders, such as  learning 
disability,  epilepsy,  autism, and schizophrenia (Van Den Bossche et al. 2012)? 
When referring to existing research, we are necessarily bound to use the groups 
and categories that were the focus of study (i.e., in some specifi cally schizo-
phrenia, in others all psychotic disorders, whereas in still others psychotic ex-
periences in nonclinical samples).

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109381/9780262314602_c001000.pdf by guest on 02 January 2024



140 C. Morgan et al. 

Risk and Resilience

Within the fi elds of medicine, human  genetics, and  epidemiology, there is an 
understandable tendency to focus on the identifi cation of factors that increase 
the probability of adverse health outcomes (i.e., risk factors). Often, the identi-
fi ed variables are  risk indicators or proxy markers (i.e., variables that index ex-
posure to risk-increasing exposures) rather than factors that directly impact on 
risk. Some of the identifi ed exposures in schizophrenia and psychosis research 
are at this broad level; for example, migrant or  minority  ethnic status (Fearon 
and Morgan 2006) and  urban birth (Krabbendam and van Os 2005). The task 
for the research community is to use these broad markers or clues to help iden-
tify the direct risk-modifying factors. Insofar as the primary focus has been on 
risk, only limited attention has been paid to  resilience and protective factors. 
As discussed by Jones (this volume), resilience may be most usefully defi ned 
as the degree of adaptability when faced with  adversity. As such, both protec-
tive factors and resilience can be conceptualized as factors that reduce risk 
following exposure to a candidate risk factor (i.e., statistically as effect modi-
fi ers). This noted, risk dominates the existing literature to such an extent that 
most of the data are framed in terms of risk rather than  protection or resilience.

Incidence and Risk

It is now established that the incidence of schizophrenia and other psychoses 
varies markedly across and within populations (McGrath 2007). Most notably, 
the incidence is higher in men, in densely populated urban areas, and in some 
migrant and minority ethnic populations; that is, in groups of people who hap-
pen to comprise an ethnic minority in a given geographical region (McGrath 
et al. 2004). Further, observational epidemiological studies have identifi ed 
a large number of putative risk factors and risk indicators at multiple levels 
(from the societal to the molecular), with risk and odds ratios (OR) commonly 
ranging from around two (e.g.,  obstetric complications; Clarke et al. 2006) to 
around ten (e.g.,  family history; Mortensen et al. 1999). Specifi cally in relation 
to  genetic risk, molecular genetic studies currently provide strong support for 
associations with at least some  single nucleotide polymorphisms that confer 
weak increments on risk (OR < 1.2) and at least some  CNV deletions and du-
plications which are rare but confer much stronger effects on risk in the small 
proportion of cases who are carriers (OR > 3) (e.g., deletions at 22q11 are 
associated with a 30-fold increased risk; Sullivan et al. 2012a). The list of can-
didate factors is extensive and, in addition to genes, a nonexhaustive list of the 
most robust includes older  paternal and  maternal age, obstetric complications 
(especially  hypoxia), developmental delays, childhood adversity (especially 
 abuse and bullying), and  cannabis use (especially at a young age and with 
variants high in  THC). The range of nongenetic candidate factors has been 
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regularly summarized in the literature (Murray 2003; van Os et al. 2010) and 
tends to converge on early development (i.e., childhood preadolescence) as a 
key phase for exposure. 

In parallel, a large number of studies have identifi ed cognitive and biologi-
cal markers of risk: cognitive defi cits in a number of domains that pre-date on-
set by many years (Kates 2010; Reichenberg et al. 2010; Welham et al. 2009); 
brain structural abnormalities, notably  reduced gray matter volume prior to 
onset and ventricular enlargement (Steen et al. 2006); sensitization of the  me-
solimbic dopaminergic system (Collip et al. (2008); and  HPA axis (Mondelli 
et al. 2010b; Pariante et al. 2004 axis. Despite these gains in our understand-
ing of the risk architecture of psychosis, known risk factors explain only a 
small fraction of the liability. Psychosis is evidently multifactorial, with roots 
in early neuro- and sociodevelopment. No single factor, as far as we know, is 
either suffi cient or necessary to cause onset. Instead, clusters of (overlapping) 
causes (see Figure 9.1) most likely work together (in varying combinations) to 
bring about the disorder (Schwartz and Susser 2006). Moreover, it may be that 
heterogeneity and overlap of clinical presentation mirrors  hetereogeneity and 
overlap in clusters of causes that lead to onset.

Specifi city

A key issue related to incidence and risk is  specifi city. Many of the risk factors 
for psychosis are nonspecifi c and overlap with other disorders and syndromes 
(e.g.,  bipolar disorder,  depression,  anxiety, and  posttraumatic  stress disorder). 
As illustrated in Figure 9.2, continuities (e.g., shared genes) and discontinuities 
(e.g., premorbid IQ) in risk exist between schizophrenia and bipolar disorder 
(Demjaha et al. 2012). Many of the social risk factors recently implicated in 
psychosis are associated with a wide range of disorders and other adverse out-
comes. For example,  childhood adversity, broadly defi ned, is associated with 
nearly every mental disorder as well as with a wide range of negative outcomes, 
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Figure 9.1 Hypothetical examples of clusters of risk factors that together may consti-
tute a suffi cient cause of psychosis: (a) genes, (b) trauma, (c) adversity, (d)  substance 
use, (e)  paternal age, (f)  obstetric complications, and (g) viral infection.
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including  school exclusion, poor educational attainment, subsequent  unem-
ployment, re-victimization,  substance use and abuse, and offending behavior 
(Kessler et al. 2010; McLaughlin et al. 2010). Complicating the picture further, 
much of the evidence that implicates social risk factors (e.g.,  trauma) has been 
based on studies of psychotic experiences in general populations (Varese et 
al. 2012). These studies show that psychotic experiences in these samples are 
strongly associated with common mental disorders, primarily  depression and 
 anxiety (Varghese et al. 2011). Similar overlaps have been observed in relation 
to  cognition and  biomarkers (Kelleher et al. 2012a).

There has been a tendency to view this  heterogeneity and overlap in risk as a 
problem and a challenge for efforts to understand distinct disorders. However, 
 nonspecifi city is common across medicine; risk factors often operate across 
multiple diseases (e.g., cardiovascular,  diabetes,  cancer). Nonspecifi city is 
generally observable in nature and as such should be viewed and embraced as 
an opportunity to understand shared pathways and interventions. For example, 
adverse environmental experiences and genes which lead to impaired brain 
function may combine to create a generalized vulnerability platform, or  plurip-
otent risk state. Over time, early nonspecifi c symptoms and signs may develop 
from which (depending on the presence of other risk or protective factors) 
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Figure 9.2 Shared and distinct risk factors for schizophrenia and  bipolar disorder (re-
printed from Demjaha et al. 2012, with permission of Oxford University Press).
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more specifi c clinical disorders may emerge, either alone or as multiple  comor-
bidities. This implies that if interventions could be targeted at this early state 
(i.e., before the signs of specifi c disorders appear), substantial public health 
benefi ts spanning a range of health outcomes could result (McGorry 2007).

Interactions and Causal Pathways

Science strives to fi nd simple, parsimonious hypotheses that are better suited to 
the scientifi c method (e.g., falsifi cation). However, those which examine one 
risk factor at a time do not refl ect the reality of biology. Interactions can exist 
between (a) genes (epistasis), (b) genes and the environment, as well as (c) two 
or more environmental risk factors. Risk factors can be linked with additional 
contingencies that result in unexpectedly complicated pathways. This necessi-
tates moving beyond efforts that isolate independent causal factors to consider 
interactions and causal pathways; that is, to elucidate webs of causation along 
pathways to psychosis.

Currently, there is intense interest in exploring interactions and causal path-
ways, most notably in relation to  gene–environment interactions (van Os et 
al. 2008). Not surprisingly, a growing body of data points to complex inter-
relationships between many of the candidate factors noted above, including 
putative though not robustly supported interactions between genes and envi-
ronmental exposures, e.g., AKT1 and  cannabis use (van Winkel 2011); envi-
ronment–environment interactions, especially across levels of analysis, e.g., 
cannabis use and  urbanicity (Kuepper et al. 2011); cumulative impacts of mul-
tiple exposures, e.g., trauma and social adversity (Morgan et al. 2008; Varese 
et al. 2012); and mediation along causal pathways, e.g.,  sexual abuse via re-
victimization and  affective dysregulation (Bebbington et al. 2011).

Recognizing these complex interrelationships constitutes an important ini-
tial step toward the dissection of the risk architecture for psychosis. They have 
the potential to inform us on the contexts (e.g., fragmented neighborhoods) 
within which individual-level exposures (e.g., social isolation) impact on risk, 
on how specifi c risk factors cluster and add up to increase risk, and on the 
developmental trajectories which, at each point, increase the probability of 
disorder. The potential implications for  prevention are clear: efforts could be 
targeted at key stages of development and at specifi c groups or areas. However, 
modeling these interrelationships is statistically complex and controversial 
(with notable potential for Type I error), requiring large samples with data on 
a range of exposures.

In relation to public health, we need to be particularly alert for interac-
tions between two or more risk factors that result in “qualitative” or cross-
over interaction. Zammit et al. (2010a) cite the example of paternal antisocial 
personality traits and childhood conduct problems. When  paternal antisocial 
personality traits are present, the more time a father spends with a child, the 
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higher the risk of conduct problems. In the absence of  paternal antisocial per-
sonality traits, however, the more time a father spends with a child equates to 
a lower risk of conduct problems (Jaffee et al. 2003). Such an example seems 
intuitive, but one can also envisage that, at a molecular level, if there are opti-
mal levels of a certain bioactive molecule (i.e., best function is achieved by not 
too little and not too much), then for individuals with low constitutive levels 
of that molecule, additional exposures which tend to elevate that molecule’s 
abundance would be protective. In others with optimal or high constitutive 
levels of that molecule, such exposures would, however, be damaging. There 
are no unequivocally demonstrated examples of this in psychosis, although the 
apparent existence of an optimal  dopamine level for some aspects of  prefrontal 
cortical function suggests such a possibility (Mattay et al. 2003; Vijayraghavan 
et al. 2007; Williams and Goldman-Rakic 1995).

Another example is given by the  methionine (or Met) allele from the brain-
derived neurotrophic factor (BDNF) val66met polymorphism, which leads to 
reduced secretion of the  BDNF propeptide (Egan et al. 2003). While decreased 
secretion of the neurotrophin and the resulting impediment of neuroplasticity 
may imply a resulting predisposition to mental disorder, this is not necessar-
ily the case. In the face of a stressor, the Met allele may be protective, as the 
amount of BDNF available to exert potentially negative plastic effects on the 
brain may be reduced (i.e., the variant acts as a buffer against the stressor). On 
the other hand, the same stressor in an individual with the  valine (or Val) allele 
at the same locus may elicit a response that results in a neuronal or cellular 
response that is qualitatively different. The Val variant of the BDNF val66met 
is more likely to engage a plasticity pathway when compared with the Met 
variant. This could result in maladaptions of the brain in the context of stress. 
To complicate this further, the greater plasticity associated with the Val al-
lele may also make individuals more responsive to protective factors, such as 
social support and  psychotherapy. According to this differential susceptibility 
concept (Belsky et al. 2009), the genetic profi le of an individual thus shapes 
the plasticity or responsiveness of the brain to environmental infl uences in 
general, thereby challenging the traditional view that susceptibility variants 
are inherently bad.

Risk Prediction in Populations

The overlapping  and distinct risk factors for schizophrenia and a range of other 
disorders pose a number of challenges, especially in terms of utilizing this 
knowledge to predict onset, to identify high-risk groups, and to guide preven-
tion and intervention. For example, the identifi cation of individual risk factors 
(or indicators), each of which may have contributed only a minimal amount to 
overall risk, is of limited value in developing interventions or for the purposes 
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of prevention. This is especially true for environmental factors and is illus-
trated using the example of cannabis.

Robust evidence from prospective cohort studies indicates that early use 
of cannabis is associated with a signifi cantly increased risk of psychosis and 
related outcomes (Arseneault et al. 2004; Moore et al. 2007). This makes can-
nabis an attractive candidate for  public health interventions (Degenhardt et 
al. 2009). However, because the effect size is relatively modest (e.g., Moore 
et al. 2007 report a twofold increase in risk) and because schizophrenia has a 
relatively low incidence (about 15 per 100,000 per year according to McGrath 
2007), as do other psychotic disorders (Kirkbride et al. 2006), the population 
attributable fraction associated with this exposure is disappointing. Based on 
the best available epidemiological data, Hickman et al. (2009) estimated the 
number of individuals who would need to stop using cannabis to prevent one 
incident case of schizophrenia (technically referred to as a “number needed to 
prevent” or NNP). In people aged 20 to 24 with heavy  cannabis use, they found 
that the NNP for men was 2800 whereas for women it was 5470. Estimates for 
people who use less cannabis is about four to fi ve times higher. Considering 
that the best available public health interventions related to cannabis cessation 
have weak outcomes (i.e., these interventions themselves have high NNP), 
leveraging cannabis use as a means to reduce the incidence of schizophrenia 
becomes much less attractive. Alternative strategies related to cannabis use and 
the risk of psychosis may relate to (a) identifying individuals who are at in-
creased risk due to other factors (e.g., genetic susceptibility, exposure to other 
risk factors, onset of academic decline, transfer to special education class due 
to behavioral problems), (b) reducing access to potent forms of cannabis, and 
(c) public health campaigns targeted at young teenagers to encourage delayed 
onset of fi rst cannabis use.

In other areas of medicine (e.g.,  diabetes, cardiovascular), multiple risk fac-
tors have been combined into risk scores (e.g., Framingham Risk Score for 
cardiovascular disease), with varying degrees of complexity, aimed at predict-
ing disease outcome (D’Agostino et al. 2001). The assumption in such models 
is that risk factors combine to increase the likelihood of disease or of poor 
outcomes. If brief and readily applicable in clinical settings, such tools may 
be of particular value in efforts to identify individuals at high risk of disorder 
and/or poor outcome.

Our discussions considered whether the development of such tools for risk 
factors in relation to psychosis was feasible. The various environmental factors 
implicated thus far are a mixture of risk indicators and risk factors measured at 
different levels (e.g., trauma,  ethnicity, social fragmentation). As noted, further 
work is needed to establish how these various factors relate to each other. The 
limitations are illustrated in a study using data from the British 1946 Birth 
Cohort, in which Jones and Van Os (1998) found that combining a number of 
neurodevelopmental risk markers yielded a positive predictive value of only 
1.2% for schizophrenia.
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Based on data available presently, it appears that we need to determine 
whether (a) risk factors (or their combination) with stronger  predictive  validity 
exist and/or whether (b) additive models of risk assessment may not apply for 
psychosis, and so new concepts, analytic techniques, and algorithms may be 
necessary. A more restricted approach, focusing on a narrower domain of risk, 
may be more productive at this stage.

Take, for example, polygenic risk scores: Given the effect sizes of typical 
common variants in schizophrenia, if such alleles are to contribute to risk pre-
diction it will be through examination en masse of large groups of markers rath-
er than individual associations. One way of applying these large sets of alleles 
is through a method known as  polygenic score analysis. As initially applied 
in schizophrenia by the  International Schizophrenia Consortium (ISC), this 
approach was used to test the hypothesis that schizophrenia risk with respect 
to common alleles is distributed across very large numbers of genetic variants 
with small effect size (Purcell et al. 2009). The process involves designating, 
as putative schizophrenia risk alleles, those alleles that are “associated” with 
schizophrenia at extremely relaxed thresholds (e.g., p < 0.5) in discovery or 
risk score “training”  genome-wide association (GWA) data sets. In subsequent 
independent “test” data sets, individuals are then assigned “polygenic scores” 
based on the average number of “risk” alleles weighted by their effect sizes 
in the training data set, and the scores for cases and controls are compared. 
Data from the ISC revealed that such scores were highly signifi cant predictors 
of affected status in the independent schizophrenia data sets, and indeed also 
predicted  bipolar disorder (Purcell et al. 2009). Based on the ISC training data 
set, the effect size for predicting case status was extremely small, but the ISC 
study estimated that larger training GWA studies might achieve more robust 
predictive values at a level that, while not of diagnostic value, might identify 
individuals at substantially elevated risk of the disorder at a level equal to or 
better than  family history. If this prediction turns out to be correct, and enough 
data become available over the next few years to test it, such polygenic scores 
might be deployed to identify individuals at relatively high risk.

Ultimately, it would be optimal to combine risk factors from many domains. 
The high-risk paradigm offers another potential avenue for prediction, with 
emerging evidence for specifi c clinical and demographic factors that predict 
transition to psychosis (Yung and McGorry 1996; Demjaha et al. 2012). For 
example, a family history of psychosis, a recent decline in functioning, and 
a new onset of sub-syndromal psychotic experiences are associated with an 
increased risk of transition in up to 40% of individuals in the peak age (15–25 
years) for the development of psychotic disorder (Cannon et al. 2008; Murray 
et al. 2004). In one study of individuals at high risk, when factors such as fam-
ily history, a decline in social functioning,  drug abuse, and  delusion-like symp-
toms were combined, around 80% of cases who made the transition to psy-
chosis were predicted (Cannon et al. 2008; Murray et al. 2004). Development 
of neurobiological measures that index vulnerability to psychosis (e.g.,  gray 
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matter volume,  cortisol, neurocognitive profi le,  event-related potentials) is 
also a promising area that may lead to the development of other  assessment 
tools for predicting risk.

From Risk Factors to Risk Pathways and Mechanisms

How can knowledge of risk and resilience factors be leveraged to optimize dis-
covery pathways? That is, how can we elucidate the complex causal matrices 
and pathways through which identifi ed risk factors impact on neural circuits 
in the  pathogenesis of disorder? Achieving this necessarily requires research 
across multiple levels, ultimately from the societal to the individual to the mo-
lecular. Important examples exist to illustrate how this can be achieved (see 
McGrath and Meyer-Lindenberg, this volume) as well as the signifi cant ob-
stacles that can limit progress. Our discussions inevitably focused on examples 
drawn from our areas of interest and expertise. We do not suggest that these are 
the only or most important ones. Other examples include links between  stress 
and the  HPA axis (Mondelli et al. 2010a); links between stress and brain chem-
istry, notably  dopamine (Howes and Kapur 2009; Howes et al. 2012b); and 
links between exposure to threat and cognitive pathways (Garety et al. 2001). 
One of the key themes for us was how the basic neurosciences could be more 
effectively engaged in the study of psychosis. Related to this, Andre Fenton 
(pers. comm.) provided the following “view from a basic neuroscientist”:

It will be generally valuable to recruit basic neuroscientists to study prob-
lems that are directly relevant to schizophrenia. In particular, this recruitment 
will be necessary to characterize the neurobiological consequences of genetic 
alterations that have been identifi ed in schizophrenia. However, most basic 
neuroscientists will continue to be reluctant to study  animal models based on 
 genetic risk factors for the simple reason that the relevance of a particular ani-
mal model to schizophrenia is questionable. This will be particularly true for 
 genetic models derived from genetic screens if the penetrance of the mutation 
is low. In this case, studying the particular gene or genetic alteration will also 
be of uncertain value and thus of low interest.

There are three basic ways to encourage the desired recruitment:

1. Demonstrate that the target mutation is clearly and importantly in-
volved in schizophrenia. To run a basic neuroscience research program 
the animal model needs to be both well defi ned and relevant. Meeting 
this condition would allow the researcher to explore pathophysiologi-
cal and behavioral consequences with confi dence that the fi ndings have 
relevance to schizophrenia.

2. Demonstrate that a particular behavioral or pathophysiological end-
point is crucial to a core aspect of schizophrenia—understanding that 
the endpoint will likely represent one or a small number of features of 
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the syndrome, as opposed to an animal model of the full syndrome. In 
this way, the research program can proceed without needing to know 
whether the model being studied is relevant to schizophrenia per se.

3. Provide a clear set of theories. Given theory, the researcher can proceed 
by making predictions and evaluating experimental outcomes against 
the theory. This will allow the go/no go decisions to be made as the 
research program evolves.

Examples in Genetics

One major challenge in the  genetics of schizophrenia lies in translating the 
identifi cation of common variation into a deeper understanding of the biologi-
cal pathways involved. This challenge exists because odds ratios for identifi ed 
common genetic variants are low, and thus they may not induce robust changes 
that can easily be modeled in cellular or animal systems. This limits the use of 
these fi ndings and poses challenges for engaging the wider neuroscience com-
munity. From a neuroscience perspective, high-penetrance variants provide 
a much more promising basis than low penetrance variants for investigating 
biological mechanisms and pathways through cellular and animal studies. At 
present, known high-penetrance variants for psychosis are restricted to  CNVs, 
where the typical molecular lesions span multiple (often very many) genes, 
any one or more of which might be relevant (Sullivan et al. 2012a). Therefore, 
the reliable identifi cation of high-penetrance single-base mutations may offer 
more precision in modeling. Strategies are now underway to identify these 
smaller molecular lesions; for example, whole exome and genome sequenc-
ing of case-control samples, and sequencing of mother–father–offspring fami-
lies for variants that arise in affected persons as new mutations. While many 
variants of potential interest have been identifi ed through sequencing (Xu et 
al. 2012), thus far none has been demonstrated to have an etiological role in 
schizophrenia. This work is in its early stages and should these variants exist, 
there is good reason to be optimistic that some will be identifi ed. 

Although it is diffi cult to model effects at the individual level, common 
genetic variants still offer opportunities for engaging neuroscientists with dif-
ferent requirements. Existing approaches seeking multiple weak variants in 
biological systems have pointed to targets for investigation and even possible 
therapy in  Alzheimer’s disease (Jones et al. 2010b). While it is possible, or 
even likely, that the complexity of psychosis means these associations are dis-
tributed across more biological processes or functions (which reduces power), 
there is already evidence for (a) enrichment of common genetic risk factors 
in  bipolar disorder in genes encoding types of calcium channels (Sklar et al. 
2011), (b) schizophrenia risk factors in a set of genes whose expression is 
regulated by microRNA-137 (GWAS Consortium 2011), and (c) rare vari-
ants in a set of genes affi liated to the  glutamate NMDA complex (Kirov et 
al. 2012). The identifi cation of the broad processes involved has the potential 
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to generate specifi c hypotheses, which can then be more readily exploited by 
basic neuroscientists. Moreover, although it remains to be established, it is at 
least plausible that common weak and rare strong variants will often converge 
on the same genes, or the same biological process. This means that modeling 
weak genetic effects through more robust genetic lesions (e.g., gene knockout) 
may be a tenable approach to deriving insights into the relevant mechanisms.

Other avenues for exploiting genetic fi ndings have not yet been fully ex-
plored. Available sample sizes are probably inadequate for gene–gene inter-
action studies. Samples with both rich data on environmental exposures and 
extensive genetic data are even smaller, limiting the possibilities to explore 
 gene–environment interplay. With respect to genes and the environment, some 
large studies are underway (e.g., EU-GEI 2008).

Genetics offers further avenues for investigating pathways to disorder, in-
cluding the incorporation of nongenetic data. The identifi cation of high-risk in-
dividuals through molecular methods (see above discussion on polygenic risk 
scores), for example, can be expected to facilitate any number of study designs 
that look at trajectories to disorder and, in particular, risk and  resilience factors 
which distinguish those at high risk who go on to develop the disorder versus 
those who do not or whose outcome is more or less severe. One concrete exam-
ple for which there are many analogous approaches is to follow a large sample 
of people with a defi ned molecular lesion that confers high risk (e.g., a specifi c 
CNV) with detailed longitudinal phenotyping. Such approaches may not just 
identify risk and resilience factors per se, but the detailed trajectories (e.g., 
EEG changes or time courses of cognitive and social interaction changes) can 
inform the work of basic neuroscientists in generating and exploiting model 
systems (cf. analogous changes during animal brain development), a process 
which might be iterative with the model systems informing designs of human 
high-risk studies.

Another area that is attracting considerable interest is  epigenetics, which 
promises to produce novel insights into the dynamic interplay of genes and 
environments. While researchers often use the shorthand of labeling risk as 
“genetic” or “environmental” (i.e., nongenetic), it has long been accepted that 
this simplistic dichotomy does not refl ect the transactional nature of biology. 
In particular, it does not capture the contingencies that occur between infor-
mation derived from the DNA sequence (which we inherit from our parents) 
and instructions from the environment (which can range from basic chemical 
requirements for life, to mother–infant  bonding  and the family unit, to broad, 
system-level components at the level of society). The science of epigenetics 
aims to capture some of the mechanisms that mediate the interaction between 
these two broad domains. While the boundaries of this fi eld are still being 
refi ned, it is clear that environmentally mediated factors (e.g., altered  nutri-
tion, stress) can change the tissue-specifi c and developmentally specifi c modi-
fi cation of DNA (e.g., via mechanisms related to methylation, histone coding, 
chromatin packaging). These mechanisms allow environmental exposures to 
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lead to persistent changes in the patterns of gene transcription, analogous to 
those that result from genetic variation, which may have profound implications 
for cellular properties and resultant emergent properties of this tissue. Within 
the fi eld of schizophrenia research, there is considerable hope that this cat-
egory of observation may provide mechanisms that link an exposure (e.g.,  pre-
natal famine, early life stress exposure) and biologically relevant phenotypes 
(e.g., neuroendocrine responsiveness, neurotransmitter properties) (Labrie et 
al. 2012; Oh and Petronis 2008; Petronis 2010; Pidsley and Mill 2011; Rutten 
and Mill 2009; Toyokawa et al. 2012).

Examples in  Neurobiology

Measures of brain structure and  brain function, including structural and  func-
tional MRI as well as electrophysiological paradigms, offer particular promise 
for studies of pathways and mechanisms linking environmental risk factors 
to psychosis. In particular, when measured using these tools in longitudinal 
fashion in  animal models and humans, the effects of  environmental risk fac-
tors,  genetic risk factors, or both can provide an index of risk factor effects 
(i.e., mechanisms of effect) on brain structure and brain function. Furthermore, 
these types of studies can provide a platform where preclinical studies of novel 
therapeutics can be tested on brain structure and brain function, as well as 
behavioral defi cits. As outlined by Cadenhead and de la Fuente (this volume), 
all of these measures demonstrate evidence of change during the prodrome 
and fi rst episode of psychosis, perhaps revealing early brain changes at the 
emergence of psychosis.

In the preceding decade, a particular focus of  neuroimaging research in psy-
chiatry has been the identifi cation of neural correlates of genetic risk variants 
for schizophrenia in the brain using   imaging genetics—a research strategy that 
combines molecular genetics and neuroimaging techniques (Meyer-Lindenberg 
and Weinberger 2006). One of the main tenets of this approach is the idea that 
genetic susceptibility effects are not directly expressed at the behavioral level; 
instead, they are mediated by molecular and cellular mechanisms that shape 
the structural and functional properties of neural circuits. Compared with be-
havior, risk-related genetic effects likely have a higher penetrance for more 
direct indices of these structural and functional changes, and may be studied in 
healthy volunteers in the absence of illness-related confounds such as medica-
tion. At the beginning, studies focused on  candidate genes. Recently, attention 
has shifted to the examination of genome-wide signifi cant schizophrenia risk 
variants, where the link to the syndrome itself has been established with suf-
fi cient confi dence.

For example, a promising systems-level  risk phenotype is altered  func-
tional  connectivity of the  dorsolateral  prefrontal cortex (DLPFC) and  hip-
pocampus during  working memory. Infl uential pathophysiological models of 
schizophrenia propose that genetic and environmental risk factors disturb the 
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normal developmental maturation of pathways that interconnect these struc-
tures (Murray and Lewis 1987; Weinberger 1987), which is thought to promote 
defi cits in experience-dependent plasticity, abnormal functional and structural 
 connectivity, as well as psychosis in adulthood (Harrison and Weinberger 2005; 
Meyer-Lindenberg 2011). Consistent with this, disturbed  prefrontal-temporal 
 functional connectivity is evident in chronic, fi rst episode, and prodromal 
samples (Crossley et al. 2009; Meyer-Lindenberg 2011; Meyer-Lindenberg 
et al. 2005; Rasetti et al. 2011; Wolf et al. 2009). In addition, anomalies in 
functional connectivity of  DLPFC  and  hippocampus have been detected in 
unaffected relatives of patients with schizophrenia (Rasetti et al. 2011), healthy 
carriers of a genome-wide supported schizophrenia risk variant (Esslinger et 
al. 2009; Paulus et al. 2013; Rasetti et al. 2011), and genetic animal models of 
schizophrenia (Sigurdsson et al. 2010). A  genome-wide supported risk vari-
ant for schizophrenia and  bipolar disorder in  ZNF804A is particularly interest-
ing in this context, as the genetic association to altered DLPFC–hippocampus 
functional connectivity per se has been replicated in an independent sample 
(Meyer-Lindenberg 2010a).

Recently, efforts have recently been extended to investigate the effects 
of established (but complex) social-environmental risk factors in the brain 
(Meyer-Lindenberg and Tost 2012). One example of the potential for inter-
rogating  epidemiology and neuroscience research is the characterization of the 
neural effects of  urban upbringing, an established environmental risk factor for 
schizophrenia. Using functional MRI to examine brain response during social 
evaluative stress processing in healthy volunteers, a recent study (Lederbogen 
et al. 2011) detected an association of urban upbringing and functional altera-
tions in the  perigenual cingulate cortex (pACC), a key brain region for the 
regulation of negative emotion and  stress (see Figure 9.3). Prior data from epi-
demiology suggests that the adverse effect of urban upbringing is modulated 
by  genetic risk factors, with an excess rate of psychosis in genetically vulner-
able individuals brought up in urban environments (van Os et al. 2004). From 
a conceptual point of view, it appears most plausible that certain genetic and 
environmental risk factor constellations gain their clinical momentum through 
converging adverse impacts on the functionality of shared neural systems. 
Direct proof for adverse  gene–environment interactions in the brain can be 
provided by probing the identifi ed functional systems in individuals stratifi ed 
by genetic and social background.

In addition to the identifi cation of neural correlates of genetic risk, efforts 
have been made to use  neuroimaging and electrophysiological  measurements 
( ERPs,  neural synchrony,  prepulse inhibition) for predicting risk status for 
the development of psychosis (see Cadenhead and de la Fuente, this vol-
ume; Atkinson et al. 2012; Bodatsch et al. 2011; Jahshan et al. 2012; Tost and 
Meyer-Lindenberg 2012). Studies with electro- and magnetoencephalography, 
for example, have the advantage over functional imaging of capturing neuronal 
dynamics with a millisecond temporal resolution. However, such approaches 
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face several important conceptual and methodological challenges: intra-site 
reliability for longitudinal studies and inter-site reliability and variability of 
functional measures in the general population.

Analogous to the molecular genetics fi eld, the identifi cation of the effects 
of risk factors of small effect size as well as complex  gene–gene or gene–envi-
ronment interactions in the brain require the availability of large data archives. 
To test the potential of systems-level neuroscience measurements for risk pre-
diction and biomarker discovery fully,  future research needs to be conducted 
in multicenter studies with standardized quality assurance measures, data ac-
quisition and processing schemes (including task paradigms), and analysis 
algorithms.

Research Challenges

Consideration of the previous examples (which, again, refl ected our group’s 
experience) and our review of what is known about the risk architecture of psy-
chosis from  epidemiology led us to consider the challenges associated with an 
attempt to develop ambitious research programs aimed at integrating fi ndings 
across multiple levels. Two implications were clear: (a) very large  samples 
are necessary and (b) detailed information on these samples is needed across 
the full range of putative risk and  resilience factors, from the environmental 
(including both individual level and area level exposures) to neurobiological 
to molecular. This means that research efforts need to be signifi cantly scaled 

Social–emotional processing network
Genetic risk factors
for schizophrenia

CACNA1C
ZNF804A

Social–environmental
risk factors for
schizophrenia

Urban upbringing
Social status processing

Figure 9.3 Effects    of social and environmental risk factors for schizophrenia on regu-
latory circuits of human  social-emotional processing (Tost and Meyer-Lindenberg 2012).
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up and broadened. Sampling and measurement (broadly defi ned to include the 
full range of  assessment tools, from  self-report questionnaires to neuroimaging 
to biological samples) constitute crucial areas for future research to address.

Sampling and Samples

What is the optimal strategy for the most effi cient generation of new, large 
samples that will collect data across multiple levels of analysis?

A useful starting point is  population-based sampling, which can set the prin-
ciples for the selection of large representative cohorts and case-control sam-
ples. Population-based sampling broadly refers to the generation of a random 
sample (using a suitable sampling frame) from a known population (such that 
each person within that population has an equal chance of being selected to 
participate in the study) and, if not subject to selection bias, provides (rela-
tively) precise estimates of the prevalence of exposures. This, then, sets the 
optimal standard for sampling to estimate  risk and exposure prevalence. In 
some northern European countries, most notably Denmark and Sweden, the 
availability of register data on the whole population, and the facility to link 
these data to, for example, information on health service contacts and hospital 
admissions, sidesteps the issue of sampling altogether, as the sample is the 
entire population. Such systems provide considerable opportunities for stud-
ies that utilize data on whole populations across a wide range of domains, and 
studies from these countries have already produced a series of seminal fi ndings 
that have advanced our understanding in a number of areas (e.g., Pedersen and 
Mortensen 2001).

Other sampling strategies are also important. Use of the Internet, for ex-
ample, permits rapid generation of large samples with specifi c characteris-
tics. At the  Cognitive Assessment and Risk Evaluation (CARE) program at 
the University of California San Diego, the Internet has become an increas-
ingly important means of recruiting early psychosis participants. Domingues 
et al. (2011) report that 16% of 223 subjects enrolled over a ten-year period 
were identifi ed via the Internet. The number of subjects recruited per year via 
the Internet increased each year during the course of the study. The primary 
Internet site that refers to the  CARE program is schizophrenia.com, a site dedi-
cated to providing high-quality information on schizophrenia to the general 
public. On this site there is a link to a “Schizophrenia Screening Test and Early 
Treatment Resources,” which includes a screening instrument developed by 
Yale University and a list of prodromal psychosis programs worldwide. This 
method of recruitment is similar to that of many early psychosis programs 
worldwide.

In general, sampling for studies of biomarkers and neurobiological risk 
pathways have tended to be more ad hoc and purposive than described 
above, in part because the required sample sizes tend to be smaller and in 
part because of the relative practical diffi culty of completing assessments (e.g., 
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 neuroimaging studies always require individuals to attend research facilities 
within which scanners are based) and consequent burden to participants. The 
aims are not usually to estimate main effects, but to explore pathogenic pro-
cesses. Consequently studies may seek, for example, to identify individuals at 
the extremes of distributions (e.g., top 10% genetic liability and bottom 10%) 
or with and without exposures of interest (e.g.,  sexual abuse). This way more 
detailed assessments and samples relating to hypothesized psychological and 
biological pathways can be conducted (e.g., MRI, fMRI,  cortisol,  PET). Still, 
systems-level neuroscience research faces specifi c issues related to sampling 
bias. This arises from various sources such as technique-specifi c contraindi-
cations (e.g., nonremovable metal implants or electrifi ed devices in the case 
of MRI), inconveniences (e.g., claustrophobia-provoking space restrictions), 
and the preferred location of high-end research equipment in urban areas. This 
can promote an underrepresentation of older, lower-educated participants with 
general somatic  comorbidities from rural areas.

It may seem obvious, then, that the optimal strategy is to construct large 
population-based samples (either cohorts or case-control) in which sub-studies 
of psychological, biological, and genetic mechanisms based on selected sub-
samples can be nested within the larger study of risk and  resilience factors (and 
their interactions). Data collected on all participants recruited to the epidemio-
logical study can be used purposefully to identify individuals with particular 
characteristics; for example, individuals at high or low risk of disorder (defi ned 
according to prespecifi ed criteria, such as cognitive decline and  family history 
of disorder) as well as at the extremes of genetic liability. These individu-
als can then be assessed in greater detail on a wider range of cognitive tests 
(neural and social) and (potential) biomarkers. Recruitment to these nested 
studies will be no less challenging than recruitment to such studies general-
ly; still, the fact that participants are drawn from a known sample means that 
nonrecruitment bias can be quantifi ed in relation to all variables collected on 
original participants. In short, the fi ndings from nested sub-studies of mecha-
nisms will be more readily generalizable to a wider population (or at least the 
limits on generalizability will be more apparent). It is not just studies of neural 
pathways that can benefi t from such an approach. In relation to environmen-
tal assessments, the necessarily more cursory and crude measures of environ-
mental exposures used in large samples can be validated using more detailed 
assessments in subsamples (which may include independent corroboration, 
e.g.,  obstetric events,  child abuse). This model is increasingly being adopted 
in existing cohorts (e.g.,  Avon Longitudinal Study of Parents and Children or 
ALSPAC,  Dunedin,  Environmental Risk Longitudinal Twin Study).

Two other design considerations came to the fore in our discussions. First, 
cohort studies to investigate psychosis are diffi cult and expensive; psychotic 
disorders are relatively uncommon (compared with anxiety and  mood disor-
ders) and relevant exposures or biomarkers often occur or are evident long be-
fore onset. This has, in part, fuelled interest in extended psychosis phenotypes 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109381/9780262314602_c001000.pdf by guest on 02 January 2024



 How Can Risk and Resilience Factors Be Leveraged? 155

(i.e., transient and mild psychotic experiences,  schizotypy) and  endopheno-
types (e.g., cognitive performance), which are more common. A number of 
cohort studies are ongoing that have relevant data (e.g.,  Avon Longitudinal 
Study of Parents and Children,  Dunedin,  Environmental Risk Longitudinal 
Twin Study, Christchurch Study). Individually, each study may not be large 
enough to provide suffi cient numbers of individuals who develop a psychotic 
disorder. As far as we are aware, what has not been considered is combining 
samples, such that as participants pass through the age of risk for psychosis, 
the numbers meeting criteria for clinical disorder may allow for meaningful 
analyses.  Genetics has led the way in showing how large-scale collaborations 
can yield samples that would have been otherwise impossible but which are 
essential to achieve suffi cient power.  Epidemiology needs to follow suit!

Second, the case-control studies noted above should not be discarded. 
Given what we now know about the genetic architecture of the disorders, they 
are likely to be the mainstay of primary identifi cation of  genetic risk factors 
for the disorder for which there is still a pressing need but now a clear path-
way. Cheaper and more effi cient than cohort studies, they offer additional 
advantages:

• They allow for studies of clinical disorder.
• It is possible to collect more detailed information on a wider range of 

exposures.
• It is possible (as above) to nest within them studies of mechanisms.
• They allow for the simultaneous study of area-level factors and their 

impact on incidence rates and, using multi-level modeling, for analyses 
of the relative impact of area and individual factors on risk.

Of course, there are many pitfalls with case-control studies; most notably, they 
rely on retrospective assessment of exposures, a particular problem when the 
recall of exposures may vary by case-control status. Various strategies can, 
however, be adopted to minimize recall bias (including use of corroborative 
evidence and, where available, contemporary records). In addition, for some 
exposures (e.g., child abuse) which cannot reliably be assessed at the time of 
their occurrence, case-control studies may be the only feasible design. Finally, 
case-control designs can be readily extended to include siblings and other rela-
tives to reduce markedly unmeasured residual confounding.

In short, this points to the need for both (a) a scaling up and a mixed econo-
my of research, in which studies of neurobiological pathways are nested within 
population-based studies (i.e., cohort or case control), and (b) sharing epidemi-
ological data sets in order to have suffi cient power to explore complex causal 
pathways (e.g., gene–environment interactions, environment–environment in-
teractions). Regarding the latter point, while study-level meta-analysis is now 
well established in schizophrenia research, individual-level meta-analysis is 
often hindered by complex, time-consuming ethical and legal constraints re-
lated to  data sharing and protecting confi dentiality (van Os et al. 2009; Walport 
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and Brest 2011). Robust network and “cloud-based” systems, however, can 
now perform pooled analyses of individual-level data without sharing  data; 
that is, individual-level data is returned to a secure central hub for “virtual” 
pooling but is never committed to disk nor stored on the server at any point 
(Wolfson et al. 2010). After careful harmonization of variables and data struc-
ture, this methodology has recently been implemented by the International 
Collaboration for Autism Registry Epidemiology.

 Concepts and Measurement

Measure what is measurable, and make measurable what is not so.—attributed 
to Galileo (1564–1642)

The proposition that social risk factors are important in the etiology of psy-
chosis is now widely accepted, largely as a result of recent studies which show 
that incidence is socially patterned and that various contextual (e.g., social 
fragmentation, ethnic density) and individual-level (e.g., trauma) exposures 
are strongly associated with psychosis. The conceptualization and  measure-
ment of social risk factors in psychosis research remains crude, with only lim-
ited attention paid to, for example, the nature, timing, duration, and severity 
of exposure. It is not uncommon, for instance, for studies of child abuse to be 
based on single questions with no information about age of abuse, severity, 
frequency, or perpetrator(s). Similarly, our understanding of the processes that 
are indexed by proxy variables, such as population density (the usual way in 
which  urbanicity is operationalized) and  ethnicity, remains limited. It is un-
fortunate that as genetics and neuroscience develop ever more sophisticated 
technologies for interrogating molecular and neural processes, measurements 
of environmental exposures remain crude and outdated. This inevitably limits 
efforts to delineate the precise social processes that increase risk for psychosis 
and, without improvement, will thwart efforts to move from (social) risk fac-
tors to neurobiological mechanisms and pathways.

A useful starting point from which to move beyond the current situation 
may be a taxonomy to characterize the various types of socioenvironmental 
factors implicated in psychosis, as a basis for better understanding interrela-
tionships between them and for developing more (or identifying already exist-
ing) sophisticated assessments. One possible schema distinguishes:

• social position (status) or variables that relate to an individual’s or 
household’s place within a social hierarchy (e.g.,  social class, ethnicity, 
gender);

• social experience or variables that relate to events or diffi culties such as 
abuse,  trauma, life events, and daily hassles;

• social interactions or variables that capture social connections and 
breakdowns (e.g., social networks, support); and
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• wider social contexts ranging from schools and neighborhoods to re-
gions and societies, which may exert independent effects on health and 
which may modify the impact of variables measured at other levels.

Delineated this way, it is evident that we have lumped together very different 
exposures under umbrella terms with limited meaning:  social defeat (Selten 
and Cantor-Graae 2005), social disadvantage (Morgan et al. 2008), etc. This 
points  to the need for tools that more fully capture the nature of exposures. 
Where these are not available (and we should look fi rst; see below) there is 
signifi cant work to be done developing them. Of particular note here, and by 
way of an exception to the above, is the use of in vivo experience-sampling 
techniques, which capture in real time daily hassles and emotional responses, 
thus illustrating precisely the type of innovations required (Myin-Germeys and 
van Os 2008; Myin-Germeys et al. 2001).

While the above discussion primarily relates to social factors, a more gen-
eral point should be made regarding  measurement, which may once again 
seem obvious but merits highlighting: standardized paradigms are needed 
for neurobiological assessments and procedures (e.g., structural and func-
tional MRI, electrophysiological measurements, neurocognitive batteries). 
Standardization, however, is not enough. Measurement of specifi c processes 
(e.g.,  perception,  memory) must be accomplished without confounds from oth-
er processes (e.g., poor  attention, low motivation) or from generalized perfor-
mance impairments or other factors such as smoking or poor  nutrition (Knight 
and Silverstein 2001; Silverstein 2008).

Rapprochement with the Social Sciences

The above leads into consideration of the relevance of the social sciences to 
efforts to understand the impact of social factors on risk of psychosis. There is 
undoubtedly considerable skepticism within psychiatry about the value of the 
social sciences to understanding the etiology of psychosis. This stems from 
a now untenable view that the onset of schizophrenia and other psychoses is 
unaffected by environmental factors, as well as from the legacy of mistrust 
that developed when many social scientists sided with, and provided ammuni-
tion for, the amorphous antipsychiatry movement during the 1960s and 1970s, 
which challenged the very existence of mental illness (Morgan and Kleinman 
2010). As a result, despite select examples where collaborations have been 
enormously fruitful (e.g., for  depression, Brown and Harris 1978; for social 
class and schizophrenia, Hollingshead and Redlich 1958), researchers have 
been slow to draw from the social sciences in seeking to further investigate the 
crude social factors recently implicated in psychosis. In relation to concepts 
and measurement, there is much in fact that could be gained from a rapproche-
ment with the social sciences, most notably  sociology, which is primarily con-
cerned with precisely the factors and processes being considered in relation to 
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psychosis:  urbanicity, social class,  ethnicity, and all forms of  social adversity. 
In short, to optimize discovery pathways, there is as much a need to engage 
with the social sciences as with the neurosciences.

Implications for Prevention and Early Intervention

In considering  possibilities  for utilizing knowledge on etiological pathways 
to psychosis for prevention, our discussion was shaped by Geoffrey Rose 
(1985:33):

I fi nd it increasingly helpful to distinguish two kinds of aetiological questions. 
The fi rst seeks the causes of cases, and the second seeks the causes of incidence. 
“Why do some individuals have hypertension?” is a quite different question from 
“Why do some populations have much hypertension, whilst in others it is rare?” 
The questions require different kinds of study, and they have different answers.

This seminal paper (Rose 1985) suggests that strategies for prevention can be 
separated into those that seek to reduce (prevent) incidence rates of disorder in 
populations and those that seek to identify individuals at high risk of disorder 
and prevent individual cases of disorder.

General Populations

In relation to psychosis, we are not close to being able to predict risk (inci-
dence) at a population level (or at least determinants of incidence at a popula-
tion level), as already noted above in the discussion of  risk prediction tools. 
Based on a systematic review and meta-analysis of studies of the incidence of 
psychosis in England, Kirkbride et al. (2012) have done some initial work on 
predicting incidence rates given knowledge of the sex, age, and ethnicity of 
populations and population density. Such systematic reviews are particularly 
useful for service planning and resource allocation. However, they do not pro-
vide any information about how incidence rates may be modifi ed.

This noted, some of what we now know about pathways to the development 
of psychosis (via premorbid cognitive and functional decline), and the com-
mon occurrence of symptoms of  depression and  anxiety and isolated psychotic 
experiences prior to onset (i.e., a  pluripotent risk state in which a number of 
adverse outcomes are possible), point toward generalized strategies to inter-
vene to prevent more severe outcomes during childhood and adolescence. This 
was the basis for the staging model of mental disorder developed in Melbourne 
by McGorry et al. (2006). From this perspective, and further considering the 
nonspecifi c nature of many of the environmental factors implicated in psy-
chosis, broader  public health interventions that aim to reduce exposure to risk 
factors, and perhaps promote  resilience or protective factors, may impact on 
incidence of psychosis (along with other disorders and adverse outcomes). 
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Clearly, better  prenatal care, improved  nutrition, reduced pollution, more green 
space for  exercise, and  public health campaigns to reduce tobacco and drug 
use are positive interventions as a whole. This extends to interventions such as 
 school-based educational programs and interventions that target children who 
exhibit diffi culties or a decline in performance at  school. A further rationale for 
broad-based environmental efforts to reduce serious mental disorder later in 
life comes from animal studies, where exposure to enriched environments in 
adolescence has been shown to prevent psychotomimetic drug-induced behav-
ioral, social, and cognitive changes thought to model aspects of schizophrenia 
(Koseki et al. 2012). By educating school offi cials and providing early inter-
ventions, it might be possible to identify earlier those at greater risk for not 
only psychosis but also  mood,  anxiety, behavioral, or learning disorders and 
alter the potential course.

School-Based Interventions

One strategy for prevention involves targeting risk indicators (e.g., poor inter-
personal skills, poor social problem-solving skills, poor stress tolerance, poor 
self-regulation, decline in academic function) in children who show signs of 
risk for future mental health problems. Such interventions can be delivered in 
the school classroom as well as in other settings. Importantly, children receiv-
ing these services are not specifi cally identifi ed as being at-risk for psychosis; 
intervention may have positive effects on a range of outcomes (some of which 
have already been demonstrated), consistent with the idea that intervening dur-
ing the  pluripotent risk state may be more effective than intervening at the later 
stage of high risk for a specifi c disorder.

For example, there is a developing evidence base for  social-emotional learn-
ing interventions (delivered by trained teachers as part of regular classroom 
curricula) that shows signifi cant effects on positive behavior, improved social 
emotional competencies and academic performance as well as decreases in 
conduct problems and emotional distress, and these are increasingly being im-
plemented in school settings (Durlak et al. 2011). To date, however, the effects 
of such programs on preventing the development of serious mental disorders 
that continue into (or emerge in) adulthood are not known. Recent evidence 
from the animal literature, however, suggests that prophylactic training of 
specifi c cognitive functions might reduce the negative effects of a later-onset 
schizophrenia-related brain abnormality (Lee et al. 2012). Thus, the effects of 
very early intervention services will be important to explore, especially in light 
of the relative failure of current “ultra high-risk” identifi cation and treatment 
efforts to delay psychosis by more than one year (Yung and Nelson 2011). In 
implementing school-based programs at a relatively early age (e.g., 8–13) for 
children identifi ed as being in a pluripotent risk state, two critical issues and 
potential barriers involve (a) avoidance of labeling and  stigmatization and (b) 
funding for adding interventions to the school curriculum.
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 At-Risk and Early Psychosis Populations

When we narrow our focus from the general population to those individu-
als who are at greater risk of psychosis, or who are already showing early 
signs of psychosis, a number of novel and potentially important pharmaco-
logic and nonpharmacologic interventions have been identifi ed that address 
risk domains (e.g., stress response, infl ammatory processes,  nutrition) but have 
yet to be studied as preventative or disease-modifying strategies in the early 
course of psychotic disorder (for a review, see Cadenhead and de la Fuente-
Sandoval, this volume). Similarly, informative  biomarkers that provide insight 
into mechanisms of illness or serve as putative predictors of psychotic illness 
can serve as surrogate endpoints in clinical trial designs and provide new direc-
tions for biomedical research. To illustrate the use of neuroimaging markers in 
 treatment development and prevention, consider the following examples:

1. Once identifi ed, and suffi ciently established through independent rep-
lication, neuroimaging phenotypes related to genetic and/or environ-
mental risk for schizophrenia may serve as neural systems markers that 
may be targeted for treatment development, in a “top-down” approach 
to treatment. For example, knowledge from neuroimaging and neuro-
physiological studies that demonstrate impaired structure and function 
in the DLPFC (see above) provides a rationale to target this particular 
brain region, and its associated functional neural circuitry, while study-
ing the effects of novel pharmacological compounds or other therapies. 
One example for a novel therapeutic approach is repetitive  transcra-
nial magnetic stimulation (rTMS). Prior evidence suggests favorable 
effects of rTMS in DLPFC on  negative symptoms, cognitive function, 
and intermediate neural markers linked to both this particular brain 
region and functional alterations in schizophrenia (Barr et al. 2013; 
Boroojerdi et al. 2001; Gromann et al. 2012; Prikryl et al. 2012; Rounis 
et al. 2006). Here, established neuroimaging markers of genetic or en-
vironmental risk, such as  DLPFC-hippocampus coupling, may be used 
as functional readouts to examine whether novel therapies are effi cient 
in modifying this particular neural system . If so, these markers may 
further be used to optimize these treatment approaches (e.g., by fi nd-
ing the optimal range of stimulation intensity in the case of rTMS, or 
the optimal dose range in the case of novel compounds). Notably, the 
fact that the risk marker itself is biological in nature does not mean 
that these features can only inform primarily biological interventions. 
In all these efforts, the brain is best conceptualized as an intermediate 
observation level where genetic and environmental risk factors con-
verge and increase illness risk by their complex combined effects on 
shared neural subsystems. The same principle applies to the validation 
and optimization of psychotherapeutic approaches; for example, in the 
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context of the effects of behavioral therapy on established neural risk 
markers, such as  amygdala hyperactivity in  depression and anxiety dis-
orders (Bryant et al. 2008; Siegle et al. 2006).

2. To give an example of a bottom-up approach, the effects of an envi-
ronmental risk factor on brain structure or function might be useful 
for informing, or supporting, disease prevention strategies. Following 
the discovery of such a risk factor in a  population-based sample, neu-
roimaging can be used to identify the effects of this in the brain (e.g., 
the effects of the complex phenomenon “ urbanicity” on  pericingulate 
function; Lederbogen et al. 2011). Further decomposition of these com-
plex environmental risk factors into causal subcomponents (vs. epiphe-
nomena) is certainly necessary to inform true preventative approaches. 
Here, neuroimaging risk markers may add an additional level of obser-
vation that can be exploited to guide these efforts (e.g., if signifi cant 
associations of pericingulate function with social support measures, but 
not  socioeconomic status, were to be detected). Naturally, not all of 
the identifi ed neural functional (and presumably causal) risk subcom-
ponents will be immediately susceptible to manipulation in real-world 
environments to modify disorder risk. However, the combination of 
evidence for a risk factor from a population-based sample, coupled 
with follow-up validation demonstrating effects of this risk factor on 
the brain, can provide a powerful platform to inform  public health strat-
egies for prevention.

There are, however, a number of impediments to the effective implementation 
of  clinical trials for novel interventions in early psychosis, such as lack of in-
terest by pharmaceutical companies in older drugs that would not provide prof-
its (e.g.,  aspirin,  minocycline). In addition, there are safety concerns regarding 
the use of children or teenagers who are represented in  at-risk populations. The 
latter point raises a signifi cant issue; namely, by separating  services for chil-
dren and adolescents from services for adults, barriers are created that impact 
research, intervention, and prevention.

Interface with Child Psychiatry

There is a clear disconnect between disciplines that address child and adult 
psychiatry across all countries represented at the Forum: Australia, Canada, 
Germany, Great Britain, Ireland, The Netherlands, Switzerland, and the United 
States. Breaking down the boundaries between the clinical disciplines of child 
psychiatry, developmental disabilities, and adult psychiatry carries with it a 
number of potential benefi ts.

As noted, psychosis is a developmental disorder, the early signs of which are 
often evident long before the emergence of  positive symptoms and behavioral 
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disturbance. Those who go on to develop psychosis may be known to child 
services. Partitioning of services into separate child and adult systems discour-
ages combined approaches that might enhance power by marshalling all rel-
evant forces (including datasets), inhibits the use of expertise to develop the 
best developmentally appropriate tools of clinical (and other) measurement for 
research, and is a barrier to information fl ow about the outcome of research. 
Given the evidence that certain disorders in childhood are either risk factors 
for, or early manifestations of, adult disorders, it can be expected that the re-
search agenda can be fostered by longer-term clinical perspectives, even at 
the level of case reports that seed experimental or more detailed observational 
studies. The discontinuity in service provision inhibits a longitudinal perspec-
tive, both among clinicians and in more formally designed studies that aim, 
for example, to identify which disorders have childhood precedents, who is 
most at risk, and even optimal treatment of the subset of people with child-
hood disorders who go on to develop psychotic (as well as other) disorders. 
As noted, there is evidence that preventative or ameliorative interventions for 
adult disorders may require delivery by those who conventionally work in the 
childhood arenas.

In addition to a more seamless integration of child and adolescent and adult 
psychiatry, prevention efforts could be enhanced by closer ties between mental 
health experts and the following groups: special education teachers, juvenile 
justice program staff, social workers, developmental psychologists, and family 
therapists. For example, special education teachers, by defi nition, work with 
children with serious emotional disturbances and/or cognitive/academic dif-
fi culties, and a substantial proportion of whom can even be considered to be 
at high risk for developing a serious mental disorder. Although these teachers 
have many skills for improving the social and academic performance of these 
children and adolescents, these skills are essentially unknown to child psy-
chiatrists and psychologists. In addition, these teachers typically lack training 
in the identifi cation of risk factors for serious mental disorder and in inter-
ventions developed within psychiatry. Similarly, a stressful upbringing (e.g., 
dysfunctional family environment, economic disadvantage) has been shown 
to increase risk for schizophrenia in both genetic high-risk (e.g., Tienari et al. 
2004) and non high-risk (Wicks et al. 2005, 2010) populations, and it has been 
suggested that insights from the fi elds of neuroscience, genetics, psychology, 
and studies of the social world could be integrated into formulations focusing 
on interlevel interfaces, with profound implications for training, practice, and 
research in the fi eld of family processes and therapy (Sluzki 2007). We do not 
wish to imply that there is a problem with different professionals possessing 
different skills. However, it is a problem if these professionals work separately 
and in relative isolation, without informing each other’s work or treatment/
education plans.
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Recommendations

Expanding on our initial set of questions, we propose the following directions 
for  future research:

1. Research needs to target the identifi cation of risk factors—both genetic 
and nongenetic—scaled up by (a) combining existing cohorts and (b) 
constructing large  population-based samples with nested studies of 
neural pathways and mechanisms.

2. Related to point 1, there is a need for stronger efforts, incentivized 
by funders, to make available large relevant epidemiological data sets, 
with a high priority for data sets that have genetic data from which to 
draw individuals at higher risk, to the research community much earlier 
(following the lead taken in genetics).

3. There is a need for much stronger interdisciplinary ties and fully inte-
grated research programs between the neurosciences, the social scienc-
es, developmental psychology, and immunology (neuroimmunology).

4. To move beyond crude markers of  environmental risk (e.g.,  urbanicity, 
 ethnicity), we need to develop (or identify from the social sciences and 
use) more sophisticated concepts and social  assessment tools to capture 
the complexities of social contexts and experiences over time.

5. To allow better  developmental modeling by neuroscientists and the 
genesis of theories which then become testable in those models, com-
prehensive longitudinal characterizations need to be developed at the 
earliest possible stage of cognitive, psychological, neurophysiological, 
social, and environmental profi les of individuals at high risk (identifi ed 
through the population and other high-risk study designs).

With respect to prevention and treatment, we identifi ed the following needs:

1. Emphasis needs to be given to the importance of implementing public 
health strategies that impact on important risk factors for psychosis.

2. Promising interventions that may have failed in patients with long-
standing disorders need to be tested in at-risk and early psychosis 
populations.

3. The effectiveness of  school-based interventions that target young peo-
ple in a  pluripotent risk state needs to be examined in terms of im-
proving cognitive, academic, and social functioning, and for reducing 
behavioral disturbance and later incidence of serious mental disorder.

4. Child and adolescent services need to be merged with young adult ser-
vices to better target the population at greatest risk for psychosis and 
follow them through the full developmental course.
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Conclusions

The scientifi c map of schizophrenia is not a blank sheet. Over the last few 
decades, major advances in understanding genetic and nongenetic risk fac-
tors have been achieved, although some of the discoveries have been a source 
of frustration for those looking for quick and simple solutions. For example, 
the genetic architecture has not delivered common polymorphisms with large 
effect. Early  cannabis use appears to be associated with an increased risk of 
schizophrenia, but population-based cannabis reduction will probably not pre-
vent many new cases. Nevertheless,  genetics has fi nally started to shed light 
on possible disease mechanisms, whereas research related to  trauma exposure, 
 migrant and minority ethnic status, and city birth have put the somewhat ne-
glected area of  stress and socially mediated risk factors fi rmly back on the 
table for our fi eld. Although much more work remains, we do not face a terra 
incognita, upon which we are doomed to stumble. Rather, we have a map, 
albeit a very incomplete one. Given what we now know, and with the expo-
nential growth in neuroscience and steady access to new technology, there are 
good reasons to believe that the challenges we face in schizophrenia research 
are tractable.

To the junior researchers who are contemplating entering or remaining in 
this fi eld, we wish to reassure you that you should not feel intimidated by 
the uncertainties surrounding psychosis, a condition that exposes some of the 
farthest reaches of what it means to be human. Tenacity and creativity are re-
quired to add momentum to our fi eld, and we encourage you to participate in 
this important and exciting world of research.
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Human Cell Models 
for Schizophrenia

Ashley M. Wilson and Akira Sawa

Abstract

Research of mental disorders that affect mainly unique human traits or higher brain 
function will benefi t greatly from the introduction of live human tissues relevant to ac-
count for the phenotypes.  Human neuronal cell models allow for precise molecular and 
functional characterization of patient phenotypes and genetic backgrounds. Sources of 
human cell types discussed here include cellular reprogramming of patient somatic cell 
lines (either fi rst to pluripotency or directly to neuronal cells) and  biopsy of olfactory 
tissue.  Induced pluripotent stem (iPS) cells are particularly useful to study develop-
mental trajectories and functional activity in many disease-relevant cell types. In fact, 
several attempts have been made to use iPS cell-derived neurons to study schizophrenia 
and other psychiatric disease. iPS cell technology consists of very high-cost and labori-
ous experiments that may be ameliorated by a recent, more short-term cell conversion 
technique to obtain directly  induced neuronal (iN) cells from somatic cell lines. More-
over, neuronal cells from  olfactory epithelium (OE) biopsy have yielded promising 
research in that they serve as a reasonable surrogate for the brain without adding any 
genetic manipulation. These human cell models should be integrated with current clini-
cal psychiatric and functional characterizations as well as animal models to progress the 
translational and clinical applications of basic research.

Why Do We Need Human Cell Models 
for Schizophrenia Research?

Human cell models offer a promising strategy to study the biology that un-
derlies schizophrenia and can serve to complement animal and computation-
al models. We defi ne  human cell models as central nervous system (CNS)-
relevant cells that are enriched or reprogrammed or directly converted from 
biopsied tissues of patients and normal controls.
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The Gap between  Animal Models and Human Pathology/Biology

Although  rodent models are very useful in addressing some key biological 
mechanisms that are potentially related to human brain disorders, it is not clear 
whether mouse or rat neurons can faithfully replicate the pathologies of human 
brain disorders due to the substantial species differences in neurons, including 
the following:

1. The unique features of enlarged cerebral cortex in humans are formed 
through distinct developmental mechanisms to generate cortical neu-
rons, compared with those of rats and mice (Hansen et al. 2010).

2. There is evidence that even the same molecule has a differential spatio-
temporal expression pattern in neurons in humans compared to rodents. 
For example, MeCP2, a molecule responsible for  Rett syndrome, is 
known to have a differential expression pattern in human and mouse 
brains (Shahbazian et al. 2002).

3. A very recent study reports that development and structures of synaps-
es, basic physical compartments in neuron–neuron communications, 
are different due to the evolutionary changes regarding the  SRGAP2 
gene (Charrier et al. 2012).

Thus, human neurons (if they are available) would be very important to eluci-
date human-specifi c characteristics of neurons, which may not be fully covered 
by rodent models alone. Consequently, such cells may be crucial to clarify mo-
lecular mechanisms of brain disorders, especially neuropsychiatric disorders in 
which human-specifi c traits may be impaired, and to build assay systems for 
translational use.

Downfalls of Autopsied/Postmortem Brain Studies

Analysis of autopsied human brains has made important contributions to the 
fi eld. Transcriptome-profi ling experiments show widespread, yet specifi c, 
gene expression disturbance across the brain, within multiple cell types and 
biological processes. Data from these gene expression profi les are utilized in 
rodent models for the study of disease-relevant molecular cascades (Lin et al. 
2012). Information from these vast studies can be gateways to animal model 
research and extremely informative to tissue culture studies and  drug develop-
ment (Horvath et al. 2011).

 Postmortem brain studies are useful, but they have many confounding fac-
tors: lifestyle differences, age at time of death, cause of death, varying length 
of disease/age of onset, and various environmental infl uences including the 
effects of medication and substance abuse. All of these factors are especially 
prevalent among schizophrenia samples. Furthermore, we cannot gain any un-
derstanding of functionality from the postmortem brain, and there is no tight 
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link to developmental processes, which likely play a key role in the patho-
physiology of schizophrenia (Cascella et al. 2007).

Thus, human cell models may provide complementary approaches to obtain 
disease-associated molecular and cellular changes.

Utility of Human Cell Models

Recent advances in reprogramming and cell culture technologies have allowed 
us to obtain human-derived neuronal cells (Yang et al. 2011; Dolmetsch and 
Geschwind 2011). The advantages of this resource should have great implica-
tions for psychiatric disorders, such as schizophrenia, that are uniquely hu-
man. Findings from research such as the aforementioned rodent studies and 
human postmortem brain analyses can provide a foundation for studying hu-
man cellular phenotypes in vitro. Alterations in neuronal properties, such as 
arborization, synaptic density, neuronal migration, neuronal connectivity, and 
signaling, have been found in postmortem and  rodent model studies for psy-
chiatric disorders. Thus, functional changes in these biological paradigms may 
be tested by using human-derived neuronal cells. Furthermore, by employing 
unbiased assays, especially those for molecular profi ling, to human neuronal 
models, we may be able to build novel hypotheses to unravel the pathophysiol-
ogy of complex psychiatric diseases (Figure 10.1). 

The direct utility of neuronal cells from living patients is vast. Functional 
characterization and cellular properties can be integrated with unique patient 

Functional
analysis

and stress
response

Reflection
of state changes
in living patient

tissues

Drug screening

Schizophrenia
patient-derived
neuronal cells

Figure 10.1 Cell models for schizophrenia research. Live sampling of patient tissues 
provides researchers a unique opportunity to observe functional phenotypes of human 
neurons. Mechanisms of existing patient abnormalities can be effectively characterized 
and evaluated at baseline in response to external stimuli and  stress. Possible refl ection 
of state changes at the time of biopsy would be useful for longitudinal design, cellular 
response to treatment as well as identifi cation of biomarkers for diagnosis and progno-
sis. In addition, live patient tissues would be useful for  drug screening and  personalized 
medicine.
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attributes such as genes and symptoms. Using electrophysiological recordings, 
we can address cell autonomous changes as well as   functional connectivity 
among neurons. Easy availability allows for precise molecular and mechanis-
tic characterization of cell lines. Currently, we can link specifi c genetic abnor-
malities found naturally in patient samples or through genetic manipulations 
to live neuronal phenotypes. The advantages of human neuronal models are 
fully utilized when we wish to address the mechanisms of  gene–environment 
interaction, which is well understood to play a signifi cant role in the etiology of 
mental illness. Cellular response to stressors or detrimental environmental ef-
fects can be implicitly monitored in human cell models. In addition, the trans-
lational utility of animal models for bringing new drugs for mental illness to 
market has fallen short. Testing human cellular response to novel compounds 
may help to synergize efforts for effective drugs. 

Sources of Live Human CNS-Relevant Cells

In this section we describe representative methodologies for human cell mod-
els, including their advantages and limitations (see also Table 10.1). 

Table 10.1 Comparison among available human neuronal tissues:  induced pluripo-
tent stem (iPS) cell,  induced neuronal (iN) cell, and  olfactory-derived neurons have 
unique advantages and can be compared to traditional postmortem brain analysis for a 
better understanding of schizophrenia and other psychiatric diseases. Each cell system 
also has disadvantages which must be overcome.

Advantages Disadvantages 
Postmortem 
brain

• Whole brain
• All cell types present

• Many confounding factors
• Functional assay not available
• Less link to developmental 

trajectories
iPS cell and 
embryonic stem 
cell-derived 
neurons

• Live neurons
• In vitro functional study
• Examination of developmental 

trajectories
• Directed differentiation of 

cell type

• Long-term, laborious, and 
high-cost

• Heterogeniety
•  Epigenetic memory of lineage

iN cells • Live neuronal cells
• In vitro functional study
• Short-term experiments
• Potentially high-throughput

• Limited directed differentiation 
of cell type

• Low conversion rate and matu-
rity of neurons

Olfactory tissues • Live immature neuronal cells to 
homogeneity

• Homogenous cell population
• In vitro functional study
• Easy for preparation

• May not completely represent 
brain neurons

• May not be able to chase sev-
eral developmental phases
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Induced Pluripotent Stem Cells

Easily accessible patient cells, such as skin fi broblasts, can be reprogrammed 
to a pluripotent state similar to embryonic stem cells. Theoretically, these iPS 
cells allow for the production of any cell type from somatic cells. Specifi cally, 
iPS cell-derived neurons can give us resources with which to examine develop-
mental trajectories and neuronal functions, in addition to traditional molecular 
and histochemical tissue analysis.

Advancement of the Technology

First derived from mouse fi broblasts, iPS cells were induced to a pluripotent 
state by the application of four embryonic stem cell maintenance factors: 
Oct3/4, Sox2, c-Myc, and Klf4 (Takahashi and Yamanaka 2006). This was 
quickly followed by iPS cell production from human somatic cells with the 
four factors: Oct4, Sox2, NANOG, and Lin28 (Yu et al. 2007). Since these 
fi rst studies, iPS cells can be derived from multiple resources of somatic cells 
and differentiated into multiple cell types found in brain tissue (Dolmetsch and 
Geschwind 2011).

 Transduction methods have progressed since the early stages of this tech-
nology. The most common method of transduction—integration of tran-
scription factors by  viral infection—is adequate for disease modeling pur-
poses, though not for potential transplantation applications (Han et al. 2011). 
Alternative methodologies, such as those using nonintegrating vectors, excis-
able lentiviral vectors, proteins that are taken up into the cells to facilitate 
cell reprogramming, or synthetic mRNA, have since been successfully tested 
in iPS methodology (Warren et al. 2010; Kim et al. 2010; Kaji et al. 2009; 
Soldner et al. 2009; Yu et al. 2009). Also, small molecules can be used in 
addition to or in replacement of factors, but small molecule-only transduc-
tion  is not yet available (Li et al. 2009). If iPS cells are to be used to study 
reprogramming or developmental mechanisms, it is best to use the most ro-
bust reprogramming method to ensure the most effi cient transduction. This is 
usually accomplished by retrovirus or lentivirus transductions. It is desirable 
to use robust reprogramming methods when using iPS cells for disease mod-
eling and  drug screening. However, nonintegrative methods would reduce 
the amount of heterogeneity and tumorigenicity among resulting cells. Thus, 
when considering the use of iPS cells for cell therapy, nonintegration methods 
are much safer.

iPS cells are most frequently generated from fi broblasts, but have also been 
established from patient blood. Cells collected from fresh peripheral blood 
can be used to produce iPS cells effi ciently using similar methods to fi broblast 
reprogramming technology, allowing for an additional patient resource to be 
easily accessed (Loh et al. 2010; Seki et al. 2010; Staerk et al. 2010). iPS cells 
have also been produced from immortalized blood cell lines (Choi et al. 2011; 
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Rajesh et al. 2011). Although this is not yet well established, it is an important 
advancement because it is the resource most commonly stored in most genetic 
repositories. Therefore, it is very important for the fi eld of disease research to 
advance this specifi c reprogramming technique.

Differentiation into disease-relevant cell types (mainly neurons and glia) 
and subtypes depends on careful protocols that guide cells throughout devel-
opmental stages to specifi c lineages relevant to disease. Neurons are typically 
produced from iPS cells by fi rst going through a neural progenitor stage, fol-
lowed by directed differentiation to neuronal subtypes using neuronal tran-
scription factors and inhibitors of other developmental pathways. Resultant 
cell types are dependent on factors used and precise timing of culture condi-
tions (Han et al. 2011). iPS cells can be differentiated into glutamatergic, do-
paminergic, GABAergic, and motor neurons, as well as astrocytes and oligo-
dendrocytes. Careful cell type specifi cation from iPS cells to neuronal tissues 
of interest is important for the application of this technology to psychiatric 
disease. Researchers should aim to produce cell types that are directly rel-
evant to the disease of interest to best elucidate disease-relevant mechanisms 
(Hansen et al. 2011).

Disease Application

Live neuronal cells derived from humans will be particularly useful for study-
ing developmental trajectories and neuronal characteristics of cells from pa-
tients with psychiatric disease. Characterization of iPS cell-derived neurons 
from patients with psychiatric disorders in the  autism spectrum and with 
schizophrenia has been accomplished (Marchetto et al. 2010; Brennand et al. 
2011; Pasca et al. 2011). Although the sample size is extremely small, a pio-
neering study suggests that neurons from patients with schizophrenia show 
reduced neurite number, overall connectivity, and levels of glutamatergic re-
ceptors and postsynaptic density proteins (Brennand et al. 2011).

The study of patient samples with rare genetic mutations may also be a use-
ful avenue for using patient-derived neuronal cells in schizophrenia research. 
For example, neuronal cells derived from patients with  Rett syndrome, an au-
tism spectrum genetic model, showed morphological, electrophysiological, 
and early developmental defi cits when compared to controls (Marchetto et al. 
2010). Similar methods could benefi t schizophrenia research through the ap-
plication of established genetic susceptibilities.

iPS cells also allow for analysis of completely different cell types from the 
same patient. This is especially useful in the study of  systemic disorders. In 
patients with  Timothy syndrome, a rare genetic disorder caused by a mutation 
in the calcium channel Cav1.2, iPS cells have been used to show abnormalities 
in both cardiac and neuronal cells (Pasca et al. 2011; Yazawa et al. 2011). In 
relationship to this study design, increasing evidence supports the notion that 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109387/9780262314602_c001100.pdf by guest on 02 January 2024



 Human Cell Models for Schizophrenia 173

schizophrenia might be a systemic disorder, instead of a mere brain disease 
(Kirkpatrick 2009). Understanding how genetic abnormalities affect differ-
ent systems and cell types may help to unify some hypotheses and models of 
schizophrenia.

Technical Limitations

iPS cell technology may have a profound effect on the fi eld of schizophrenia 
research, but it also has substantial limitations. Production of iPS cells and 
subsequent cell types requires long-term cell culture, which means that it is 
a very laborious and high-cost technology. Furthermore, the lifetime of iPS 
cell cultures is limited, and thus the maturity of neurons produced is also 
limited. There is a balance between the capabilities of long-term cell culture 
and maturity of those cells. Improvements to the robustness of conversion 
through upcoming  transduction methods will reduce the strain on research in 
the future. Commercially available iPS cell lines may help accelerate research 
in laboratories as well.

There are also limitations within iPS methodologies. Arguably, the most 
prominent is the  heterogeneity between iPS cell clones and the developmen-
tal differences which arise from them. Conversion from somatic cell to iPS 
cell is low within a cell line, and many iPS cells will be cloned from one 
converted cell. Therefore, any differences that exist between originally con-
verted cells are amplifi ed. Careful selection of clones can limit the impact 
of this.

Epigenetic  memory of iPS cells and cells derived from them constitutes an-
other limiting factor. Although neurons derived from iPS cells show implicitly 
neuronal phenotypes, it has been shown that, when compared to embryonic 
stem cells, epigenetic structure of DNA is still related to the somatic cell type 
of origin and not fully matched to natural stem cells. These DNA methylation 
signatures can be altered to resemble more closely the signatures of true stem 
cells through the use of chromatin-modifying drugs or serial reprogramming 
and differentiation (Kim et al. 2010).

Future Perspectives for Schizophrenia Research 

The association of environmental factors in the etiology and manifestation of 
psychiatric diseases, including schizophrenia, is well established. However, 
direct links between diseases and stressors have not yet been determined. 
Therefore, at least for the immediate future, it is best to use cell lines from 
patients with a defi ned genetic background, to be certain that the observed 
cell phenotypes are directly associated with disease phenotypes. Such research 
may be expanded to  genetic models of mental illness, such as 22q11 and 16p11 
mutations.
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 Direct Cell Conversion

Infl uenced by the idea that somatic cells can be modifi ed to pluripotency, stem 
cell biologists attempted to directly induce fi broblasts to other differentiated 
cells, including neurons. In the area of neuroscience, the fi rst successful exam-
ple was to convert mouse fi broblasts to functional neuronal cells (Vierbuchen 
et al. 2010).

Advancement of the Technology

Wernig and colleagues (Vierbuchen et al. 2010) produced iN cells from embry-
onic and postnatal mouse fi broblasts through lentiviral induction of neuronal 
transcription factors. Screening of combinations of 19 neuronal and epigenetic 
reprogramming transcription factors led to the discovery of a three-factor sys-
tem for reprogramming: the combination of Ascl1, Brn2, and Myt1l. These iN 
cells express multiple neuronal markers such as βIII-Tub and MAP2, generate 
action potentials, and form functional synapses.

Conversion of human fi broblasts to  iN cells was soon accomplished by us-
ing the same three factors used in mouse experiments (Pang et al. 2011). Ascl1, 
Brn2, and Myt1l will also convert human iPS cells directly to neuronal cells; 
however, the addition of transcription factor NeuroD1 was necessary to induce 
conversion of fetal and postnatal human fi broblasts directly to neurons. In ad-
dition to immunohistochemical staining for neuronal markers, iN cells gener-
ate action potentials, and matured cells make synaptic contacts. The increased 
complexity of reprogramming from mouse to human cell lines is an example 
of the vast evolutionary changes to human biology. This further highlights the 
importance and utility of obtaining human neuronal cells.

The direct conversion of human somatic cells to neuronal cells is a great 
advancement for psychiatric disease research, but methods need to be made 
more effi cient and robust for further studies. Higher conversion rates, espe-
cially of adult cell lines, and improved maturity of iN cells will be important 
for schizophrenia studies consisting primarily of an adult population with com-
plex molecular and functional phenotypes to be studied. The fi eld has begun to 
make efforts in the right direction. For example, miRNA-mediated conversion 
of fi broblasts to iN cells improves effi ciency of human iN cell conversion (Yoo 
et al. 2011). When combined with the transcription factors NeurD1, Ascl1, 
and Myt1l, miR-9 and miR-124, which have both been shown to be important 
for neuronal differentiation and development, yield effi cient conversion of fi -
broblasts to iN cells. The addition of small molecules that regulate important 
pathways in neuronal development has also led to a robust improvement in iN 
cell conversion (Ladewig et al. 2012).

In regard to neuronal cell type, most investigators used a nondirect ap-
proach, including those described above, to produce cultures that coincidently 
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contain a majority of glutamatergic neurons, while obtaining other neuronal 
types, such as GABAergic and dopaminergic neurons, more rarely. Few groups 
have directed their conversion to a neuronal fate of interest. However, the addi-
tion of the transcription factors FoxA2 and Lmx1a to the original three-factor 
system directly yields dopaminergic (tyrosine hydroxylase-positive) iN cells 
(Pfi sterer et al. 2011). Furthermore, a minimal set of transcription factors—
Ascl1, Nurr1, and Lmx1a—is suffi cient to produce induced dopaminergic neu-
ronal cells (Caiazzo et al. 2011). Motor neuronal cells can be produced with the 
addition of eight motor neuron specifi cation factors (Son et al. 2011).

Disease Application

Widespread application of iN cell technology has not yet occurred in psychi-
atric disease research. However, Qiang et al. (2011) have observed the conver-
sion of cell lines to iN cells from patients with familial Alzheimer’s disease. 
This is an important proof of concept that adult human iN cells can demon-
strate a neuronal cell-specifi c pathology that can be characterized by histologi-
cal and electrophysiological methods.

Technical Limitations

iN cell technology is similar to iPS cell technology in its limitations: it still 
consists of laborious and high-cost experiments, despite having the advantage 
of being a short-term cell culture. Effi ciency of conversion is often low, and 
maturity of neuronal cells is often limited. In addition, there is a large gap in 
conversion rate of samples from fetal or newborn patients and adult patients. 
Thus, the fi eld will need to greatly advance the technology of adult patient 
cell lines before schizophrenia research can be done well in iN cells. More 
effi cient experiments will eventually relieve this burden from laboratories and 
make analysis of cultures more informative. Furthermore,  epigenetic memory 
and partial conversion of cells is even more apparent than in  iPS cells. In 
fact, partially converted iN cells can seem to take on an uncharacteristic mor-
phology, yet be positive for neuronal markers like MAP2 (Yang et al. 2011). 
Researchers may be able to look to improvements in iPS cell technology for 
help with this. In one iN study, Ladewig et al. (2012) used small molecule 
inhibitors common to iPS cell neuronal induction for more effi cient direct 
conversion to neuronal cells. iN cell technology is also limited in its abil-
ity to reach cell type-specifi c conversion at high effi ciency. For example, in 
addressing the pathophysiology of schizophrenia, a subclass of GABAergic 
neurons is needed in parallel to glutamatergic neurons. This may be overcome 
by referring to novel methodologies that are developed in cell type-specifi c 
differentiation of iPS cells.
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Future Perspectives for Schizophrenia Research

Cell type-specifi c conversion will help potential application of iN cells to 
schizophrenia research. In addition, possible conversion to glial cells, such as 
astrocytes, microglia, and oligodendrocytes, may also be important for psychi-
atric disease research and may help to recapitulate schizophrenia as a whole 
brain disorder. Generation of induced microglia, for example, could benefi t a 
neuroimmune hypothesis of schizophrenia. Furthermore, recent generation of 
induced neural stem cells from mouse and human fi broblasts could allow for 
the straightforward study of human neuronal development in vitro, omitting 
the need to begin with a pluripotent state (Ring et al. 2012).

Nasal Biopsy and Olfactory Cells

For over two decades, olfactory neurons via nasal biopsy have been expect-
ed as a possible surrogate tissue to study the brain (Trojanowski et al. 1991; 
Talamo et al. 1989). Due to technical barriers, as described below, this tech-
nique has not been widely utilized. Paradoxically, after the limitations of iPS 
and iN cell technologies became known, the signifi cance of nasal biopsy and 
olfactory cells has been revisited and underscored.

Advancement of the Technology

The olfactory epithelium (OE) is an easily accessible, direct resource of pa-
tient-derived neuronal cells that can be obtained through a simple and relative-
ly noninvasive procedure (Cascella et al. 2007). Early characterizations of OE 
showed that it is composed of several cell types: structural/supportive cells, 
neuronal cells which express distinct neuronal markers (e.g., neural cell adhe-
sion molecules and microtubule associated proteins), and basal stem cells that 
are supposed to give rise to new olfactory neurons (Trojanowski et al. 1991). 
Thus, immunohistochemical study of OE tissue sections has been used to ex-
amine neurodevelopmental processes and disease-relevant molecular changes 
occurring within the OE tissue of patients and controls (Arnold et al. 2001, 
2010). Investigators have also tried to develop methodologies of culturing as 
well as of differentiating and distinguishing neurons from OE-biopsied tissues.

Following initial studies, improved biopsy methods have increased the 
amount of neural tissue that can be obtained from one  OE biopsy. Introduction 
of endoscopic sampling from patients have improved the effi ciency and quality 
of samples that had originally been obtained “blindly.” Furthermore, biopsy 
from the dorsoposterior regions of the nasal septum has been shown to increase 
the probability of obtaining neuronal cells from the tissue (Feron et al. 1998).

Improvements to culture conditions of the biopsy have set the stage for new 
experiments with  human olfactory neurons (Feron et al. 1998). Methodology 
to culture OE slices has been used to examine in vitro cell death, mitosis, 
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neuronal density, and response to a neurotransmitter in both healthy controls 
and individuals with mental illness (Feron et al. 1999). In addition, OE slice 
cultures have been used to investigate cell cycle alterations in culture and ex-
pression profi les by microarray (McCurdy et al. 2006).

In parallel, efforts to use dissociated OE cell culture for further character-
ization of the neuronal cells have been made by several groups. Functional 
activity of olfactory receptor neurons obtained by dissociation of OE tissue 
has been addressed by measuring intracellular calcium in response to odor-
ants (Rawson et al. 1997; Restrepo et al. 1993). This method was applied to 
evaluate possible differences in cells from patients with  bipolar disorder and 
controls (Hahn et al. 2005). A more recent study reported that cultures of dis-
sociated OE cells can include neuronal cells that are mature enough to ex-
press odorant and neurotransmitter receptors and active signaling mechanisms 
(Borgmann-Winter et al. 2009).

Cultures from OE tissues can produce neurospheres (i.e., clusters of cells 
consisting of multipotent progenitors), which in turn generate cells expressing 
neuronal markers (such as MAP2) and some glial markers (Roisen et al. 2001). 
Cyclic-AMP, retinoic acid, forskolin, sonic hedgehog, and other media nutri-
ents have improved the neural differentiation and maturation of neuronal cells 
from neurospheres (Zhang et al. 2004, 2006; Roisen et al. 2001). Interestingly, 
retinoic acid, forskolin, and sonic hedgehog can elicit motor and dopaminergic 
characteristics of the neuronal cells, suggesting that olfactory neuronal cells 
in vitro are sensitive to cell fate directions without direct genetic manipulation 
(Zhang et al. 2006). Isolated cultures of neurospheres produce more numbers 
of new neurospheres and continue to proliferate over time, and the progenitors 
from them are restricted to neuronal and glial cell fates (Othman et al. 2005). 
Progenitor cells obtained from OE neurospheres have characteristics consis-
tent with other stem cells, such as retained telomerase activity and stability of 
apoptotic activity in culture over time (Marshall et al. 2005a). Neurosphere-
derived cells have been used to study gene and protein expression as well as 
neuronal cell functional activity (Matigian et al. 2010; Fan et al. 2012).

Methods to purify a unique cell population to near homogeniety from biop-
sied tissues have recently been explored. By using laser capture microdissec-
tion, it is possible to purify neuronal layers in which an olfactory neuron recep-
tor marker OMP can be enriched up to thirtyfold more than whole OE tissue 
(Tajinda et al. 2010). In addition, a protocol that can enrich immature neuronal 
cells to near homogeneity has also been established (Kano et al. 2012).

Disease Application 

 Olfactory neuronal cells provide a good surrogate system to study brain dis-
orders, including mental illness. Initially, OE-derived resources, such as 
cells, were used in research in  Parkinson’s disease and  Alzheimer’s disease. 
Alzheimer’s disease is known to accompany odor detection defi cits, which 
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provided justifi cation to study OE. In fact, one of the earliest studies with OE 
found unique pathological changes in the tissue from patients with  Alzheimer’s 
disease (Talamo et al. 1989). More recent studies have found that the altered 
phenotypes found in the OE tissue from patients with Alzheimer’s disease cor-
relate with the whole brain pathology that is characteristic of the disease, in-
cluding amyloid-β accumulation (Arnold et al. 2010). Olfactory dysfunction 
is also a robust symptom of  Parkinson’s disease (Doty 2012). Moreover, cells 
from OE neurospheres from patients with Parkinson’s disease show dysregu-
lated gene expression of mitochondrial function,  oxidative  stress, and xenobi-
otic metabolism pathways (Matigian et al. 2010), which have previously been 
linked to Parkinson’s disease pathology (Henchcliffe and Beal 2008). 

OE tissues could be particularly useful for psychiatric disease research. The 
psychological processes of  motivation,  emotion, and fear are closely associ-
ated with olfaction as well as the negative symptoms of schizophrenia (Zald 
and Pardo 1997; Andreasen 1982). Indeed, olfactory defi cits have been repro-
ducibly associated with schizophrenia, especially negative symptoms of the 
disease (Turetsky et al. 2009). A question that arises is whether the olfactory 
phenotype is due to molecular alteration in OE cells/neurons, or due to a more 
complicated mechanism, including upstream olfactory circuitry, or both (Sawa 
and Cascella 2009). A recent study reported that individuals with schizophre-
nia and their fi rst-degree relatives have different odor detection thresholds for 
two odorants that differentially activate intracellular cAMP-mediated signal-
ing, indicating that molecular defi cits in OE cells/neurons are likely to be, 
at least in part, associated with the disease pathophysiology (Turetsky and 
Moberg 2009).

 OE biopsies have been used by several groups to study in vitro alterations 
in cells from patients with schizophrenia and other psychiatric disorders. 
Neuronal cells from the OE tissue show differences in cell adhesion, prolifera-
tion, and death in schizophrenia compared to controls (Feron et al. 1999). OE 
tissues from patients with schizophrenia show reduced density of p75NGFR 
positive basal cells and increased density in GAP43 positive immature olfac-
tory neurons, as well as increased ratios of immature olfactory neurons or 
olfactory marker protein positive mature neurons to basal cells, indicating 
altered development and differentiation within patient tissues (Arnold et al. 
2001). In dissociated OE tissue cultures, decreased calcium signaling was ob-
served in cells from patients with  bipolar disorder when compared to controls 
(Hahn et al. 2005). In addition, cell cycle alterations have been found in OE 
neurosphere-derived cells from patients with schizophrenia and bipolar disor-
der (McCurdy et al. 2006). Cells showed increased mitosis and expression of 
cell cycle proteins in patients with schizophrenia, and increased cell death and 
phosphatidylinositol signaling pathway proteins in those with bipolar disor-
der. Proliferation rate was also shown to be increased in neurosphere-derived 
cells from patients with schizophrenia (Fan et al. 2012). Finally, gene and pro-
tein expression profi ling of OE neurosphere-derived cells from patients with 
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schizophrenia show dysregulated neurodevelopmental pathways (Matigian et 
al. 2010). In addition to the cellular phenotypes described above, epigenetic 
profi les of immature olfactory neuronal cells have revealed alterations in  oxi-
dative  stress response pathways in schizophrenia compared to controls (Kano 
et al. 2012).

In conjunction with the practicality of OE-derived cells for disease research, 
OE tissues and cells may also be benefi cial for development of therapeutics. 
The OE itself is a useful area for drug delivery to the brain as it is one of the 
few areas of the CNS that is readily accessible (Kandel et al. 2000). Therefore, 
drug development using OE cell culture would provide a direct way to assess 
the effect of a drug on neural tissue. Consequently, OE-biopsied tissue has 
previously been used as a tool to evaluate the pharmacological effects of a 
CNS-acting therapeutics and has revealed biological activity of the astrocyte-
targeted drug, thiamphenicol (Sattler et al. 2011).

Technical Limitations

 OE tissue can be used to study human neuronal mechanisms and disease char-
acteristics, but it has some drawbacks. First, nobody has fully validated OE-
derived cells as CNS neurons that are physiologically relevant at the cell au-
tonomous level or in the context of  synaptic connectivity. Second, although 
OE-derived cells represent a diverse array of molecular signaling pathways 
relevant to studying brain diseases like schizophrenia, unbiased and extensive 
studies of whether and how these cells resemble CNS neurons have not yet 
been conducted.

Future Perspectives for Schizophrenia Research 

Given that OE-derived cells are higher throughput, less laborious, less time-
consuming, and much less expensive resources when compared to iPS cell-
based models, the utility of OE needs be enhanced. To achieve this goal, the 
resolution of the technical limitations described as above becomes very impor-
tant. Establishment of further protocols to prepare/enrich homogeneous cell 
populations, hopefully to fully mature neurons with relevant synaptic forma-
tion, is expected. As olfactory defi cits are a key phenotype of schizophrenia, 
especially its negative symptoms, it is very important to study how cellular and 
molecular changes in OE-derived cells can represent these higher functions.

Link to  Animal Models

Gene expression profi ling studies of human cells and tissues from patients 
with schizophrenia and other mental illnesses can provide clues of disease-
relevant molecular changes (Lin et al. 2012). However, a major limitation in 
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such human studies is that the information cannot encompass neural circuit-
ry-mediated disease pathology. To compensate for this limitation, human cell 
study should be linked to research with  animal models for the following rea-
sons: First, molecular information obtained from human cell research can be 
utilized to generate new genetically engineered models, which may be useful 
in studying the biology that underlies the disease pathology. Second, it will 
be informative to examine currently available animal models for molecular 
changes observed in patient cells.

The use of rodent models for schizophrenia research is discussed by 
O’Donnell (this volume). In addition to  rodent  models, nonhuman animal mod-
els remain an important tool for neuroscience research. With their extremely 
well-established nervous systems, small animals (e.g., fl y, nematode, zebrafi sh) 
provide a well-defi ned substrate for correlates between molecular and cellular 
processes and behavior (Burne et al. 2011). For example, Drosophila (fruit fl y) 
is very commonly used in genetic manipulation studies and can provide rela-
tively high-throughput gene–behavior relationship data for neuroscience stud-
ies. For  DISC1, transgenic fl ies have been linked to effects on behavior and 
pathways for gene transcription (Sawamura et al. 2008). The nervous system of 
Caenorhabditis elegans (nematode) is completely defi ned down to the cellular 
level, including its nervous system (White et al. 1986). Although very simple, 
its nervous system contains neurons that act very similarly to mammalian cells 
and interact via common neurotransmitters such as  glutamate,  GABA, and oth-
ers (Burne et al. 2011). Mechanistic understanding of molecular pathways that 
are important for psychiatric disease research, such as for DISC1, can be easily 
observed in the animal (Brandon and Sawa 2011). Furthermore, investigators 
have paid attention to zebrafi sh: due to their transparent bodies, brains in these 
small animals can be observed in intact, behaving animals. In addition, genetic 
and molecular manipulations of the zebrafi sh nervous system can be manipu-
lated in the same way as invertebrates, but their nervous system structure and 
function is much closer to the mammal. Deletion or duplication of the 16p11.2 
chromosomal region in humans has neurocognitive effects, which can produce 
effects of macro- and microencephaly when the human transcript is inserted 
into the zebrafi sh genome (Golzio et al. 2012).

Beyond Human Cell Biology: How Can  Human Cell 
Technology Be Used in a More Translational Sense?

As human cell engineering technologies, such as  iPS cells,  iN cells, and  ol-
factory cells, continue to advance, the molecular signatures associated with 
schizophrenia should be able to be clarifi ed. Nonetheless,  human brain imag-
ing is crucial to address the important question of how such molecular changes 
at the cellular level affect the brain function and molecular disposition of the 
same individual from whom those cells were obtained. 
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To address brain region-specifi c molecular changes,  positron emission 
tomography and magnetic resonance spectroscopy are useful modalities. 
Correlation of molecular and cellular changes in  iPS,  iN, and  olfactory cells 
with clinical, neuropsychological, and electrophysiological measures will pro-
vide us with important information for translational use. A multifaceted study 
design (see Figure 10.2) involving human cell models represents a promising 
major approach for schizophrenia research and should be actively pursued. 
Furthermore, human cell models should be utilized for mechanism-oriented 
compound screening. 
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Figure 10.2 Multifaceted study design including cell models. Human cell models of 
psychiatric disease can be easily integrated with other techniques for better translational 
research and clinical applications. Aspects of clinical physiology and psychological 
assessment can be intricately examined at the molecular and cellular levels to clearly 
identify biological signatures of disease. These cell models can in turn infl uence and 
be assimilated with current and future animal models for further understanding of the 
neurocircuitry and behaviors which those biomarkers represent.

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109387/9780262314602_c001100.pdf by guest on 02 January 2024



Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109387/9780262314602_c001100.pdf by guest on 02 January 2024



List of Contributors
Robert A. Bittner Department of Psychiatry, Psychosomatic Medicine and 

Psychotherapy, Goethe University, 60528 Frankfurt am Main, Germany
Robert W. Buchanan Maryland Psychiatric Research Center, Baltimore, 

MD 21228, U.S.A.
Kristin S. Cadenhead Department of Psychiatry, University of California, 

San Diego, La Jolla, CA 92014, U.S.A.
William T. Carpenter Jr. University of Maryland School of Medicine, 

Maryland Psychiatric Research Center, Baltimore, MD 21228, U.S.A.
Aiden Corvin Department of Psychiatry, Trinity Centre for Health 

Sciences, St. James’s Hospital, Dublin 8, Ireland
Camilo de la Fuente-Sandoval Laboratory of Experimental Psychiatry 

and Neuropsychiatry Department, Instituto Nacional de Neurología y 
Neurocirugía, Mexico City, 14269, Mexico

Daniel Durstewitz Bernstein Center for Computational Neuroscience, 
Psychiatry, Central Institute of Mental Health, Medical Faculty Mannheim 
of Heidelberg University, Germany

André A. Fenton Center of Neural Science, New York University, New 
York, NY 10003, U.S.A.

Jay A. Gingrich New York State Psychiatric Institute, Columbia 
University, New York, NY 10032, U.S.A.

Joshua A. Gordon New York State Psychiatric Institute, Columbia 
University, New York, NY 10032, U.S.A.

Chloe Gott Brain Dynamics Centre, Acacia House, The University of 
Sydney, NSW 2145, Australia

Peter B. Jones Department of Psychiatry, University of Cambridge, 
Herchel Smith Building for Brain and Mind Sciences, Cambridge CB2 
0SX, U.K.

René S. Kahn Department of Psychiatry, University of Utrecht, CX 
Utrecht, The Netherlands

Richard Keefe Psychiatry and Behavioral Sciences, Duke University 
Medical Center, Durham, NC 27710, U.S.A.

Wolfgang Kelsch Emmy Noether Group, University Heidelberg, 69120 
Heidelberg, Germany

James L. Kennedy Centre for Addiction and Mental Health, University of 
Toronto, Toronto, ON M5T 1R8, Canada

Matcheri S. Keshavan Beth Israel Deaconess Medical Center, Harvard 
Medical School, Boston, MA 02215, U.S.A.

Angus W. MacDonald III Department of Psychology, University of 
Minnesota, Minneapolis, MN 55455, U.S.A.

MIT Press Direct

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109387/9780262314602_c001100.pdf by guest on 02 January 2024



This is a section of
doi:10.7551/mitpress/9780262019620.001.0001

Schizophrenia
Evolution and Synthesis

Edited by: Steven M. Silverstein, Bita Moghaddam,
Til Wykes

Citation:
Schizophrenia: Evolution and Synthesis
Edited by:
DOI:
ISBN (electronic):
Publisher:
Published:

Steven M. Silverstein, Bita Moghaddam, Til Wykes

The MIT Press
2013

10.7551/mitpress/9780262019620.001.0001
9780262314602

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109391/9780262314602_c001200.pdf by guest on 02 January 2024

https://doi.org/10.7551/mitpress/9780262019620.001.0001


11

How Can Animal Models 
Be Better Utilized?

Patricio O’Donnell

Abstract

Although  animal models of schizophrenia have been around for some time and new 
ones are proposed regularly, their usefulness is still questioned. Many current concepts 
on schizophrenia pathophysiology have been driven by animal research, yet when these 
concepts were translated into novel therapeutics, the results have been less than prom-
ising. This chapter reviews many of these models and new concepts, and argues that 
the problem has been that animal models were not used enough in preparation to clini-
cal trials. Furthermore, a great deal of animal work has been directed to establishing 
their  validity—a misguided and far from useful effort. Validity concepts are outdated 
and not adequate for research relevant to a disorder for which its etiology and patho-
physiology are unknown. Models need to be appreciated based on their usefulness: 
for a disease without a clear pathophysiology, animal models are essential tools to test 
specifi c hypotheses about neurobiological and behavioral outcomes of manipulations 
that produce pathophysiological conditions. Novel targets should only be translated 
into clinical efforts after comprehensive work in animal models has been conducted to 
allow establishing mechanisms of action, biomarkers to identify optimal populations to 
be targeted, and even whether those targets are better thought of as adjuvants or sole 
treatments. Recognizing what animal models can and cannot achieve will go a long way 
in benefi ting schizophrenia research.

Introduction

Modeling complex psychiatric disorders such as schizophrenia in animals is 
certainly a challenge. In fact, it could be argued that reproducing this uniquely 
human disease in animals, and particularly in rodents, is an almost impos-
sible task. However, many different animal models have been proposed and 
studied over the past few decades. With the advent of  genetic models, this 
fi eld has grown further and new models are proposed almost every month. 
Schizophrenia research has gained important insight from animal work, and 
many pathophysiological scenarios previously proposed for this disorder have 
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either been reinforced or dismissed based on animal model studies. For ex-
ample, the early emphasis on the  dopamine hypothesis gave way to the cur-
rent focus on  excitation-inhibition balance, glutamate receptors, and  GABA 
interneurons in cortical circuits. Novel pharmacological approaches have been 
sought based on animal model work. Unfortunately, these new treatments have 
failed to provide conclusive results, and some of them are now on the verge of 
being dismissed. Did we miss the mark? Are animal models misinforming the 
fi eld, and are we on a wild goose chase? Or is it still too early to jump from 
animal work to novel therapeutics? Here I will argue that  animal models will 
be extremely important in driving the fi eld forward, but we need to drastically 
change the manner used to conceptualize them.

Can We Truly Model Schizophrenia in a Rodent?

Perhaps the primary problem with the current use of animal models in schizo-
phrenia research is that we took the concept of modeling disease from the 
neurology realm. In that fi eld, models are used for their ability to reproduce 
the disease in animals. For example,  Parkinson’s disease has several powerful 
animal models (e.g., 6-hydroxy dopamine in rats, MPTP in mice and monkeys) 
that reproduce the critical pathophysiology: loss of dopamine cells. These 
models have contributed to a better understanding of the timing of dopamine 
loss and its consequences, the role of  oxidative  stress, and other cellular dam-
aging processes, etc. In  Huntington’s disease, several different mouse and rat 
transgenic models with poly CAG repeats in the huntingtin gene reproduce a 
genetic change strongly associated with disease etiology. In both cases, animal 
models were designed with the goal of very closely reproducing the disease. 
In these and other areas of medicine, three litmus tests of validity for  animal 
models were developed:

1.  face  validity, or the ability to reproduce manifestations of the disorder;
2.  construct  validity, or the fi delity in reproducing disease etiology or 

pathophysiology; and
3.  predictive  validity, or the ability to show benefi cial effects of drugs 

that work in the human condition.

While these validity criteria have been the boon of neurology research, they 
are the bane of psychiatric research. If we as a fi eld believe we can reproduce 
schizophrenia in a  rodent, we are deluded (pun absolutely intended). How can 
we talk about construct validity for a disease for which we do not know the eti-
ology and have little clues about pathophysiology? Most confusing, why do we 
emphasize predictive validity when we try to assess aspects of the disease that 
are not treated well by current medications? We have obtained droves of in-
formation with the existing proposed models, and novel models are constantly 
being added to address genetic, environmental, and developmental factors. It is 
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due time to leave behind the neurology legacy and think about  animal models 
in the frame of psychiatric disorders that need work to elucidate their neurobio-
logical mechanisms. Specifi cally, we can use  animal models as reagents to test 
defi ned hypotheses about  risk factors or possible pathophysiological scenarios. 
We can use them to assess what kind of biological processes can be related 
to the deleterious impact of certain gene variations, environmental insults, or 
developmental anomalies with the goal of gaining a better understanding of 
clinically relevant  biomarkers. We can test the neurobiological underpinnings 
of  endophenotypes observed in patients (imaging, neurophysiology, and even 
postmortem) with manipulations that generate specifi c cellular, synaptic, or 
circuit alterations in animals and assess whether they yield similar imaging, 
physiological, or behavioral alterations. All these efforts will be most produc-
tive, however, if we do not kid ourselves into thinking that the models repro-
duce a disease as complex as schizophrenia. Thus, if we move beyond the 
limiting concept of validity, we can use animals to test hypotheses effi ciently 
in a manner that can help us accept or reject ideas about schizophrenia etiology 
and pathophysiology, which can then be advanced to human studies.

Despite heated arguments about their validity, many different animal mod-
els have indeed provided important insight on possible mechanisms that may 
contribute to the disease. Several models have been proposed to address envi-
ronmental, developmental, and genetic factors, as well as the role of specifi c 
transmitter systems and brain regions. Experimentalists have been conduct-
ing research that provided useful information all along while conceptualizing 
their research in a house of cards framework of validity. There is no perfect 
model, and if we are able to escape the  validity trap, we can learn something 
from practically every model proposed. Below I will review some of these 
models, addressing their usefulness and ability to test schizophrenia-related 
hypotheses. 

 Pharmacological Models

Noncompeting NMDA receptor antagonists have been extensively used, and 
they have provided critical information that led to the formulation of a currently 
popular hypothesis on schizophrenia pathophysiology:  cortical disinhibition. 
Agents such as  phencyclidine (PCP),  ketamine, or MK-801 have been used in 
several species, including humans, to study mechanisms associated with the 
psychotomimetic effect of PCP that was initially reported in the 1950s (Luby 
et al. 1959). Although there has been an argument regarding whether acute or 
chronic  NMDA blockade is the more “valid” model, studies with either single 
dose or repeated treatment have provided data indicating that NMDA blockade 
results in enhanced glutamate levels in the cortex (Moghaddam et al. 1997), 
increased pyramidal cell fi ring, and decreased interneuron fi ring (Homayoun 
and Moghaddam 2007). As imaging data have been reinterpreted in the 2000s 
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to qualify the old “hypofrontality” functional concept as the result of a higher 
level of baseline activity and reduced capacity in prefrontal networks (Callicott 
et al. 2000), the notion that a psychotomimetic agent such as NMDA antago-
nist would cause disinhibition seemed to fi t well. Therefore, the view that cor-
tical disinhibition may be responsible for cognitive defi cits in schizophrenia 
was driven by animal model work. This is an example of fruitful use of an 
animal model; of course, now we need to move beyond the initial observa-
tions and pose specifi c hypotheses addressing mechanisms that could result in 
such a disinhibited state. For example, open questions include whether NMDA 
receptors in cortical inhibitory interneurons are primarily targeted by NMDA 
antagonist, causing increase pyramidal cell fi ring, whether the  excitation-in-
hibition imbalance is the result of a larger network effect instead of selective 
effects on inhibitory interneurons, and whether cortical disinhibition can be 
causal to cognitive or other behavioral defi cits. All these are testable hypoth-
eses. Only with a better understanding of cellular and synaptic mechanisms 
yielding a disinhibited cortex will we be able to design better therapeutic tools. 
In addition, the NMDA antagonist fi ndings have been frequently interpreted as 
indicating there is something wrong with NMDA receptors in schizophrenia. 
However, obtaining schizophrenia-related outcomes with a pharmacological 
blockade of NMDA receptors does not necessarily mean that NMDA receptors 
are impaired in the disease; reducing function in the receptor population tar-
geted by these antagonists may have a downstream effect that could reproduce 
schizophrenia pathophysiology without requiring abnormal  NMDA receptors 
in the disease. NMDA antagonist models have been extremely useful, regard-
less of their validity, and the data obtained with them have driven the fi eld to 
establish new hypotheses. An example of the leads that NMDA antagonists 
have opened is the role of  immune activation and  oxidative  stress in vulner-
able neuronal populations, as parvalbumin (PV) interneurons are altered by 
NMDA antagonists in a manner that requires  interleukin-6 and oxidative stress 
(Behrens et al. 2008). The fi eld is now ripe to challenge those hypotheses with 
further experiments and, in doing so, we may gain insight about neurobiologi-
cal processes that could play a role in schizophrenia. 

 Developmental Models 

Although NMDA antagonists have provided support for several current con-
cepts regarding the pathophysiology of schizophrenia, these models lack a 
developmental component. It is now commonly accepted that schizophrenia 
is a developmental disorder in which a combination of predisposing gene vari-
ations and environmental factors may alter neural circuits with a protracted 
developmental trajectory (Waddington 1993; Pantelis et al. 2005). Although 
there are cognitive defi cits prior to diagnosis, full-fl edge symptoms do not ap-
pear until  late  adolescence. This could be due to either delayed deleterious 
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effect of a persistent condition that eventually produces enough changes to 
alter behavior, or alterations put into evidence late in development by the pro-
tracted maturation of cortical circuits. Animal models, again irrespective of 
how well they fi t validity criteria, can be used to test these possibilities. Several 
models are being used in which a perinatal manipulation is introduced so that 
behavioral, neurochemical, anatomical, and electrophysiological anomalies 
emerge during adolescence. The two most extensively used models are the 
antimitotic  methylazoxymethanol acetate (MAM) during gestational day 17 in 
rats and the  neonatal ventral hippocampal lesion (NVHL). 

The NVHL model and its variations (intrahippocampal injection of tetrodo-
toxin, TTX, or lipopolysaccharide) is widely used and, with near 150 publica-
tions over the past several years, it is probably the most extensively explored 
(Tseng et al. 2009; O’Donnell 2012). This model was developed in the early 
1990s to test the hypothesis that an altered early postnatal developmental tra-
jectory in a brain region linked to schizophrenia (the  hippocampus) results in 
behavioral anomalies with a delayed onset (Lipska et al. 1992). This is an-
other example of a useful model that provided data beyond simple validation, 
yielded important information about prefrontal cortical synaptic processes, and 
added a developmental perspective to the disinhibition hypothesis. At the time 
the model was generated, the notion that schizophrenia is a developmental dis-
order had been proposed, but the only evidence available was from  postmor-
tem studies which showed altered cytoarchitecture (Kovelman and Scheibel 
1984). As those human fi ndings could not be replicated, the neurodevelop-
mental hypothesis of schizophrenia required testing to affi rm its plausibility. 
Lipska and Weinberger decided to explore the impact of neonatal lesions of 
the ventral hippocampus and other brain regions on adult behavior as a way 
to assess whether early alterations could result in defi cit with an adult or ado-
lescent onset. The ventral hippocampus in rats was chosen because this region 
corresponds to the anterior hippocampus in primates, and the early postnatal 
period was selected for the lesion because it corresponds to the third trimester 
of pregnancy in terms of brain development. A narrow window was identifi ed 
in which a lesion would yield adult rats with several behavioral anomalies: 
postnatal day (PD) 6–8. Adult rats with a NVHL show hyperlocomotion, exag-
gerated response to stress and stimulants,  prepulse inhibition defi cits, loss of 
 social interactions, and a variety of cognitive defi cits including poor working 
memory, set-shifting defi cits, and reversal-learning defi cits, and most of these 
defi cits are only fully observed in adult, not preadolescent, animals (Swerdlow 
et al. 2001; Brady et al. 2010; McDannald et al. 2011). Furthermore, there 
have been reports of altered prefrontal cortical circuit physiology, also with 
adolescent onset. In particular, prefrontal cortical fast-spiking PV-positive in-
terneurons fail to acquire the periadolescent changes in modulation by  dopa-
mine (Tseng et al. 2008), rendering adult prefrontal circuits in a state of disin-
hibition. Indeed, cortical disinhibition can be evidenced in excessive fi ring of 
pyramidal neurons during epochs in a choice task that correspond to decision 
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making and high levels of dopamine cell fi ring, as well as in the loss of beta 
oscillations during those epochs (Gruber et al. 2010). This is a remarkable 
convergence with what was previously identifi ed with NMDA antagonists, but 
is now a consequence of an early developmental manipulation. Again, this is 
another example of a good use of a model, with a manipulation designed not 
to produce a disease state but to test a specifi c hypothesis about pathophysi-
ological processes. In recent years, a great deal of effort was placed on as-
sessing cognitive phenomena in the NVHL model, with the goal of determin-
ing whether cognitive constructs altered in schizophrenia show defi cits in the 
model as well and, if so, whether novel therapeutic ideas could be benefi cial 
in these animals as a way to test these new approaches in a diseased brain. 
Thus, a model that has been frequently sidelined (despite being extensively 
studied) because of the perceived lack of  validity due to the “lesion” aspect has 
been extremely useful in demonstrating that early developmental perturbations 
can indeed yield late onset behavioral defi cits; it has also reproduced  cogni-
tive defi cits that can be linked to phenomena observed in schizophrenia. This 
model has serious shortcomings in terms of validity (a lesion is not normally 
part of schizophrenia), but it has nonetheless been extremely useful. Indeed, 
the model should not be interpreted as reproducing hippocampal pathology 
in the disease; its consequences are most likely due to the impact of altering 
hippocampal function infl uence on the development of downstream structures 
such as the  prefrontal cortex (PFC). The NVHL model has provided important 
information on cellular and systems elements that contribute to adult cognitive 
defi cits and is providing interesting data on the potential role of  immune acti-
vation and  oxidative  stress in interneuron defi cits (O’Donnell et al. 2011). This 
model may be useful in addressing such open questions as whether cortical 
fast-spiking interneurons are an early factor that, when affected, drives altered 
 excitation-inhibition balance; whether cellular processes (including, but not 
limited to immune activation and/or oxidative stress) are responsible for the 
behavioral defi cits; and whether other interneuron types may be affected and 
give rise to the defi cits. Currently the NVHL model is also used to screen for 
effi cacy of novel compounds targeted to improve cognition in schizophrenia. 
Thus, in spite of validity shortcomings, this and other models have been useful 
for testing hypotheses and gaining insight.

Another valuable developmental model is the administration of the anti-
mitotic MAM at gestational day 17 in rats. For decades, the administration of 
MAM at early gestational dates was used to study cortical development; in the 
2000s, a slightly later date of administration proved to cause delayed onset of 
behavioral defi cits similar to those observed with the NVHL model (Flagstad 
et al. 2004). The impetus for the MAM model was to test whether a develop-
mental manipulation that did not entail an explicit lesion could produce the 
emergence of schizophrenia-related anomalies in  adolescence and  early adult-
hood. Although it could be argued that by avoiding a lesion, a “shotgun” ap-
proach of impaired microtubule function in the entire brain was introduced, 
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data indicate that the defi cits seem prominent in the  hippocampus and PFC 
regions, suggesting a degree of selectivity on the impact of the MAM treatment 
(Moore et al. 2006). As in the NVHL model, here we have a developmental 
manipulation designed to test the impact of early defi cits on adult behaviors. 
Adult offspring of MAM-treated dams exhibit hyperlocomotion, enhanced 
reactivity to stress,  prepulse inhibition defi cits, loss of PV immunostaining, 
loss of high-frequency oscillations, and  cognitive defi cits (Flagstad et al. 2004; 
Gourevitch et al. 2004; Moore et al. 2006; Penschuck et al. 2006; Lodge et al. 
2009). This model is also extremely useful in providing the opportunity to link 
early developmental defi cits with adult dysfunction in dopamine systems. The 
ventral hippocampus is critical in driving the activity of subcortical  dopamine 
projections, and the altered VH function induced in adult rats by the gestational 
MAM treatment results in excessive activity in subcortical dopamine systems 
(Gill et al. 2011). This model is also used for  drug screening, and it is another 
example of clever experimental design to address the possible contribution of 
biological processes to altered functions that may be relevant to schizophrenia. 
Although the MAM model has  validity issues, it has proven extremely use-
ful in testing specifi c hypotheses and has provided insight regarding possible 
pathophysiological processes and their behavioral consequences. 

 Environmental Models

Several models have been developed to test the possible impact of environ-
mental factors hypothesized to play a role in schizophrenia. Epidemiological 
data indicate a strong association between schizophrenia and  maternal or peri-
natal infection or parasitic disease. It has been hypothesized then that  immune 
activation during early development may yield altered brain circuitry that 
could be relevant to schizophrenia (Brown 2006). Several animal models were 
designed to test this hypothesis, including gestational administration of the vi-
ral particle poly I:C or the bacterial endotoxin lipopolysaccharide (LPS). Adult 
offspring of treated dams express a variety of behavioral defi cits such as re-
duced prepulse inhibition, altered latent inhibition, and several other indicators 
of cognitive function (Zuckerman et al. 2003; Meyer et al. 2006). Furthermore, 
recent work with these models reveals loss of PV immunostaining in prefrontal 
cortical regions (Meyer et al., unpublished data), providing a remarkable con-
vergence in key pathophysiological observations with several other models. 
Immune activation has strong epidemiological support, and testing its impact 
in animals may reproduce a causal or predisposing factor (Meyer and Feldon 
2012). However, beyond the real or perceived validity of these models, their 
usefulness resides in their ability to test specifi c hypothesis about the neurobio-
logical impact of a factor with strong contribution to the disease. Unveiling the 
cellular and systems neuroscience aspects these manipulations produce will 
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certainly advance our understanding of the neurobiological processes likely to 
be affected in schizophrenia.

Other  environmental factors proposed to play a role in the disease have also 
been modeled in animals, including  vitamin D defi ciency, pre- or postnatal 
stress,  gestational hypoxia. Although less studied, these models are no less 
important. If we accept that we do not need to validate models in terms of 
disease reproducibility and that models are useful tools to test specifi c ques-
tions about consequences of possible pathophysiological scenarios, then all 
environmental-based models have an important role to play. 

Genetic Models

Perhaps the group of animal models that has grown most rapidly is the clus-
ter of  genetic manipulations possibly associated with schizophrenia. Although 
schizophrenia is a disorder with a clear genetic predisposition, the role of genes 
is complex. Although the common view involves interactions among multiple 
gene variants, each contributing a very small risk, and environmental factors, 
recent work has identifi ed a few genetic modifi cations with high penetrance. 
These include chromosome deletions such as the  22q11 and other  copy number 
variants (CNVs). As schizophrenia-predisposing gene variations continue to 
be identifi ed, mouse models expressing such variations are developed. This is a 
long list that cannot be addressed in its totality. Examples of single-gene muta-
tions with suspected link to the disease include  dysbindin (for which knockout 
mice exist),  DISC1 (for which several manipulations also have been used in 
animals), and neuregulin. Unfortunately, a great deal of effort has been placed 
on proving the validity of these models. Even if we admit that individual genes 
may contribute only a small fraction of the risk, studying the neurobiological 
processes triggered by altering the ERB4 gene or the DISC1 gene is extremely 
useful. By gaining such basic understanding, we can then link these genes with 
cellular activity, brain circuit function, and animal behavior in a manner that 
can illuminate about factors that can be affected in the disease.

Several genetic manipulations have recently been used to test specifi c hy-
potheses about the impact of a specifi c gene variation on neurobiological pro-
cesses. For example, among the diverse genetic variations that confer risk for 
major psychiatric disorders stands a truncated DISC1 gene. A Scottish family 
with a chromosome translocation in which 70% of its members present with 
schizophrenia or bipolar disorder permitted the DISC1 gene to be identifi ed as 
one of the truncated genes in the translocation (Millar et al. 2000). Interestingly, 
the protein encoded by the DISC1 gene proved critical for NMDA synapse 
development and cortical interneuron function. A mouse overexpressing a 
truncated DISC1 gene, which acts as a dominant negative, produces several 
behavioral, neurochemical, and electrophysiological changes that emerge in 
the adult animal and are shared by several other animal models (Hikida et al. 
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2007). Another genetic model was produced to test the hypothesis that defi cits 
in NMDA receptors in cortical inhibitory GABA interneurons can selectively 
produce abnormal behaviors and schizophrenia-relevant  endophenotypes. The 
obligatory NR1 subunit of NMDA receptors was knocked out of PV interneu-
rons in the cortex, resulting in loss of high-frequency oscillations, reduced  pre-
pulse inhibition, and altered cognitive functions (Belforte et al. 2010). Again, 
this is a hypothesis-testing use of an animal model that is not constrained by 
lack of validity. One could argue that there is no loss of NMDA receptors in 
schizophrenia, but these mice have been critical to show the impact of altered 
interneuron function on a number of schizophrenia-relevant phenomena, there-
by proving useful to test hypotheses about loss of PV interneuron function. 

Finally, there is strong impetus in testing mouse models that recapitulate 
rare, highly penetrant gene variations. Mice with a microdeletion in chromo-
some 22 ( 22q11), similar to what in humans produces a high incidence of 
schizophrenia, have shown altered PFC–hippocampal  synchrony (Sigurdsson 
et al. 2010), thus providing a link between a gene variation with strong associa-
tion with the disease and a relevant pathophysiological construct. Several open 
questions can be addressed with the diverse genetic models available today, 
such as why mutations can in so many different genes lead to a common patho-
physiology or whether there are convergent biochemical/cellular pathways or 
developmental processes affected by different genetic manipulations. These 
are examples of possibilities in which the hypothesis-based use of animal mod-
els can help move the fi eld forward.

Biomarkers and Endophenotypes

Perhaps the best use of animal models is to test hypotheses related to biologi-
cal processes that can underlie schizophrenia endophenotypes and ultimately 
to help identify  biomarkers that can be associated with endophenotypes and 
pathophysiological conditions. For example, the currently popular notion that 
 cortical disinhibition is critical for cognitive defi cits requires extensive animal 
work to be translated in more effi cacious treatments. As inhibitory interneuron 
defi cits may be a central tenet of the disinhibition scenario, animal models 
which test the impact of altered interneurons will be extremely useful in deter-
mining a variety of outcomes that can be related to schizophrenia phenomena. 
Many reports have emerged over recent years of altered cortical oscillations 
in diverse models that affect cortical interneurons, thus opening the door to 
establishing clinical neurophysiological readouts of interneuron defi cits. More, 
however, remains to be done. Although there are animal studies using EEG 
and auditory evoked potentials in a manner similar to what is used in schizo-
phrenia patients, these studies typically employ intracerebral or subdural elec-
trodes. The signal obtained with these electrodes is clearly stronger but may 
differ greatly from the scalp recordings used in humans. A more human-like 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109391/9780262314602_c001200.pdf by guest on 02 January 2024



192 P. O’Donnell 

recording strategy (i.e., outside of the skull) is required for EEG and related 
signals to become more easily translatable. Such an approach would allow 
animal work to unveil neurobiological processes related to human neurophysi-
ological signals and to understand processes that can alter them.

Another theme that is gaining ground in schizophrenia research is the pos-
sible role of  immune activation, infl ammation, and  oxidative  stress in the dis-
order. This is an area in which animal model work will be extremely important. 
Pending questions include whether infl ammation and oxidative stress can be 
expressed selectively in interneurons, providing a link to the disinhibition hy-
pothesis and perhaps information regarding mechanisms that can yield disin-
hibition. In addition, we need to establish whether infl ammation and oxidative 
stress can yield cognitive and behavioral anomalies. By testing these questions 
in animal models and learning about biological processes associated with these 
variables, we may gain information regarding human biomarkers and how they 
relate to  endophenotypes.

A theme that the current research with animal models should incorporate 
is the role of  dopamine. Most recent animal model work has concentrated on 
cortical  GABA and  glutamate. Although these are clearly important players 
with a critical role in cognition, the link between dopamine and  positive symp-
toms cannot be discounted. It is essential that dopamine systems gain more 
prominence in animal model work. With the emergence of the disinhibition 
hypothesis, the  dopamine hypothesis seems to have taken a backseat. There 
are many open questions that need to be answered to obtain a better integrative 
view of GABA, glutamate, and dopamine systems. Can dopamine alterations 
emerge as a consequence of cortical disinhibition or are they unrelated? Does 
dopamine play a role in putting disinhibition into evidence?  Animal testing 
of positive symptoms is problematic; arguably, they cannot be reproduced in 
a  rodent. However, if we focus less on the validity of the models and more 
about using manipulations to test hypotheses related to the role of dopamine in 
behavior, we may be able to obtain information that can subsequently be used 
to guide human studies.

Animal Models and Novel Therapeutics

Ultimately,  animal modeling should be at the service of novel medication de-
velopment. Although a large number of targets (e.g., GABAergic, cholinergic, 
glutamatergic) have been identifi ed using the models described above, we have 
so far failed to identify useful targets. For example, as cortical disinhibition hy-
pothesis gained support with animal work, it was reasonable to consider devel-
oping new compounds that targeted a disinhibited cortex. Although there were 
some promising leads, such as the initial report of a metabotropic glutamate 
agonist mGluR2/3 having similar effi cacy as  olanzapine (Patil et al. 2007), oth-
ers failed (e.g., Buchanan et al. 2011). Furthermore , subsequent studies with 
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the mGlu2/3 receptor did not provide conclusive data. Many factors played 
a role in this process: some trials were underpowered or showed a high pla-
cebo effect, patients were not selected according to specifi c biomarkers, etc. 
As these efforts are costly, some are now cautioning against the use of animal 
information to drive human trials. I argue that these efforts were conducted 
too early, with little biological information other than a hypothesis developed 
based on an array of data. More work needs to be done in animal models to 
determine whether reducing excess glutamate or increasing GABA-A tone 
does restore  excitation-inhibition balance and, if they do, what are the opti-
mal tools (mGluR agonists vs. allosteric modulators; what GABA-A receptor 
selectivity works). Furthermore, schizophrenia is a heterogeneous disease; it 
is more likely part of a continuum of neurobiological processes which spans 
across other related psychiatric disorders. We need to embrace  heterogeneity 
in animal studies and design hypotheses to illuminate how biological processes 
(and potential treatment targets) can cause diverse sets of clinical outcomes. 
On one hand, disinhibition may be a feature of  bipolar disorder and  autism; 
on the other, there may be a subset of schizophrenia patients in which cor-
tical disinhibition is a prominent feature and others in which it is not. The 
same goes for dopamine alterations or any proposed pathophysiological sce-
nario.The fi eld, therefore, needs to identify biomarkers that can be associated 
with pathophysiological conditions. If we are able to determine EEG signals, 
evoked potentials, imaging alterations or cognitive tests that have a strong cor-
relation with disinhibition in animal models, we can then use those markers to 
select patients for trials based on biology. Finally, when considering the cogni-
tive realm, it is possible that any benefi t of novel agents may be offset by the 
deleterious impact of traditional  antipsychotics on cognition if the trials were 
designed with the new drugs as adjuvants. Animal models could be useful in 
determining whether differing effects can be expected from isolated or adju-
vant administration of a particular novel compound. Animal models need to be 
used differently and more extensively before moving on to the next generation 
of treatment. This would permit trials to use the most likely to succeed targets, 
schedules, and patient population.

Conclusion

Animal models of psychiatric disorders are important, and it is crucial that 
we have a diverse set of tools to test biological processes relevant to these 
disorders. If we knew what the pathophysiological processes in schizophrenia 
were, we would only need one or a few models to reproduce it. But we don’t. 
Therefore, we need to avoid the pressure of having the “most valid” model and 
instead use the models to explore specifi c hypotheses about the contribution of 
different factors, from genes to the environment. Animal models can also be 
better employed to seek correlates of neurobiological processes with readouts 
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that are similar to human biomarkers. To achieve this, we need to replace the 
notion of  validity with usefulness. A useful model would allow us to test the 
impact of factors that are hypothesized to play a role in the etiology or patho-
physiology of schizophrenia. A useful model would also allow us to study neu-
robiological processes that are affected by any suspected factor without being 
limited by a perceived lack of  validity. If we recognize that schizophrenia can-
not be reproduced in animals, then we are free to use animal manipulations to 
explore biological processes that can have relevance to schizophrenia as well 
as other psychiatric disorders. The affected neurobiological processes in these 
studies could then be tested in patients using imaging or other techniques. By 
de-emphasizing the validation aspect of a model (i.e., the need to mimic the 
human disease), we can move the fi eld forward by using animal manipulations 
to test hypotheses about the roles of genes, development, neurotransmitters, or 
environmental factors.

Why are  clinical trials on novel compounds that were designed on the basis 
on animal data not working? Briefl y, concepts developed with animal work 
were taken to the clinic too early. All of the attempts based on the disinhibition 
hypothesis were doomed to fail because they were predicated on small pieces 
of evidence; we did not have a complete understanding about the mechanisms 
that were yielding to the disinhibition observed in different models. More work 
with models is needed, for example, to test whether cortical disinhibition is in-
deed responsible for cognitive defi cits and to elucidate the cellular and/or sys-
tems mechanisms that may yield disinhibition or any other pathophysiological 
construct following developmental, genetic, or environmental manipulations. 
Only with that information will we be able to understand the neurobiological 
mechanisms of stimulating mGluR receptors or enhancing GABA-A receptor 
activity. However, we should not throw out the baby with the bathwater. As 
our gaps in knowledge are being fi lled, novel compounds can still be tested 
on those models in which a pathophysiological state relevant to their targets is 
present. The pharmaceutical industry needs to invest more heavily in testing 
compounds in animal manipulations which model the pathophysiology intend-
ed for the new agent and, most importantly, which identify biomarkers that can 
be associated with a positive effect of these agents. Only then can a suffi ciently 
powered clinical trial be conclusive in accepting or rejecting a particular target.

How, then, can animal models be better utilized? The answer is simple: by 
using them to test specifi c hypotheses related to the fl ow of  etiological/ risk fac-
tors from pathophysiological processes to behavior and clinical manifestations.
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How Can  Computational 
Models Be Better Utilized 

for Understanding and 
Treating Schizophrenia?

Daniel Durstewitz and Jeremy K. Seamans

Abstract

This chapter discusses computational neuroscience approaches which could be used to 
establish mechanistic and causal links between structural, biophysical, and biochemi-
cal factors of the underlying neural hardware, the dynamic properties implementing 
computational operations, and their relationship to cognition and behavior. This process 
is illustrated using an example relevant to schizophrenia: the bidirectional dopamine 
regulation of dynamic network regimes in prefrontal cortex and their relation to higher 
cognitive functions like  working memory and fl exibility. Thus, dynamic system proper-
ties (like  attractor states or bifurcations) provide the glue between neuronal hardware 
and cognitive function. Importantly, they are not mere abstract mathematical concepts, 
but rather properties which can be derived from experimental measurements. This way 
computational tools may help gain a mechanistic understanding of how various schizo-
phrenia-related biochemical and genetic changes could be related to the functional and 
cognitive defi cits, and could be used to develop novel treatment options by identifying 
yet unknown parameter confi gurations that reinstall “healthy dynamics.”

What Is Computational Neuroscience and What 
Types of Questions Can It Answer?

 Computational neuroscience has become a broad fi eld, with major contribu-
tions from (theoretical) physics, computer science (informatics), mathemat-
ics, biology, and psychology, and has grown tremendously, especially over the 
last decade. Common to all areas of computational neuroscience is the usage 
of theoretical, mathematical, and computational methods to address questions 
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about brain function. There are at least two major aspects to this fi eld. The fi rst 
is the idea that the brain is fundamentally a computational system; that is, a 
system that tries to compute (in an algorithmic sense) from sensory inputs sen-
sible behavioral outputs, given certain internal states and stored information 
(Figure 12.1). At this level, the types of questions are:

• What mappings (functions) between input and output patterns does 
a specifi c molecular network, a single cell, a local circuit, or a given 
brain region perform?

• How are these mappings implemented at a biophysical, biochemical, 
anatomical, etc., level?

• What constraints exist on the types of mappings that can be realized by 
the neural system under consideration?

For instance, a single neocortical pyramidal cell receives spatiotemporal pat-
terns of synaptic inputs driven by spikes, and transforms these patterns into 
temporal patterns of axonal output spikes. Are these mappings linear or are 
they (highly) nonlinear? Do they acknowledge the temporal and/or spatial 
structure in the inputs, or do they somehow average across temporal and/or 
spatial aspects? Can they be cast in terms of classifi cation or regression prob-
lems? How do the input/output transformations performed by the cell arise 
from the mathematical operations represented by various voltage-gated ion 
channels (e.g., fast Na+ channels impose a kind of binary threshold opera-
tion on synaptic inputs, either strongly amplifying them or letting them decay 
away)? Thus, the computational neuroscientist tries to translate the behavior of 
a given neural system into a (class of) mathematical function(s), and attempts 

y(t)=F [x(t),s(t)]

Input
x(t)

Output
y(t)

s(t)

Figure 12.1 Understanding the brain as a computational system.  Brain functions may 
be mathematically characterized as mappings, F, between spatiotemporal patterns of 
sensory inputs, x(t), internal states of the system, s(t), and behavioral outputs, y(t). The 
goal is to work out the exact mathematical form of these functions, F, what class of 
functions a given neural system can compute, and which ones it cannot, and how these 
are implemented in terms of the underlying component operations and biophysical/ 
biochemical mechanisms. The considered system does not have to be the whole brain 
at once, of course, but may consist of single brain areas, local networks (e.g., columns), 
single neurons, or simply subcellular molecular networks.
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to work out how this function is implemented in terms of the mathematical 
operations realized by biophysical and biochemical components.

A second major theme in computational neuroscience is the idea of gain-
ing insights into neural system function through simulation. The brain is a 
highly complex system consisting of millions to billions of constantly interact-
ing nonlinear feedback loops, organized at many different interacting levels 
of spatial and temporal resolution (from molecular networks to single cells, to 
local neuronal ensembles, to brain areas, to systems of interacting brain areas 
and so forth). To gain mechanistic insight into the workings of this system re-
quires more than intuition based on experimental data. For instance, increasing 
excitatory input to pyramidal neurons in vivo or pharmacologically enhancing 
NMDA currents might be seen as a means to enhance their spiking activity, 
but we may paradoxically fi nd that the fi ring rate actually decreases strongly. 
Among the various possible reasons, this may be because we overlooked the 
fact that Na+ channels severely inactivate at constant levels of higher depo-
larization, or because this leads to enhanced Ca2+ infl ux which in turn trig-
gers long-lasting Ca2+-dependent K+ currents, or because we underestimated 
the feedback inhibition from GABAergic interneurons. Because of the many 
positive and negative feedback cascades at work in a fully functional neural 
network (in contrast perhaps to its dissected components in some experimental 
preparations), we will inevitably run into plenty of apparently paradoxical and 
counterintuitive effects.

This limitation may become particularly severe once we try to understand 
how different levels of nervous system description link up with each other; that 
is, how for instance particular cellular components, like AMPA channels, con-
tribute to neurodynamic phenomena like oscillations, or how neurodynamic 
phenomena in turn are related to specifi c behaviors. In our view, current under-
standing is mostly correlational in terms of how different levels are related to 
each other, and, in most cases, lacks truly mechanistic insights. We may know, 
for instance, that turning a specifi c biophysical knob (say, increasing NMDA 
conductance) has a specifi c effect on slow oscillations or behavior in a specifi c 
task, but we might not understand why this is the case and how these effects are 
specifi cally mediated. It is clear that such a level of mechanistic understanding 
could, in principle, greatly boost our ability to devise very specifi c interven-
tions into the system that would alleviate or abolish particular dysfunctions. 
One of the reasons why simulations of neural systems could be a particularly 
powerful tool is that, unlike experimental systems, one has full access to every 
and each single variable: one can both simultaneously monitor all dynamic 
variables (e.g., the membrane voltages and ionic conductance of all cells) as 
well as independently manipulate each single variable or parameter of the 
system. One can even introduce artifi cial manipulations or constructs into the 
system (e.g., insert purpose-designed ion channels into subpopulations of cells 
to test a specifi c hypothesis, set up arbitrary interneuronal wiring diagrams, or 
regulate the tone of different modulatory inputs in a very specifi c way). This 
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maximum degree of control over the simulated system permits us to address 
research questions that are far beyond the scope of experimental techniques. In 
experimental setups, even with the most advanced present-day techniques (like 
 optogenetics or multi-tetrode recordings), only a tiny minority of the system’s 
variables are directly observable or simultaneously measurable. Computational 
models allow us to obtain insights into details of the system dynamics and me-
chanics, or to derive systematic simplifi cations of it to improve understanding, 
which otherwise might not be obtainable through purely experimental work. 
In the natural science or medical context, it is, of course, clear that computer 
simulations are only tools to gain insight into experimental data, and that the 
predictions yielded require experimental verifi cation and approval.

In summary, computational models of neural systems are particularly suited 
to gain mechanistic and causal insight into the relation between various lev-
els of nervous system description: how specifi c constellations of biophysical, 
biochemical, and anatomical factors give rise to specifi c classes of dynamic 
phenomena, and how these, in turn, relate to behavior.

Neural Dynamics,  Information Processing, and Cognitive Function

A common concept in theoretical neuroscience is that  cognitive and computa-
tional properties of the brain are implemented in terms of the  system dynamics. 
Mathematically, a neural substrate may be described by a system of dynamic 
equations (differential equations) which govern the evolution of the system’s 
variables (e.g., the membrane voltages or fi ring rates of neurons) in time and 
space. The space spanned by all the dynamic variables of the system is called 
the state space (Figure 12.2a), since a point within this space fully describes 
the state of all the system’s dynamic variables at a given point in time. As time 
passes, the fi ring rates, membrane potentials, ionic conductance, etc., of the 
neurons will change, and so as the system’s state wanders through the state 
space governed by the system’s dynamic equations and external infl uences, 
it will follow a particular path or trajectory through this space (Figure 12.2a). 
State spaces of complex dynamic systems are fi lled with diverse geometrical 
objects that determine the fl ow of the trajectories, the most important being  at-
tractor states. To get an idea, consider the electrical circuit for a passive patch 
of cell membrane governed by the simple fi rst-order differential equation, 
Cm dV/dt = gL(EL–V), where V is the membrane potential, Cm the membrane 
capacitance, gL the conductance of the so-called leakage channels in the mem-
brane, and EL the associated leakage reversal potential. If V < EL (i.e., below 
the leakage potential), the temporal derivative dV/dt will be positive and V will 
grow in time until V = EL, where dV/dt = 0. If V > EL, dV/dt will be negative 
and V will decay back to EL. The state V= EL is thus an attractor state of this 
simple system, a state which “attracts” nearby trajectories that will converge 
to it (or will converge back after a small perturbation). In this simple example, 
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Figure 12.2 Concepts in neural system dynamics. (a) Any (bio-)physical system that 
can be described by a set of differential equations (“equations of motion”) may be rep-
resented in a state space that spans all dynamic variables of the system. In the example 
shown, the space is spanned by the instantaneous spiking rates of all neurons in the 
system; for the purpose of visualization just three here. A point in this system uniquely 
characterizes the current state of the system (in this case, the spiking rates of all three 
neurons). A trajectory in this space is a path laid out by temporally consecutive system 
states; that is, it describes the evolution of the system’s state in time, as illustrated. 
Modifi ed from Durstewitz and Balaguer-Ballester (2010). (b) State spaces are fi lled 
with different geometrical objects which govern the fl ow of trajectories. One important 
class of such objects is attractor states or (sets of) points toward which neighboring 
states converge in time. The domain of convergence is called the attractor’s basin of 
attraction. In this example, several attractors with their associated basins of attraction 
(delineated by dashed lines) are shown. In neural terms, each attractor state may cor-
respond to a specifi c, distinct pattern of neuronal fi ring rates, which in turn may rep-
resent a specifi c memory pattern. Convergence to a specifi c attractor state would thus 
correspond to the process of memory retrieval, initiated for instance by external cues. 
(c) A behavioral action sequence or “memory chain” may be represented neurodynami-
cally as a sequence of transitions among attractor states. (d) Attracting states are not 
mere theoretical constructs; they are an inherent property of natural systems that can 
be described by sets of (nonlinear) differential equations, and can be measured experi-
mentally. In this example, attracting states were reconstructed from multiple single-unit 
recordings in vivo from rats performing a working memory and decision-making task. 
Using dimensionality reduction techniques, a three-dimensional space was obtained 
from 10–30 simultaneously recorded units. Arrows give the direction of fl ow at each 
point in the space, and the vector length indicates the velocity of fl ow. Activity tends to 
converge on one of several attracting states, with the system’s state changing quickly 
when it is far away from any attracting state, and slowing down as it approaches the 
center of a state. Each of the shown states corresponds to a specifi c cognitive act (e.g., 
choice,  reward, memory period). After Balaguer-Ballester et al. (2011).
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the attractor state is just a point (V = EL) in state space (thus called a “fi xed 
point attractor”); however, in general, attractor states can have more compli-
cated geometries like closed orbits (associated with oscillatory activity) or fi ll 
up fractal volumes in state space (“chaotic attractors”). This simple example 
also highlights the point that attractor states or other dynamic properties are not 
pure mathematical inventions or metaphors for the system’s behavior. They do 
exist in biological (and other physical) systems and are experimentally mea-
surable entities (in this case the stable resting potential of a cell).

A common idea in neurocomputational theory (e.g., Hertz et al. 1991; 
O’Reilly and Munakata 2000) is that attractor states represent outcomes of 
cognitive computations and that transitions among attractor states represent 
computational processes. For instance, a neural attractor state may correspond 
to a pattern of fi ring rates across a set of neurons representing a retrieved 
memory item (Figure 12.2b), and a sequence of transitions among attracting 
states may implement a sequence of behavioral actions (Figure 12.2c). Neural 
attracting behavior associated with cognitive processing can, in fact, be ex-
tracted from experimental data (Balaguer-Ballester et al. 2011), as shown in 
Figure 12.2d. In this case, neural population activity patterns are derived from 
multiple single-unit recordings from the rodent prefrontal cortex and embed-
ded into a lower dimensional state space as illustrated in Figure 12.2d. The 
convergence of neural ensemble activity to specifi c attracting states is illustrat-
ed by the arrows plotted at each point in space (the so-called fl ow fi eld) which 
indicate the direction into which the system will move when in that state, while 
the vector lengths give the movement velocity at those points. The different 
states toward which neural activity evolves correspond to different cognitively 
defi ned task stages, such as choices the animal makes, rewards it receives, or a 
delay phase associated with  working memory load. Although extracting such 
dynamic behavior from experimental data may require special mathematical 
tools (Balaguer-Ballester et al. 2011), this example demonstrates that attractor 
dynamics is not merely an abstract mathematical concept; it has a clear and 
experimentally measurable correspondence in neural systems.

How Computational Models Could Enhance 
Understanding of Schizophrenia

How, then, are the concepts introduced in the last sections relevant to schizo-
phrenia? A wealth of disparate and often seemingly unrelated changes have 
been linked to schizophrenia: changes in transmitter and neuromodulatory sys-
tems (Carlsson and Carlsson 1990b; Benes and Berretta 2001), in molecular 
pathways (Turner et al. 1997), in cellular morphology, anatomical properties, 
and  synaptic connectivity (Meyer-Lindenberg et al. 2001; Penzes et al. 2011), 
across a variety of different brain regions (most prominently the  prefrontal 
cortex,  hippocampus, and  striatum). There are also a number of diverse genes, 
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some of them related to the systems mentioned above (e.g.,  COMT alleles 
and dopamine), that seem to increase the risk for schizophrenia signifi cant-
ly (Meyer-Lindenberg and Weinberger 2006). Many of these diverse physi-
ological and structural effects are likely to interact in some nonintuitive way. 
Thus their net effect on network dynamics and computation is hard to predict. 
However, these types of alterations in “neuronal hardware” can usually be 
translated into neural network simulations, either directly through their known 
biophysical mechanisms, or indirectly through proper data-based phenomeno-
logical models. Thus, in principle, computational models could provide a plat-
form to examine systematically the impact of some of the physiological, struc-
tural, and gene-related factors, or various combinations of them, on network 
dynamics and computation. Thereby, such studies would enhance our mecha-
nistic understanding of how changes in biophysical and biochemical param-
eters associated with schizophrenia could give rise to the dynamic underpin-
nings of this disease (e.g., changes in 40 Hz oscillations; Uhlhaas and Singer 
2010), and through those on neural information processing and cognition. To 
integrate or “simulate” the impact of comparatively “soft” social and environ-
mental risk factors (Lederbogen et al. 2011; Tost and Meyer-Lindenberg 2012) 
in neurocomputational models, however, is much harder or even impossible, 
unless these can either be distilled to very simple differences in sensory stimu-
lation patterns (mimicking an experimental situation in the lab) or translated 
into specifi c hardware alterations (which, ultimately, of course, their longer-
term effects will come down to, although these changes may sometimes be 
quite subtle). Likewise, questions of the etiology of the disease may be more 
diffi cult to map into a computational framework, as it will be hard to simulate 
whole etiological trajectories of neural hardware changes, especially if these 
are partly driven by environmental inputs. Insight may be gained, however, by 
taking snapshots of the neural hardware at different times during the develop-
ment of the disease.

To illustrate these ideas, we use alterations in prefrontal cortex (PFC) do-
pamine modulation as an example, being aware that prefrontal  dopamine dys-
regulation is only one of many possible contributors to the disease. Dopamine 
inputs to the PFC arise mainly from the midbrain ventral tegmental area and 
act through two major (metabotropic) receptor classes, abbreviated D1R and 
D2R. Stimulation of either D1R or D2R triggers a barrage of molecular pro-
cesses which ultimately result in a number of profound changes in the bio-
physical parameters of ionic conductances, voltage-gated and synaptic ones, 
in both pyramidal cells and interneurons (Yang and Seamans 1996; Seamans 
et al. 2001a, b; Gorelova et al. 2002; Gao and Goldman-Rakic 2003). The 
fi rst important point to emphasize here is that dopamine is not a classical neu-
rotransmitter. Its cellular actions are neither properly described as being excit-
atory nor as being inhibitory; in fact, its direct infl uence on membrane potential 
is minimal (e.g., Yang and Seamans 1996). Dopamine is a true neuromodulator 
in the sense that it does not directly excite or inhibit a cell, but rather modulates 
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the way it responds to inputs by changing the biophysical properties of vari-
ous currents. For instance, D1R stimulation enhances both  NMDA (Zheng et 
al. 1999; Seamans et al. 2001a) and  GABAA synaptic currents (Seamans et al. 
2001b); at the same time it diminishes synaptic release probability (Seamans 
et al. 2001a), enhances certain classes of high voltage-activated Ca2+ channels 
while diminishing others (Young and Yang 2004), reduces slow potassium cur-
rents (Yang and Seamans 1996), and so on, while D2R stimulation often has 
effects on cellular parameters and synaptic currents opposite from those of 
D1R action (e.g., Trantham-Davidson et al. 2004; Zheng et al. 1999). Hence, 
the cellular and synaptic actions of D1R and D2R stimulation are manifold 
and often opposing, so that it is hard to make sense of their functional mean-
ing. However, biophysical network simulations offer a framework for inter-
preting these physiologically measured effects in a functional and information 
processing  context. In a biophysical network simulation of PFC, we observed 
that most of the physiological effects of D1R stimulation, although apparently 
quite disparate, seemed to converge onto a common function (Durstewitz et 
al. 2000; Durstewitz and Seamans 2002). In systems-dynamical terms, this 
led to a “deepening” and “widening” of PFC attractor states associated with 
spontaneous or active memory-related fi ring patterns (Figure 12.3a, b); that is, 
to an increased “energy barrier” between states. In contrast, D2R stimulation, 
based on its mostly opposing cellular and synaptic effects, “fl attened out” the 
PFC attractor landscape (i.e., led to a reduction of the “energy barrier” between 
states). Functionally this means that in a D1R-dominated mode it is much hard-
er to switch between different attractor states (corresponding to memory items, 
goal states, etc.; see discussed in the previous section). In turn, this may, for 
instance, improve  working memory performance by shielding active memory 
states against distraction and noise (Durstewitz et al. 2000; Durstewitz and 
Seamans 2002). Conversely, in a D2R-dominated mode it becomes much eas-
ier to switch among attractor states, potentially enhancing functions like set 
shifting or memory search (Durstewitz and Seamans 2008).

These alterations in network dynamics caused by D1R (or D2R) stimulation 
are a result of the fact that several of the D1R-induced (D2R-induced) biophys-
ical effects act synergistically on the dynamics, not necessarily the physiology. 
For instance, in biophysical terms, the D1R-mediated enhancement of NMDA 
conductance, which increases with membrane voltage, leads to a strengthening 
of recurrent excitation specifi cally in currently active  memory states, whereas 
the concurrent enhancement of GABAA current leads to further suppression 
of competing states. Thus, although these two effects seem physiologically 
opposing (one being excitatory, the other inhibitory), dynamically speaking 
they lead to the same thing: an increased “barrier” between currently active 
and inactive states. One outcome of this is that D1R effects on neural activity 
are state-dependent: currently active neurons that are embedded into an active 
cell assembly may increase their activity further, while rather inactive neurons 
which fi re at a spontaneous level may be further diminished in their activity, or 
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at least show much less of an increase. This has indeed been observed experi-
mentally in vivo (Lavin et al. 2005; Vijayraghavan et al. 2007). Perhaps even 
more surprisingly, however, the dynamic effects conveyed by D1R and D2R 
stimulation could theoretically happen without any obvious changes in neural 
fi ring rates at all: the attractor states shown in Figure 12.3a, b may not change 
their (RPC, RIN) position in the space of pyramidal cell and interneuronal fi r-
ing rates, yet the associated basins of attractions may still be deepened, thus 
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Figure 12.3 Dopamine modulation of PFC attractor landscapes. (a) A cortex-like net-
work of pyramidal cells and interneurons is represented here by a two-dimensional state 
space projection which is spanned by the average fi ring rates of the pyramidal (x-axis) 
vs. interneurons (y-axis). Arrows indicate that activity in this space converges to one of 
two possible attractor states associated with low vs. high fi ring rates. These points of 
convergence are formally given by the intersection of two lines (called “nullclines”): one 
gives the steady-state fi ring rates of the pyramidal cells as a function of a fi xed average 
rate of the interneurons (bluish and greenish curves); the other shows the steady-state 
fi ring rate of the interneurons as a function of a fi xed pyramidal cell rate (black curve). 
Hence, where these lines intersect, both pyramidal neurons and interneurons are in their 
steady states yielding a “fi xed point.” The two regions of convergence for the low- and 
high-fi ring rate attractors are separated by the black dashed line. While D1 stimulation 
leads to a stretching of the pyramidal cell nullcline along the x- and y-axes, D2 stimula-
tion leads to a contraction along both dimensions. (b) Representation of the information 
from (a) (with corresponding line colors) in terms of an “energy landscape” (schema). 
Minima of the energy correspond to the fi xed point attractors in (a); the state of the 
system may be envisioned as a ball rolling down into the nearest minimum. The local 
slopes in this graph depend on the sign and magnitude of the derivatives of the underly-
ing system, as given by the fl ow fi eld (cf. Figure 12.2d). The graph makes clear that it 
becomes much harder to switch between different attractor states in the D1-dominated 
regime as the troughs move apart and the “valleys” become much steeper. Conversely, 
in the D2-dominated regime, the valleys become so fl at and nearby that noise may eas-
ily push the system from one state into the other. (c) Network simulation illustrating the 
fact that the system spontaneously switches or cycles among different attractors (neural 
representations) in the D2-dominated regime, while robustly maintaining a once elicited 
attractor in the D1-dominated regime. Figure modifi ed from Durstewitz (2007) and re-
printed from Durstewitz and Seamans (2008) with permission from Elsevier.
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increasing the “energy barrier” between states. Functionally, this would have 
the same consequences as discussed above. This has fundamentally important 
implications for in vivo electrophysiology: functionally highly relevant chang-
es in network dynamical properties may not necessarily be picked up by sim-
ply measuring changes in neural spiking rates! Instead, in such circumstances, 
perturbation experiments, now that they are feasible through  optogenetic tools 
(Fenno et al. 2011), may be necessary to reveal the functional implications.

Previously we have summarized the observations above derived from bio-
physical network simulations fed by in vitro electrophysiological measure-
ments under the term “ dual-state theory of prefrontal  dopamine function” 
(Durstewitz and Seamans 2008). We have proposed that there is a D1R-
dominated state that enhances stability (of, e.g.,  working memory contents) 
and a D2R-dominated state that facilitates fl exibility (switching among states). 
These two receptor types are commonly co-localized on prefrontal neurons, 
but they possess different affi nities for dopamine within different affi nity states 
(Durstewitz and Seamans 2008; for a review, see Richfi eld et al. 1989). Thus, 
one factor that could regulate the relative balance between D1R and D2R stim-
ulation, and hence shift the network among different modes of computational 
operation, is simply dopamine concentration. Having established this biophys-
ical and network dynamical framework, one could evaluate the functional con-
sequences of different D1R versus D2R receptor densities in PFC, or changes 
in their affi nities or affi nity states. For instance, moving some D2R from low- 
into high-affi nity state, as has been linked with psychosis (Seeman et al. 2006), 
may lead to a relative dominance of the D2R mode, which could give rise 
to  positive symptoms. If prefrontal attractor basins become permanently very 
shallow (resulting in very labile attractor states), frequent switching, working 
memory defi cits, fl eeing thoughts, and highly associative, incoherent think-
ing may be the cognitive consequence. Even  hallucinations may theoretically 
be explained in this way, as perception-related attractor states may pop out 
spontaneously when noise drives the system across one of its shallow “energy 
valleys.” Conversely, an increase in D1R density, which has been proposed in 
schizophrenia (Weinberger 1987; Abi-Dargham and Moore 2003), may lead 
to D1R dominance and thus to network dynamical regimes which, in extreme 
cases, may lead to persistence of a few dominant  attractor states, to persevera-
tion, to strongly internally driven dynamics with low sensitivity to external 
inputs, and consequently to behavioral effects such as fl attened  affect and lack 
of  social interaction characteristic of negative symptoms.

Regardless of whether dopamine imbalance in PFC contributes to schizo-
phrenic  symptomatology in this way or not, this discussion illustrates how net-
work dynamical implications may be derived from biophysical factors, how 
these may translate into functional and thus ultimately cognitive-behavioral 
consequences, and how variations in the underlying biophysical/biochemical 
factors may explain alterations in cognitive processing via their impact on net-
work dynamics. This general approach could be applied to any other set of 
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biophysical, biochemical, or anatomical/morphological factors that have been 
found to be altered in schizophrenia. For instance, changes in the GABAergic 
system that have been widely described in schizophrenia (Benes and Berretta 
2001) could be implemented in a quite straightforward manner by altering 
GABAergic cell numbers, synaptic inputs, and/or conductances in the model 
networks. Likewise, effects of schizophrenia risk genes, like  COMT, DRD2, 
or  CACNA1C whose role in regulating specifi c ion channels or transmitter 
systems is relatively well understood, would map directly onto correspond-
ing changes in ion channels (e.g., conductance of high voltage-activated Ca2+ 
channels) or transmitter systems (e.g., basal and induced levels of dopamine 
receptor activation) in the model. Risk genes or other molecular factors, for 
which the precise biophysical mechanisms of action are less well understood, 
may still be captured by phenomenological models that represent their effects 
on excitatory and inhibitory synaptic currents and input/output functions of 
neurons, provided these have been determined electrophysiologically. One 
particular advantage of the modeling approach, however, is that some or all 
of these diverse neurobiological and genetic effects can be studied for their 
combined effects on network dynamics and computation.

How Computational Models May Help to Develop 
Novel  Treatments for Schizophrenia

Finally, we comment briefl y on how computational models may be used to 
develop novel therapies and treatments for schizophrenia. Here the fact may 
be exploited that in a computational model one can independently access and 
manipulate each single parameter of the system, or can even introduce novel 
parameters which do not (yet) have a clear physiological equivalent. The basic 
idea would be to start with a network confi guration that mimics the illness 
state; that is, one where structural (anatomical, morphological, connectivity) 
and physiological parameters of the model have been set in accordance with 
our knowledge about how these neural system characteristics are altered in 
schizophrenia (see previous section). If our knowledge about these neural 
hardware changes is suffi ciently comprehensive and complete, the resulting 
model network should exhibit dynamic signatures and computational defi cits 
that are characteristic for schizophrenic patients (e.g., alterations in oscilla-
tory activity, defi cits in working memory performance). If our knowledge is 
still rather incomplete, the model may guide us toward further neurobiological 
factors that may be altered in schizophrenia, by means of systematically ex-
amining in the model which parameter changes could potentially contribute to 
experimentally measured alterations in functional and behavioral variables. In 
this latter case, a phenomenological approach (see previous section) may again 
be an alternative if decent animal models are available for which cellular and 
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synaptic changes can be characterized electrophysiologically without precise 
knowledge about the underlying biophysical and biochemical mechanisms.

Either way, once we have a reasonable network model of schizophrenia in 
place, we can systematically scan the model’s parameter space for confi gu-
rations that restore a “healthy” network dynamic in the system—one that is 
characteristic of a normal operating mode in “control” networks. This can and 
should be done in close interaction with pharmacologists, who would guide the 
selection of suitable parameters toward those which are, in principle, pharma-
cologically accessible (this does not mean that a specifi c drug already needs to 
be available, but only that it is conceivable from a biochemical perspective). 
Returning to the  dopamine example, in addition to obvious manipulations 
like alleviating a hyper-D1 state through D1R antagonists, we may fi nd that a 
pharmacological cocktail designed to partially block both NMDA and GABAA 
receptors would do the same job. We may even fi nd that variations in cellular 
or synaptic parameters completely unrelated to those affected by dopamine 
receptor stimulation may lead to the same system’s dynamical outcomes. For 
instance, reducing Na+ or low voltage-activated (T-type) Ca2+ conductance in 
both pyramidal cells and interneurons (thus reducing their input/output gain) 
may potentially have similar consequences for prefrontal attractor dynamics 
as those conveyed by NMDA/GABAA changes. Hence, we would exploit the 
fact that there are likely several different biophysical/biochemical routes to-
ward inducing similar modifi cations in network dynamics and thus function. 
Another particular advantage of computational approaches is that many dif-
ferent parameter confi gurations could be probed over a relatively short time 
period, compared to animal experiments, for their potential to alter dynamical 
regimes. In addition, they obviously come at much lower cost and could facili-
tate the testing of potential compounds utilizing fewer animals.

Conclusions

We began with a brief introduction into the fi eld of  computational neurosci-
ence, and how computational approaches could be used to establish mecha-
nistic and causal links between structural, biophysical, and biochemical fac-
tors of the underlying neural hardware, the dynamic properties implementing 
computational operations, and their relationship to cognition and behavior. We 
illustrated this process along a particular example relevant to schizophrenia, 
namely bidirectional dopamine regulation of dynamic network regimes in  PFC 
and their relation to cognitive functions, such as working memory or set shift-
ing. In this context, we wish to emphasize again that these dynamic system 
properties provide the glue between neuronal hardware and cognitive function; 
they are not mere abstract mathematical concepts, but rather properties that 
can be derived from experimental measurements. These tools might be useful 
in gaining a mechanistic understanding of how various schizophrenia-related 
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biochemical and genetic changes could be related to the functional and cogni-
tive defi cits observed in this disease. In addition, they could be used to derive 
novel treatment options by identifying yet unknown parameter confi gurations 
that reinstall “healthy dynamics.”

Computational neuroscience has traditionally focused more on basic neuro-
scientifi c questions, such as mechanisms of neural coding or information pro-
cessing. Most of the research that targets psychiatric conditions is very much 
in its infancy. Nonetheless, the basic computational tools needed to address 
questions of direct relevance to schizophrenia are mostly in place and can be 
utilized to enhance our understanding of schizophrenia, and with it possibly 
yet undiscovered treatment paths.
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How Can Models Be Better 
Utilized to Enhance  Outcome?

A Framework for Advancing the 
Use of Models in Schizophrenia 

Kevin J. Mitchell, Patricio O’Donnell, Daniel Durstewitz, 
André A. Fenton, Jay A. Gingrich, Joshua A. Gordon, 

Wolfgang Kelsch, Bita Moghaddam, 
William A. Phillips, and Akira Sawa

Abstract

The heterogeneity of schizophrenia at the clinical and etiological levels presents a huge 
obstacle to understanding the biology of this disorder, or even knowing how to concep-
tualize it. This chapter discusses how  animal,  cellular, and  computational models can 
be used to explore convergence at the intervening level of pathophysiology. It considers 
such models as experimental platforms to investigate specifi c neurobiological hypoth-
eses, in particular to elucidate causal chains of pathogenic events, from initial molecular 
and cellular disruptions to eventual effects on neural networks and brain systems un-
derlying specifi c symptom domains. The ultimate goal is to increase understanding of 
the neurobiological underpinnings of all aspects of the disorder ( etiology,  pathogenesis, 
 pathophysiology,  symptomatology) to a point where we can rationally identify new 
therapeutic targets or points of intervention to help break the deadlock in the develop-
ment of treatments for this devastating disorder.

Introduction

What is the point of making an “animal model of schizophrenia”? What are we 
hoping to accomplish? Is it even possible? What is it that we are really trying 
to model?
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We propose that  animal models are best considered as experimental reagents 
or platforms to investigate the neurobiological underpinnings of schizophre-
nia. This contrasts with the idea that animal models in some way recapitulate 
the disorder in its entirety or are mainly useful as a proxy for  drug screening. 
Despite the commonly used shorthand, it is obviously not possible to generate 
an animal model of schizophrenia, given its etiological and phenomenological 
heterogeneity, and considering the uniquely human expression of so many of 
its symptoms. Moreover, if schizophrenia is an  open construct, the boundar-
ies and features of which are diffi cult to delimit even in humans, attempting 
to generate an animal that recapitulates the disorder as a whole is even more 
unrealistic.

The approach we propose is generally fairly agnostic about face and  pre-
dictive  validity, terms which have preoccupied the fi eld for some time.  Face 
validity means that the animal presents with some behavioral phenotypes that 
resemble particular human symptoms. Predictive validity refers to those phe-
notypes that can be reversed in the animal model using current antipsychotic 
medications. While such information is indeed very valuable and reinforces 
the notion that one is on the right track, face and  predictive validity are not 
good exclusion criteria for saying whether an animal is really a “model of 
schizophrenia.”

The expectation that a particular pathophysiological disturbance will mani-
fest in an overtly similar way in animals and humans is not always justifi ed. 
On the contrary, one might more reasonably expect a species-specifi c expres-
sion at the behavioral level. Manipulations that do not result in obvious face 
validity should thus not be rejected as irrelevant to understanding the disease. 
Similarly, limiting oneself to studying only those phenotypes that are respon-
sive to current medications—especially using them to screen for drugs—in-
evitably becomes a circular exercise and may explain why no new drugs with 
novel mechanisms of action have been found using this approach (Carpenter 
and Koenig 2008; Abbott 2010).

We emphasize a different approach and propose that the term animal model 
be used to refer to an animal that has been manipulated in some way that is 
either known to be of etiological relevance to schizophrenia or that is thought 
to recapitulate a phenotype of relevance to some aspect of schizophrenia 
phenomenology. Different models may be useful for investigating etiology, 
pathogenesis, pathophysiology, or other aspects of the disease. As such, they 
represent discovery platforms to test specifi c hypotheses and elucidate the un-
derlying biology.

In addition to the use of animal models, this research framework impor-
tantly includes  human cellular models, such as neural cells derived from 
schizophrenia patient biopsies, for example, and  computational models, which 
can be used to formally describe the interactions within and between levels of 
biological phenomena and to predict the effects of manipulations of various 
components. In this chapter, we present a conceptual framework for relating 
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different levels of analysis of experimental models (genetic, molecular, cellu-
lar, circuits, systems, behavioral) and for encompassing the heterogeneity that 
is apparent at each level.

A Heuristic Framework for Schizophrenia Research

The clinical picture of schizophrenia is one of  heterogeneity at the level of 
 clinical symptoms (in terms of the particular profi le of symptoms portrayed by 
any individual patient) as well as at the level of etiology, with a large number 
of distinct risk factors identifi ed. Thus, to think of this heterogeneity while 
retaining the integrity of the central construct poses a major challenge. At the 
present time, the degree of heterogeneity at the intermediate level of patho-
genic and pathophysiological mechanisms is largely unknown. Our working 
hypothesis is that there will be some reduction in heterogeneity at the level of 
pathophysiology, with convergence onto a smaller set of common mechanisms 
underlying various symptom domains. In this section, we consider how experi-
mental models can be used to approach this question empirically.

Figure 13.1 presents a conceptual framework that encompasses these pa-
rameters in animals, based on a similar framework described for humans (see 
Corvin et al., this volume). A diversity of etiological risk factors (E1–En) may 

Symptom

Pathophysiology

Etiology

S1 S2 S3 S4 S5 S6 S7 Sn…

P1 P2 P3 P4 P5 P6 P7 Pn…

E1 E2 E3 E4 E5 E6 E7 En…

S1 S2 S3 S4 S5 S6 S7 Sn…

E1 E2 E3 E4 E5 E6 E7 En…

P1 P2 P3

Figure 13.1  Etiology–Pathophysiology–Symptoms (E–P–S) framework. Two alter-
native scenarios are presented that relate the heterogeneous etiological factors associ-
ated with schizophrenia to the heterogeneous clinical symptoms (or behavioral pheno-
types in an animal model). The scenario on the left depicts equivalent heterogeneity 
at the intervening level of pathophysiological mechanisms. Thus,  pathogenesis arising 
from etiological factors E3 and E4 involves distinct pathophysiological mechanisms, 
P3 and P4. The alternative hypothesis is illustrated on the right, in which the degree 
of heterogeneity at the pathophysiological level is drastically lower, with  phenotypic 
convergence onto a smaller set of common mechanisms which underlie diverse clini-
cal symptoms. In this case, E3 and E4 induce a common pathophysiological mecha-
nism. Note that the level of pathophysiology itself has multiple hierarchical levels (not 
shown), with possible convergence from various etiological factors at the level of bio-
chemical pathways, cellular or developmental mechanisms, or emergent neural dynam-
ics in microcircuits and extended brain systems.
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impact a range of molecular and cellular processes, leading to the emergence 
of a spectrum of pathophysiological phenotypes at the level of neural circuits 
and brain systems (P1–Pn). These phenotypes may singly, or in combination, 
lead to the range of clinical symptom domains observed in patients or to the 
impairment in the animal equivalent of such systems (S1–Sn). The question 
is whether there exists for each etiological factor a distinct and unique route 
of  pathogenesis, or if there is instead some convergence onto a smaller set 
of pathophysiologies. Conceptualizing schizophrenia models within this 
Etiology–Pathophysiology–Symptoms (E–P–S) framework will be advanta-
geous to elucidate neurobiological mechanisms of relevance to the disorder. 

 Epilepsy provides a useful exemplar to illustrate how such convergence can 
emerge (Figure 13.2). There are a large number of Mendelian conditions in 
which recurrent seizures are one of the clinical symptoms. The genes involved 
can be roughly subdivided based on the cellular level phenotypes observed or 
the protein function, including, for example, genes involved in proliferation or 

Intellectual
disability Seizures

Autism/
schizophrenia

E–I imbalance

Cortical
malformation

Altered
electrical
properties

Synaptic
genes

Altered
connectivity

Cell migration
genes

Ion
channels

E1 E2 E3 E4 E5 E7E6 E8 E9

Figure 13.2 Epilepsy as an example of  phenotypic convergence. Multiple strong ge-
netic risk factors for epilepsy fall into several categories based on the functions of the 
encoded proteins (with the obvious potential existence of many more than are depicted). 
Mutations in genes within each of these groups may converge onto a distinct primary 
pathology affecting a particular cellular process, such as  cortical morphogenesis, ionic 
fl ux, or  synaptic connectivity. There may be further convergence in the downstream 
consequences of these changes, which may all lead to an alteration in the  excitation-
inhibition (E–I) balance in various parts of the brain and a predisposition to seizures. 
Depending on the pathophysiological mechanism and its penetrance, additional clini-
cal symptoms may also emerge, including ones associated with  intellectual disability, 
autism, schizophrenia, and other psychiatric conditions.
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cell migration, which can lead to cortical malformation when mutated, genes 
affecting synapse formation, metabolic genes, and genes encoding ion chan-
nels (Poduri and Lowenstein 2011; Greenberg and Subaran 2011). The  hetero-
geneity of etiological factors can thus be reduced by defi ning gene function or 
direct phenotypic effect. Further reduction in heterogeneity is observed at the 
next level as each of these kinds of disturbance can result in a state of altered 
excitation-inhibition balance in some part of the brain, resulting in seizures. 
This is, of course, a superfi cial level of description—there are certainly dis-
tinct ways in which this balance can be disrupted—but it encapsulates a com-
mon theme: a type of common pathophysiology that can emerge from diverse 
primary insults affecting quite different cellular parameters (cytoarchitecture, 
 synaptic connectivity, metabolic fl ux, or ion channel expression). At the symp-
toms level, there is also heterogeneity in the type and location of seizures and 
course of  epilepsy. In addition, some genes that predispose to epilepsy also 
increase risk for other neuropsychiatric disorders, with a number of manifesta-
tions other than seizures (including  autism,  intellectual disability, and  psycho-
sis), emphasizing the point that none of these clinical categories is a  closed 
construct.

Populating the E–P–S Framework

We can already begin to populate this framework for schizophrenia at various 
levels, based on information from diverse sources. At the etiological level, we 
now know of multiple strong  genetic risk factors (Mitchell and Porteous 2011; 
Sullivan et al. 2012a), in addition to a number of loci with statistical evidence 
of association from  genome-wide association studies (Sullivan et al. 2012a) 
and a multiplicity of environmental and experiential factors identifi ed from 
 epidemiology (Tandon et al. 2008; McGrath and Susser 2009).

Currently there are at least nine specifi c recurrent  copy number variants for 
which there is compelling statistical evidence that they predispose to schizo-
phrenia with relatively high penetrance, dramatically increasing risk compared 
to the general population (Sullivan et al. 2012a). Most of these, however, are 
also associated with other clinical outcomes, including autism spectrum disor-
der, epilepsy, and intellectual disability, adding another degree of heterogene-
ity to the E–P–S framework. Schizophrenia is thus just one possible endpoint 
caused by mutations in such genes. In addition to these, many other muta-
tions have been identifi ed where the statistical evidence for association with 
schizophrenia, in particular, is not yet compelling but where the aggregate 
evidence of some neuropsychiatric manifestation, including schizophrenia 
in some carriers, is quite strong (e.g.,  DISC1,  SHANK2 and 3,  CNTNAP2) 
(Mitchell 2011a). Regardless of how many cases of schizophrenia will even-
tually be shown to be associated with such mutations of strong effect, their 
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identifi cation provides an entry point to elucidate the underlying mechanisms 
experimentally.

As an example of the value of this approach, the identifi cation of the genes 
underlying Mendelian forms of Alzheimer’s disease, including APP, preseni-
lin-1 and presenilin-2, opened an entire fi eld of biological inquiry and ulti-
mately revealed the involvement of these proteins much more generally in this 
disease (Bertram et al. 2010). We can hope for similar progress in schizophre-
nia research by following the strong leads we now have in hand. The recent 
identifi cation of strong etiological risk factors provides an opportunity to fol-
low a proven discovery path in schizophrenia research (Mitchell et al. 2011). 
It will be especially informative to compare the phenotypes in such models 
with those observed in well-characterized models generated by pharmacologi-
cal, anatomical, or environmental manipulations. Such models have proven 
extremely informative in defi ning potential pathophysiological mechanisms 
and relating them to behavioral phenotypes (see O’Donnell, this volume).

At the level of pathophysiological mechanisms, there are also a num-
ber of good leads that can be included to help generate testable hypotheses. 
Pathophysiological mechanisms can be multilayered, with molecular pheno-
types yielding synaptic and cellular alterations, which in turn drive circuitry 
and systems changes. At the molecular level, examples of leads include  inter-
leukin-6 and  oxidative  stress (Behrens and Sejnowski 2009) as well as  NMDA 
receptors (Belforte et al. 2010). At the circuit level, leads include alterations in 
GABAergic interneurons (Gonzalez-Burgos et al. 2011; Lewis et al. 2005) and 
dopamine systems (Lisman et al. 2008; Howes and Kapur 2009; Grace 2010). 
Systems pathophysiological mechanisms currently studied include alterations 
in cortical or thalamocortical oscillations (Lisman 2012; Uhlhaas and Singer 
2012) and  hippocampal-prefrontal connectivity (Sigurdsson et al. 2010).

At the level of  clinical symptoms and their behavioral correlates in animals, 
a range of well-established paradigms are available where phenotypes are con-
sistently or at least repeatedly observed across various animal models, includ-
ing genetic, pharmacological, developmental and others. These include behav-
ioral traits, such as general hyperlocomotion, increased  anxiety, and reduced 
 social interactions, as well as task- or challenge-related phenotypes, such as 
working memory defi cits, sensitivity to amphetamine, impaired  prepulse in-
hibition, and others (van den Buuse 2010; Moore 2010; Young et al. 2010). 
Again, none of these is seen in all models nor should any of them be thought of 
as an exclusive criterion of the validity of any particular model. Some of them 
can be related quite directly to human traits, tasks, or psychological constructs, 
whereas for others a direct parallel is less obvious.

The E–P–S framework includes not just the specifi c factors at each level 
but also the known or putative relationships between factors at different levels. 
These represent the links in the causal chain (or network) from each etiological 
factor to the clinical manifestation. Any one of those putatively causal arrows 
represents a specifi c hypothesis that may be directly testable with the range of 
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reagents and techniques we can now bring to bear in experimental neurosci-
ence. Such hypotheses will be most precisely and tractably defi ned between 
adjacent levels of the framework, rather than stretching to test relationships 
across distant levels, where intervening, unknown complexities may exist.

Identifying Convergent Pathogenic Mechanisms

As stated above, a major goal in the experimental modeling of the effects of 
schizophrenia risk factors is to identify points and pathways of  phenotypic 
convergence and possibly common pathophysiological states. The identifi ca-
tion of such hubs would importantly provide new potential points of therapeu-
tic intervention to reverse or compensate for a particular pathophysiological 
state that underlies one or more symptoms, or to prevent the emergence of such 
a state. A key component of such a research program is therefore to provide 
systematic comparison across multiple models in search of points of conver-
gence at various levels. 

Convergence may emerge in some cases at the level of primary cellular 
mechanisms mediated by the mutated genes. For example, several implicated 
genes, including  NRXN1 and  CNTNAP2, play a role in cellular interactions 
at the synapse (Mitchell 2011a), which may mediate synapse formation and 
activity-dependent refi nement. Members of the  SHANK, DLG, DLGAP, and 
CNTN protein families may act in similar cellular processes, possibly even 
in the same biochemical pathways (Betancur et al. 2009; Ting et al. 2012). 
Mutation of other genes, such as  DISC1 or CHRNA7, may also have an ef-
fect on synapse composition through different molecular pathways (Brandon 
and Sawa 2011; Lozada et al. 2012). Convergence on particular processes and 
pathways from analyses of multiple single-mutation models will also highlight 
potential molecular and cellular phenotypes to assess using human-derived 
cellular models, where oligogenic effects may be explored (see below).

In other cases, the primary molecular and cellular mechanisms may be very 
different, but there may be convergence at a higher level of the framework. 
For example, several models show alterations in gene expression and function 
of inhibitory interneurons in  prefrontal cortex. These include mice expressing 
dominant-negative DISC1 (Hikida et al. 2007; Shen et al. 2008) as well as 
amphetamine-sensitized rats (Peleg-Raibstein and Feldon 2008) or rats with 
prenatal or neonatal manipulations that affect prefrontal cortical and hippo-
campal development, such as the antimitotic  MAM or a  neonatal hippocampal 
lesion (Lodge et al. 2009; O’Donnell 2011). Alterations in inhibitory neuron 
markers are one of the more consistently observed differences in  postmortem 
studies of human patients and could represent homeostatic responses to reduc-
tions in pyramidal neuron activity (Gonzalez-Burgos et al. 2011).

Changes in dopaminergic signaling in  striatum and cortex are also observed 
across many models (Lipina et al. 2010; van den Buuse 2010; Seeman 2011), 
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paralleling consistent observations in human patients, including at prodromal 
stages (Howes and Kapur 2009; Howes et al. 2012a). Again, such changes 
could be induced secondarily through reactive mechanisms (Lisman et al. 
2008; Grace 2010).

At an even higher level, changes in  neural synchrony and oscillations are 
observed across several models. Neural dynamics at this scale are an emergent 
property of neuronal ensembles and may be affected by diverse insults. For 
example, a common pathophysiological state at the level of neuronal popula-
tions can emerge due to quite distinct effects at the single neuron level of vari-
ous psychotomimetic drugs with different modes of action (Wood et al. 2012). 
Synchrony of neural oscillations may enable communication within and across 
regions that underlie various aspects of  cognition,  perception, and behavior. 
Defects in  hippocampal-prefrontal cortex synchrony have been observed in 
animals modeling the  22q11 deletion (Sigurdsson et al. 2010), in animals that 
received a  neonatal hippocampal lesion (Lee et al. 2012), and in animals sub-
ject to maternal  immune activation in utero (Dickerson et al. 2010, 2012). Such 
changes correlate with defects in  working memory and parallel observations in 
humans (Meyer-Lindenberg et al. 2001).

Although many details of the causal chains of events remain to be elucidat-
ed, these examples illustrate the kinds of explanation that might emerge within 
this framework and suggest specifi c and testable hypotheses at multiple levels. 
Importantly, more selective experimental manipulations in models present the 
opportunity to move beyond observational approaches and correlations to test 
causality directly across levels. For example, transgenic animals lacking a par-
ticular protein only at some stages or only in some cell types or regions provide 
tremendously powerful reagents to causally link specifi c cellular phenotypes to 
specifi c pathophysiological outcomes. 

Sources of Phenotypic Variability

In considering the relationship between any  genotype and an associated pheno-
type, it is important to consider not just the starting and ending positions, but 
also the developmental trajectory which connects them. This is especially rel-
evant for the study of schizophrenia, where we know that  phenotypic hetero-
geneity is high among carriers of the same mutation and even between  mono-
zygotic  twins. How such variable expressivity might manifest in inbred mouse 
lines is an open question and an important one to keep in mind. Phenotypes 
may change on different genetic backgrounds, so a profi le observed in one 
strain may not represent a ground truth.

The eventual phenotype may also be affected by  environmental risk factors 
or experience and  stress. Animal models provide a powerful platform to test 
for such effects, especially using animals that may have been sensitized by a 
“fi rst hit,” such as a predisposing genetic mutation (Oliver 2011). Incorporating 
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possible interactions between  genetic and  environmental risk factors into  ani-
mal  modeling will be an important goal within this framework.

Another important source of variability may be far harder to control or 
study, however, and that is chance. The processes of neural development are 
incredibly complex, involving the activities of thousands of different molecu-
lar components. These processes are sensitive to what engineers call “noise”: 
random thermal fl uctuations at the molecular level which affect gene expres-
sion, protein interactions, and other molecular activities on a moment-to-mo-
ment basis (Eldar and Elowitz 2010). Such noise can affect the outcome of de-
velopmental processes, which can readily be observed at the neuroanatomical 
level as a probabilistic expression of cellular phenotypes across a population 
of cells (Raj and van Oudenaarden 2008). When this randomness is played out 
independently across the brain, it can lead to variation on a macro scale and 
variation in concomitant physiological and behavioral phenotypes (Mitchell 
2007). For example, while the tendency to develop  epilepsy is very strongly 
 heritable, the precise type and anatomical focus of seizures are much less so 
(Corey et al. 2011). These parameters are far more affected by randomness in 
developmental outcome. One could certainly imagine how a similar scenario 
played out across other brain circuits could account for some of the variabil-
ity in presentation in schizophrenia (Woolf 1997; Singh et al. 2004; Mitchell 
2007). In animal studies, this variability could be a problem when phenotypes 
are compared across groups of animals. Alternatively, it could be leveraged by 
studying individual animals in greater detail, allowing correlation of the sever-
ity of defects across levels.

Pleiotropy and Cascading Effects

It is interesting to consider the possible relationships between different pheno-
types observed in particular mutants. Co-occurrence of particular behavioral 
phenotypes could refl ect

• a defect in a single underlying neural system on which they both rely,
• the independent expression of a single type of defect in multiple re-

gions of the brain, or
• multiple mechanisms that are independently affected by mutation of 

the gene ( mechanistic pleiotropy).

For example, an alteration in dopamine-mediated signal  transduction can in-
fl uence multiple cognitive functions, such as  attention and working memory, 
 stress reactivity,  reward and  motivational processing, and goal-directed move-
ment (Howes and Kapur 2009; Stephan et al. 2009; Fletcher and Frith 2009).

It is also possible that a single type of defect arises in multiple parts of 
the brain, with diverse consequences. For example, we can hypothesize that a 
defi cit in  visual contour recognition observed in some patients may refl ect an 
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alteration in microcircuitry within the primary visual cortex (Butler and Javitt 
2005). The identical microcircuit alteration in the prefrontal cortex, however, 
might alter  synchrony of neural ensembles and also functional coherence with 
the  hippocampus, thus causing a defect in working memory.

An alternative scenario is that a particular gene may be involved in quite 
different cellular processes in different contexts, including in tissues outside 
of the brain, and pleiotropic effects may arise through very different cellu-
lar mechanisms.  DISC1 is a prominent example because it interacts with a 
wide range of proteins in various cellular processes (Soares et al. 2011). This 
kind of  mechanistic pleiotropy is obviously even more likely when the effects 
of  copy number variants are considered, where multiple genes are deleted or 
duplicated.

Many phenotypic effects will also be very indirect due to cascading effects 
of the primary cellular pathology. For example, alterations in cell migration or 
synapse formation will necessarily change future patterns of electrical activity, 
indirectly altering the activity-dependent refi nement of circuitry that occurs 
at later stages and in other brain areas (Ben-Ari 2008; Ben-Ari and Spitzer 
2010). This raises an important point when considering why it is that mutations 
in so many different genes may lead to quite similar and specifi c phenotypic 
outcomes. One possibility is that the convergence represents a property of the 
developing brain itself, in the way it reacts to a wide range of primary insults 
(Mitchell 2011b; Lisman 2012). It may not be the crime but rather the cover-up 
that does the damage.

For example, a lesion to the ventral hippocampus in early postnatal animals 
alters the development of cortical circuits, resulting in an  excitation-inhibition 
balance that emerges during adolescence and a change in dopaminergic tone 
in the developing  striatum and cortex (O’Donnell 2011). In turn, homeostatic 
synaptic mechanisms react to this change by altering the levels of  dopamine re-
ceptors, which is thought to result in subcortical hyperdopaminergic state that 
may mimic aspects of psychosis. Such a “common pathway” may thus emerge 
as an active reaction to a range of insults, rather than the endpoint of a passive 
propagation of cascading effects.

 Modeling the Time Course of Schizophrenia

An important and defi ning aspect of schizophrenia is the typical time course 
of the emergence and progression of the illness. Although subtle, quantitative 
differences in behavior can be seen early in life, most patients are typically 
without signifi cant symptoms until  early  adolescence. At that time, typically 
between 12 and 18 years of age, a prodromal phase is often seen, characterized 
by a decline in social, cognitive, and educational performance. Progression to 
frank psychosis typically occurs in  late  adolescence to  early adulthood. This 
time course is a unifying theme which cuts across much of the diagnostic and 
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phenomenological heterogeneity of schizophrenia, pointing to the adolescent 
period as a crucial factor in the  pathogenesis of schizophrenia.

There are a number of distinct and testable hypotheses to explain why 
schizophrenia typically manifests in  adolescence:

1. It refl ects a neurodegenerative process with a time course that coin-
cides with adolescence.

2. Changes in some hormone levels directly induce symptoms in a vulner-
able brain.

3. There is abnormal development of brain structures that are not fully 
online at early stages and which cause defects when integrated later.

4. Ongoing developmental processes in the adolescent brain are directly 
affected by the etiological factors and go awry at that time period.

5. Normal cellular processes of maturation reveal a latent circuit-level 
defi cit due to initial differences.

Given the conservation of physiological changes during adolescence,  animal 
models offer the means to distinguish these hypotheses. In particular, it is im-
portant to test whether these processes are aberrant in situations predisposing 
to schizophrenia and to examine the interaction between processes of matura-
tion and primary phenotypic effects.

Adolescence is characterized by a host of coordinated changes in various 
structural and neurochemical parameters, including synaptic pruning, ongoing 
myelination, and changes in the expression of various neurotransmitter recep-
tor subunits (Sturman and Moghaddam 2011). In humans, imaging data re-
vealed that cortical thickness in the  prefrontal cortex acquires adult profi le  late 
in adolescence (Shaw et al. 2006a), and cortical oscillations exhibit dramatic 
changes during this period (Uhlhaas et al. 2009). Furthermore, the activation of 
 reward and cognitive systems also matures during adolescence (Galvan 2010; 
Casey et al. 2010). These processes appear largely conserved across mamma-
lian species and may be driven by a diverse set of neurobiological phenomena 
which are also known to mature during adolescence. These include changes in 
the density of prefrontal  dopamine innervation (Rosenberg and Lewis 1995) 
and dopamine receptors (Brenhouse et al. 2008), functional changes in the 
modulation of  excitation-inhibition balance (Tseng and O’Donnell 2007) and 
processing of salient events by prefrontal cortex (Sturman et al. 2010) and  stri-
atum (Sturman and Moghaddam 2012). Thus, when using the  E–P–S frame-
work in schizophrenia models, it is critical to consider developmental aspects 
including those which take place during adolescence.

In addition to explaining the typical age of onset, longitudinal studies of 
animal models may be used to parallel studies of high-risk, prodromal, fi rst-ep-
isode, and chronic schizophrenia patients. The development of powerful small-
animal neuroimaging methods offers the means to follow the same individual 
animals over time with a technique that provides data directly comparable to 
that from human patients.
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Using these approaches we may be able to map the timing of effects of dif-
ferent genes, the emergence of specifi c pathophysiological phenotypes, and the 
correlated emergence of behavioral phenotypes relevant to clinical domains 
(Figure 13.3). Thus, looking across the temporal domain offers another route 
to dissect the heterogeneity across levels. 

Incorporating Computational Models into the Framework

Making sense of a framework that incorporates data across such disparate lev-
els of analysis, from a large number of different models and experimental in-
vestigations, requires computational methods and can be greatly informed by 
computational theories. In particular, understanding the emergent properties 
of cells, synapses, microcircuits, or brain systems is essential to interpret how 
changes to specifi c components yield specifi c phenotypes. The study of neural 
dynamics offers a particularly promising tool (see Durstewitz and Seamans, 
this volume). 

Dynamical properties of biophysical/biochemical systems, such as  attractor 
states, oscillations or  synchrony, arise from the nonlinear interactions among 
its many constituent components (e.g., molecules or cells), and may provide 
specifi c links between the neural “hardware” and the “software” level (cogni-
tion, behavior). For example, the activity of fast-spiking, parvalbumin-positive 
interneurons is known to drive the synchronous oscillations of local ensembles 
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Figure 13.3 The E–P–S framework across the life span. Different etiological fac-
tors may come into action at different points in time (e.g., prenatal development, early 
postnatal critical periods, or during maturational processes of adolescence) and may 
give rise to interacting or independently acting pathophysiological mechanisms. Dis-
tinct pathophysiological sequelae may thus arise at different ages, with the subsequent 
emergence of clinical symptoms with a specifi c course. These distinct developmental 
trajectories, which lead to the emergence of pathophysiological states and behavioral 
symptoms, can be investigated discretely or collectively in accordingly designed ani-
mal models.
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of pyramidal cells within the  gamma frequency range (Cardin et al. 2009). 
These   gamma oscillations and the associated  synchrony in the spiking activ-
ity of neurons have, in turn, been linked to specifi c behavioral, cognitive, and 
perceptual functions by providing a basis for the neural coding of perceptual 
or mental objects (Uhlhaas and Singer 2012). Thus, through these dynami-
cal mechanisms, genetic or molecular factors which interfere with the nor-
mal functioning of fast-spiking interneurons may lead to disorganization of 
cortical representations, and consequently to some of the symptoms observed 
in schizophrenia. Durstewitz and Seamans (this volume) describe another ex-
ample; namely, how alterations in dopaminergic receptors may lead to changes 
in prefrontal cortical “ attractor landscapes” with consequences for behavioral 
fl exibility and information maintenance. 

Thus, such a computational and neurodynamical framework may allow pre-
diction of the effect of a mutation in some specifi c gene on neural dynamics 
at various scales, which in turn will have specifi c implications for behavioral 
and cognitive functions. It is important to note, however, that inferences in 
the reverse direction are much more diffi cult; given a particular behavioral 
difference, there will usually be a number of potential neurodynamical candi-
date mechanisms compatible with it. Even more limiting, a rather large variety 
of changes in one or more molecular components may have the same con-
sequences for neural dynamics, making the backward inference from neural 
dynamics to underlying molecular cause extremely hard, if not impossible.

One current limitation for computational models is that many biologically 
important parameters or their statistical distributions may still be unknown or 
not suffi ciently described. Filling in these blanks and using them to generate 
more hypotheses is thus an important research goal that will require an itera-
tive and ongoing dialog between experimental and computational biologists. 
Ultimately, the detailed computational models of the systems involved will 
provide a powerful discovery engine for screening in silico through large ar-
eas of parameter space to identify potential molecular targets for therapeutic 
intervention.

The Promise of Human Cellular Models 

A major diffi culty in investigating the cellular correlates of a specifi c mutation 
in humans is that the cell types one is most interested in (neurons and glia) are 
inaccessible. A number of new technologies provide the means to derive neural 
lineage cells from human patients or carriers of specifi c mutations (Wilson and 
Sawa, this volume; Table 13.1). Many different molecular and cellular param-
eters of these cells can be characterized in vitro, including gene expression 
patterns, morphology, dendrite and axon extension, as well as  synaptic connec-
tivity. Derived neural cells can also be injected into animal brains to examine 
neuronal migration, synaptic integration, and other properties. Comparison of 
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these parameters across various primary mutations may  cellreveal  phenotyp-
ic convergence in some cases at the proximal level of particular biochemical 
pathways or cellular processes.  

The ability to derive such neural cells will provide the unprecedented op-
portunity to examine the possible molecular and cellular pathology associated 
with specifi c patient  genotypes in individuals who are also characterized at 
clinical, neuroimaging, psychological, and genetic levels. Such investigations 
will be even more powerful when derivations can be integrated with data from 
similar analyses in animals with the cognate primary genetic lesion.

In addition to characterizing and comparing the cellular effects of identifi ed 
mutations, derived neural cells provide a platform for discovering and dissect-
ing genetic etiology. Gene expression differences may highlight strongly del-
eterious mutations in cases where genome sequencing provides a long list of 
potentially causal candidates, for example. Perhaps more importantly, derived 
neural cells offer the means to assess the effects of a mutation in the context of 
the entire genotype of an individual. So far, all of the mutations identifi ed as in-
creasing risk of schizophrenia show incomplete penetrance and highly variable 
expressivity, manifesting in diverse ways across individual carriers. Genetic 
modifi ers are very likely to have large effects on the phenotypic expression of 
any particular mutation but could act at very different levels. Comparing cel-
lular phenotypes in cells derived from patients with a specifi c mutation versus 
healthy carriers of the same mutation could reveal genetic background effects 
at the level of a particular molecular or cellular phenotype. Alternatively, it 
might suggest that they come into play at a higher level, in how the system 
reacts to earlier developmental differences.

Table 13.1 Overview of current methods used to derive neurons from human tissue 
samples. Depending on the experimental question, the scale of the investigation, and 
other logistical considerations, different methods may be optimal under different cir-
cumstances.

Method Advantages Disadvantages
Derivation of iPS cells 
and differentiation into 
neural cells

• Can be expanded for any number of 
analyses

• Protocols are improving; should 
allow more standardized, systematic 
analyses of the effects of different 
mutations or high-risk genotypes

• Expensive and time 
consuming

Direct  conversion of 
fi broblasts to neural 
cells

• Is cheaper and faster • Does not generate a 
permanent, expand-
able bank of stem 
cells

Olfactory epithelium 
biopsy to obtain neural 
cells

• Does not require genetic manipula-
tion of the cells

• Does not use differentiation protocols

• Only obtains olfac-
tory neurons 
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There may also be many cases where multiple mutations are involved in 
 pathogenesis (e.g., Girirajan et al. 2012). Though these may be diffi cult to 
identify and probably impossible to model directly in animals, the molecular 
pathways and cellular processes affected by such high-risk genotypes could 
still be investigated in cells derived from human patients.

Summary

Our ultimate goal is to increase understanding of the neurobiological underpin-
nings of all aspects of schizophrenia—etiology, pathogenesis, pathophysiology, 
and  symptomatology—so that new therapeutic targets or points of intervention 
can be rationally identifi ed to break the deadlock in  treatment development for 
this devastating disorder. However, the heterogeneity of schizophrenia pres-
ents a huge obstacle.

To address this, we developed the  Etiology–Pathophysiology–Symptoms 
framework as an overarching heuristic to guide experimental modeling of 
various aspects of schizophrenia. Rather than trying to overspecify criteria for 
validity of any particular preparation, experimental assay, or phenotype, the 
E–P–S framework embraces heterogeneity at etiological, pathophysiological, 
and clinical levels.

The point of generating models is not to recreate an entire disease state but 
to test specifi c hypotheses experimentally. In addition to well-characterized 
nongenetic models, the growing number of identifi ed high-risk genetic lesions 
offers a proven discovery pathway to elucidate pathogenic mechanisms and 
provides explanatory links from molecular and cellular phenotypes to dysfunc-
tion of neural networks and brain systems underlying specifi c symptoms.

Given the very high degree of etiological heterogeneity, the identifi cation 
of points or pathwa ys of  phenotypic convergence at the level of pathophysiol-
ogy remains a major goal to be achieved. This will require systematic com-
parison across many different models and integration across levels of analysis. 
Fortunately, the tools to follow up on strong etiological entry points are now 
available, especially in terms of our capacity to analyze phenotypes at multiple 
levels in individuals, both in animals and humans.
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Why Kraepelin Was Right
Schizophrenia as a Cognitive Disorder

René S. Kahn

Abstract

Classifi cation of schizophrenia as a psychotic disorder has greatly inhibited progress in 
understanding and treating the disorder, as cognitive underperformance lies at the core 
of schizophrenia. Cognitive function is an important determinant of global  functional 
outcome. This chapter reviews evidence in support of the view that schizophrenia is a 
 cognitive disorder. Risk factors, cognitive decline, and developmental trajectories are 
discussed, and the consequences of considering schizophrenia a cognitive instead of a 
psychotic disorder are explored. It is proposed that development of effective treatments 
needs to focus on the cognitive aspects of the disorder.

Introduction

Schizophrenia is currently  classifi ed as a psychotic disorder; be it DSM or 
ICD,  schizophrenia is defi ned by its psychotic symptoms. This chapter will 
attempt to show that this emphasis on psychosis is not only a fallacy, it is an er-
ror that has greatly contributed to the lack of progress in our understanding of 
this illness and hence has hampered the development of adequate treatments. 
Indeed, prognosis of schizophrenia may not have changed substantially since 
the introduction of  chlorpromazine over fi fty years ago, and some argue it has 
not meaningfully improved since the illness was fi rst described (Hegarty et al. 
1994). One of the reasons may be that the focus on psychosis has obscured 
the obvious: schizophrenia is not a psychotic disorder; it is a cognitive illness.

Obviously, this notion is not new. When  Kraepelin fi rst delineated the disor-
der in 1893 he named it “ dementia praecox” for a good reason: he considered 
the illness to be a cognitive one. Indeed, when Kraepelin fi rst described the 
disorder in the fi fth edition of his Lehrbuch, his description begins with the 
observation of slow (occasionally rapid) cognitive decline that he typically 
found in his patients during  adolescence (Kraepelin 1896). In his opinion, the 
hallmark of the disorder is a decrease in  intellectual performance that begins 
almost a decade before the onset of psychosis and continues for many years 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109403/9780262314602_c001500.pdf by guest on 02 January 2024



228 R. S. Kahn 

thereafter. In fact, only after elaborating on this aspect of the illness for seven 
pages does he mention the presence of psychotic symptoms.1  Kraepelin, of 
course, was not the only preeminent psychiatrist who considered  psychosis 
to be a secondary or associated part of the illness.  Bleuler (1911/1950), who 
coined the term “schizophrenia,” viewed  delusions and  hallucinations as ac-
cessory symptoms as well; the core of this illness was determined by distur-
bance in affect,  cognition (associative thinking), social interaction ( autism), 
and  volition (ambivalence).

Our current state of knowledge supports Kraepelin’s notion of schizophre-
nia as a cognitive disorder for several reasons. First,  low  intelligence is a  risk 
factor for schizophrenia. Second, cognitive decline and intellectual underper-
formance precede the onset of psychosis by many years. Third, decline in  cog-
nitive functioning continues after psychosis onset. Fourth, although cognitive 
underperformance prior to psychosis has not defi nitively been shown to be spe-
cifi c to schizophrenia, it does distinguish it from the “other” major psychotic 
illness ( bipolar disorder). Finally, cognitive underperformance is an important 
predictor of general  functional  outcome in schizophrenia.

Low IQ as a (Genetically Mediated) Risk Factor

Low intelligence and intellectual underperformance have consistently been 
shown to constitute risk factors for the development of schizophrenia. A re-
cent meta-analysis of 12 studies in population-based cohorts and nested case 
control studies, which included over 4,000 cases and more than 700,000 con-
trols, found that low IQ increases the risk for developing schizophrenia in a 
dose-response fashion (with an effect size of 0.43): every point of decrease 
in IQ raised risk by 3.7% (Khandaker et al. 2011). A separate meta-analysis 
conducted by Dickson et al. (2012), which partially overlapped with the study 
by Khandaker et al. (2011), included only those studies which assessed partici-
pants aged 16 years or younger; Dickson et al. also found that low IQ increased 
the risk for schizophrenia, with an effect size of about 0.5. Interestingly, in this 
meta-analysis, risk was already evident by age 13, that is, many years prior to 
the onset of psychosis. 

A different, but relevant indicator of intellectual underperformance—scho-
lastic achievement—is also related to an increased risk of developing schizo-
phrenia. In a nationwide cohort of Swedish individuals,  school performance at 
age 16 was inversely related to the risk of developing schizophrenia in a dose-
response fashion. Children who received the lowest grades had a fourfold risk 

1 In subsequent printings of the Lehrbuch, Kraepelin greatly expands on the description of this 
syndrome, eventually separating it into hebephrenic, katatonic, and paranoid subtypes. Even 
though psychotic features (e.g., hallucinations and delusions) gain prominence in the paranoid 
and katatonic subtypes, the hallmark of the disorder remains the cognitive decline during ado-
lescence.
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of developing the illness. Interestingly, repeating a school year (which occurs 
in some European countries when grades are insuffi cient) carried the highest 
risk: a hazard ratio of 9 (MacCabe et al. 2008).

Some of this risk may be, at least in part, related to the genetic risk of devel-
oping schizophrenia. Population-based studies in fi rst-degree family members, 
as well as data obtained from selected samples and twin studies, all suggest 
that low IQ is related to the genetic risk of developing the illness (Aukes et al. 
2009). In fact, it has been suggested that a substantial portion of the phenotypic 
correlation between schizophrenia and cognition is caused by shared genetic 
effects (Toulopoulou et al. 2010). 

Cognitive Decline Prior to Onset of Psychosis

Although low IQ is a robust risk factor for schizophrenia, it is unclear whether 
low IQ is present at birth or is the result of a relative developmental decline in 
IQ that occurs at some point in time prior to the onset of psychosis (or both). 
Unfortunately, only a few studies have addressed this cardinal issue. One study 
compared childhood scholastic test performance in Iowa (the Iowa State tests 
of basic skills and educational development was used) from 70 subjects who 
later went on to develop schizophrenia with the population average. This scho-
lastic test is administered to all children across the state of Iowa in grades 4, 
8, and 11 (corresponding to the ages 9, 13, and 16) to assess fi ve cognitive 
domains. Although the (prospective) patients did not differ from the State av-
erage at ages 9 and 13, they underperformed signifi cantly at age 16 (with an 
effect size of around .35); this underperformance was most pronounced on 
language skills (Fuller et al. 2002). These results suggest that intellectual per-
formance declines between the ages of 13 and 16 in individuals who go on to 
develop schizophrenia. 

Retrospectively, we compared a robust and objective measure of high 
school performance (defi ned as “doubling” or repeating a grade, a mandatory 
measure in the Dutch schooling system when grades fall below a certain stan-
dard) in a sample of over 80  twins (MZ and DZ) discordant for schizophrenia 
with that of a matched sample of healthy twins. Not only did the twin who 
went on to develop schizophrenia underperform his or her unaffected co-twin 
in 90% of cases, this underperformance was evident at age 13 and preceded the 
onset of the fi rst psychosis by an average of nine years (Van Oel et al. 2002). In 
a fully prospective study, Reichenberg et al. (2010) used data from the  Dunedin 
birth cohort, where cognitive performance was tested at ages 7, 9, 11, and 13; 
fi nal symptomatic follow-up was then conducted at age 32. Not only did the 
35 subjects who went on to develop schizophrenia underperform their healthy 
cohort controls at all measurement points, they started to lag further behind 
their peers between the ages of 7 to 13 (Reichenberg et al. 2010). In short, these 
studies not only suggest that children who will go on to develop schizophrenia 
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progressively underperform their healthy peers, but that this (relative) decline 
in intellectual performance starts early in adolescence, years prior to the onset 
of psychosis.

Cognitive Function after Onset of Psychosis

Numerous studies have assessed global (or specifi c aspects of) intellectual 
functioning in schizophrenia once diagnosis is established, fi nding IQ to be 
about 2 standard deviations (SD) lower than age-matched controls (e.g., Keefe 
and Fenton 2007). Interestingly, only about 20% of the schizophrenia popula-
tion can be considered to have an unimpaired IQ, defi ned as being less than 
1 SD below the normal mean (Keefe and Fenton 2007). However, even this 
group may have a lower IQ than would be expected on the basis of the level 
of education in their respective families. Indeed, as Keefe et al. (2005) show, 
IQ in schizophrenia patients is lower than would be expected on the basis of 
the level of their mothers’ education. This suggests that IQ may well be lower 
in all patients, certainly when compared to their (genetic and environmental) 
intellectual potential. However, the decrease in IQ does not indicate when the 
decline begins. As indicated, some of it occurs prior to the onset of psychosis, 
but does this decrease in IQ continue once psychosis is established? Since the 
degree of cognitive impairment of 2 SD in patients is (much) larger than the 0.5 
SD observed in individuals prior to psychosis onset (Woodberry et al. 2008), it 
is highly likely that IQ continues to decline after psychosis sets in.

Although a considerable number of studies have examined intellectual func-
tioning in patients with established schizophrenia over time, many are impos-
sible to interpret. This is because most studies that have assessed IQ over time 
failed to include a healthy control group, so that effects of practice cannot be 
ruled out (Goldberg et al. 2007, 2010). In fact, very few studies have included 
healthy controls in their assessment of IQ change in schizophrenia over time. 
In a recent meta-analysis (Hedman et al. 2013), which summarizes data from 
eight studies (including 280 patients and 306 healthy controls), we conclude 
that IQ increases signifi cantly less in patients over time (0.33 points) than it 
does in healthy controls (2.1 points), resulting in an effect size for (relative) 
cognitive decline of .48. Thus, although the number of studies and subjects 
attests to the lack of well-designed studies that examine cognitive change in 
schizophrenia, available results suggest that intellectual performance contin-
ues to decline after the onset of psychosis in schizophrenia.

Specifi city of Cognitive Decline

Although the specifi city of cognitive decline in schizophrenia has hardly been 
studied, it appears that cognitive dysfunction—at the very least prior to the 
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onset of psychosis—distinguishes it from the other major psychotic illness 
(i.e., according to current classifi cation systems): bipolar disorder. Although 
the number of studies that examine cognition prior to the onset of  bipolar 
disorder is more limited than those in schizophrenia, a consistent pattern has 
emerged: low IQ constitutes a risk factor for schizophrenia, but it does not in 
bipolar illness. Using data from the Israeli Draft Board, where IQ was assessed 
in adolescents, those who were later hospitalized for bipolar disorder did not 
differ in intellectual performance from the normal population (Reichenberg 
et al. 2002). Similarly, data from Swedish (Zammit et al. 2004) and Danish 
(Sørensen et al. 2012) draft boards suggest that draftees who later go on to be 
hospitalized for bipolar disorder do not differ signifi cantly in IQ from healthy 
individuals. In fact, a recent study in over one million Swedish men found 
that  high intelligence carried a 60% increased risk (HR 1.59) for later hospi-
talization for bipolar disorder, at least in those without comorbidity (Gale et 
al. 2013). Consistently, in a study examining school grades from all Swedish 
schoolchildren between 1988 and 1997, individuals with excellent school per-
formance had an almost four times higher risk of developing bipolar illness 
compared to those with average grades (MacCabe et al. 2010). Clearly, low IQ 
is not a risk factor for bipolar illness.

The issue of whether a decline in cognitive function precedes the onset of 
bipolar disorder has not been addressed in population-based studies. However, 
we conducted a study in MZ and DZ  twins discordant for bipolar disorder, 
similar in design to the study mentioned earlier in schizophrenia (Van Oel et 
al. 2002). In contrast to the discordant schizophrenia twins, in this study we 
found that the discordant bipolar twin pairs only showed a temporary decline 
in functioning, and over the longer term did not underperform the healthy con-
trol twins. In addition, in contrast to what we found in schizophrenia, the twin 
who went on to develop bipolar disorder did not do worse in school than his or 
her unaffected co-twin (Vonk et al. 2012).

Similarly, at illness onset, patients with bipolar disorder, in contrast to those 
with schizophrenia, do not appear to perform worse than healthy controls. In a 
study by Zammit et al. (2004), which examined this issue, recent onset bipo-
lar disorder or mania patients performed signifi cantly better than fi rst-episode 
schizophrenia patients on a broad variety of cognitive tests and only under-
performed healthy individuals on two of the sixteen subtests: delayed  verbal 
memory and  category fl uency. Consistent with the studies reviewed above, 
the estimate of premorbid intellectual functioning was normal in the bipolar 
group and decreased in the schizophrenia patients (Zanelli et al. 2010). Finally, 
a meta-analysis of cognitive functioning in patients with established illness 
showed that those with bipolar disorder perform signifi cantly better than pa-
tients with schizophrenia in almost all cognitive domains, with an effect size 
of around 0.5. This difference was found for actively ill patients as well as for 
those in  remission (Krabbendam et al. 2005). Taken together, the evidence 
strongly suggests that low IQ, cognitive underperformance during adolescence 
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as well as at fi rst presentation of psychosis differentiates schizophrenia from 
bipolar disorder.

Cognitive Dysfunction as Predictor of General  Outcome

The central role of cognitive dysfunction in schizophrenia is solidifi ed by am-
ple evidence that cognitive function is an important determinant of global  func-
tional outcome. Although some studies suggest this aspect of the disorder is the 
strongest predictor of outcome (Bowie et al. 2006), others fi nd that cognitive 
function is independently, but not necessarily predominantly, predictive of out-
come (Mohamed et al. 2008). At any rate, cognitive dysfunction in schizophre-
nia is unaffected by current pharmacotherapy, which for schizophrenia is al-
most entirely based on the use of antipsychotic medication. These drugs, which 
essentially have not been pharmacologically altered since the introduction of 
 chlorpromazine over half a century ago, are indeed effective  antipsychotics. 
However, despite many claims to the contrary, none of these compounds have 
proven effective in improving cognition in schizophrenia to any meaningful 
degree. Numerous studies have examined the effect of fi rst- and second-gener-
ation antipsychotics on cognitive function in schizophrenia. Although several 
studies claim improvement in some specifi c subtests, global cognitive change 
in large comparative studies in fi rst-episode and chronic schizophrenia rarely 
reaches an effect size of over 0.3. A meta-analysis of fi rst-generation antipsy-
chotics found an effect size of 0.22 (Mishara and Goldberg 2004), whereas 
more recent studies that directly compare fi rst- and second-generation antipsy-
chotics have not found differential effects of these drugs with effect sizes of 
around 0.3 (Keefe et al. 2007; Davidson et al. 2009). However, even this small 
effect is likely to be no more than practice-related: when healthy individuals 
are included in the trial design, their improvement on the same tests that are 
administered to the patients is of a similar effect size as that observed in the 
patients (Keefe et al. 2008, 2011a). Thus, although cognitive dysfunction is 
central to outcome in schizophrenia, current pharmacological treatment does 
not appear to ameliorate it. More promising may be efforts which combine 
cognitive interventions with  rehabilitation programs (Zanelli et al. 2010).

Conclusion

Cognitive underperformance is at the heart of schizophrenia. It constitutes 
a ( genetic) risk factor, precedes the onset of psychosis by many years, con-
tinues to worsen after psychosis is established, and determines outcome. 
Underperformance is broad, evident, and relevant, expressed throughout school 
in the years prior to the onset of the fi rst psychosis. This underperformance at 
school constitutes one of the highest hazard ratios found for schizophrenia, 
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only surpassed by the risk of having a sibling with the illness. Although  low 
IQ at primary school may already constitute a risk factor for schizophrenia, a 
(further) decline in global cognitive functioning most likely occurs in early pu-
berty, preceding the onset of psychosis by almost a decade. This decline does 
not halt once the psychosis develops, but appears to progress even further, un-
stopped by current (pharmacological) treatment methods. Whether this process 
of cognitive decline prior to psychosis onset is specifi c to schizophrenia has 
not been well studied, but it has not been found in bipolar disorder. 

What are the consequences of considering schizophrenia primarily and fore-
most a cognitive instead of a psychotic disorder? First, cognitive decline prior 
to the onset of psychosis (in most cases retrospectively established) should 
be part of the diagnosis. This (under)performance should be particularly evi-
dent when compared to the intellectual performance of parents and siblings. 
Second, treatment of cognitive defi cits should be central to any guidelines, 
and are not at present. Third, the whole concept of schizophrenia as an illness 
which presents with psychosis should be discarded: schizophrenia presents 
with cognitive decline. Fourth, the age of onset of schizophrenia is probably a 
decade earlier than we now assume.

As proposed in this chapter, schizophrenia is an illness that starts (at least) in 
 early  adolescence, around the age of 12–14 years, and is accompanied by a de-
cline in global cognitive functioning relative to healthy peers. As  Kraepelin so 
aptly stated (Kraepelin 1896): Je weiter sie aber fortschreiten, desto schwerer 
wird es ihnen mit ihren Kameraden Schritt zu halten (the more they [affected 
individuals] continue, the more diffi cult it is for them to keep up with their 
peers). This perspective implies that early recognition and prevention programs 
which focus on (brief and intermittent) psychotic symptoms happen too late in 
the disease process and, more importantly, fail to address the core aspect of the 
illness. Indeed, much of the social damage has already occurred once the psy-
chosis fi nally manifests itself, in  late  adolescence or young  adulthood: a person 
may have dropped out of school, lost friends, or failed to reach his full poten-
tial. Clearly, we have been focusing on the wrong  risk phenotype: being prone 
to  psychosis may not constitute the highest risk of developing schizophrenia, 
but rather the propensity to cognitive decline or intellectual stagnation during 
adolescence. Just like psychosis (Verdoux and van Os 2002), this phenotype 
will most likely be much more prevalent in the general population than we now 
consider it to be. It may be present in many individuals who will not go on to 
develop psychosis, let alone schizophrenia. Thus, to understand the genetic 
and environmental infl uences that lead to schizophrenia, we need to study the 
interaction between the (genetically mediated) cognitive underperformance 
during adolescence, and the environmental (and genetic) factors that determine 
why some of these individuals will eventually develop schizophrenia.

It may be that the boundaries of the disorder that are characterized by pro-
gressive cognitive decline prior to and after the onset of psychosis are narrower 
than those of the illness now defi ned as schizophrenia. It may be that even 
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within that (sub)type, various causes will be identifi ed. What is completely 
clear, however, is that by defi ning  schizophrenia as a psychotic disorder, we 
have done our patients a disservice. Putting the focus back on cognition may 
facilitate the search for a cure for the illness that we should, for lack of any 
better term, have called Kraepelin’s Disease.
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What Will the Next 
Generation of  Psychosocial 

Treatments Look Like?
Kim T. Mueser

Abstract

This chapter defi nes the broad range and scope of psychosocial treatments for schizo-
phrenia (also called psychiatric rehabilitation) and discusses how new conceptualiza-
tions of recovery from mental illness, which emphasize meaning and purpose in life 
over a narrow focus on symptom  remission, have shaped the nature and delivery of 
 services. Substantial progress in psychosocial treatment has been made over the past 
several decades; rigorous controlled and replicated research has demonstrated the ef-
fectiveness of a variety of interventions, including  contingent reinforcement,  family 
intervention,  supported  employment,  cognitive behavioral therapy,  cognitive remedia-
tion, illness  self-management training, and  social skills training. Despite this progress, 
most of these services are not available in routine care. Obstacles to disseminating 
psychosocial treatments are considered, including insuffi cient training of  professionals 
prior to entering the workforce and the need for more research on the science of imple-
mentation. Recommendations for improving the quality of psychosocial interventions 
include targeting  predictors of response to  treatment, evaluating the critical components 
or mechanisms underlying effective programs, improved precision of   goal setting and 
monitoring  outcomes to facilitate individual tailoring, and training of clinicians across 
the range of effective treatments to maximize the creative use of clinical expertise.

Introduction

The past four decades have witnessed an unprecedented growth in the develop-
ment and evaluation of psychosocial treatments of schizophrenia. By the late 
1960s, research on the  token economy demonstrated that grossly impaired psy-
chosocial functioning in long-term psychiatric inpatients could be improved 
through contingent reinforcement (Ayllon and Azrin 1968; Paul and Lentz 
1977), and in the 1970s, the rudiments of systematic skills training approaches 
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to  rehabilitation for schizophrenia were refi ned, followed by a growing array 
of curricula (Liberman et al. 1986). In the 1980s, several models of  family in-
tervention were developed and shown to be effective (Falloon et al. 1985; Leff 
et al. 1985), and in the 1990s, supported employment was standardized and 
shown to improve competitive work outcomes in controlled research (Drake 
et al. 1996, 1999).

Despite these advances, concerns have been raised that little progress has 
been made in the treatment of schizophrenia over the past century (Insel 2009). 
What accounts for the apparent discrepancy in perspectives on the outcome 
of schizophrenia, and what are the implications for the future of psychosocial 
treatment? This chapter seeks to address these issues and to suggest promising 
directions for the development of more effective psychosocial interventions. 
Following a discussion of the defi nition and scope of psychosocial treatment, 
the current state of knowledge of psychosocial treatment for schizophrenia is 
reviewed, including empirical support for interventions and issues related to 
implementation and dissemination. The chapter concludes with suggestions 
for improving the effectiveness of psychosocial treatment.

Defi nition and Scope of Psychosocial Treatment

In this chapter, the terms psychosocial treatment and  psychiatric rehabilitation 
are considered to be interchangeable. Treatment and rehabilitation are some-
times distinguished from one another, with the former defi ned as focusing on 
the management of symptoms and the latter addressing the restoration of func-
tioning. This distinction, however, serves little practical use in schizophrenia 
because both symptoms and impaired functioning are central to the diagnosis 
of the disorder, both cause signifi cant distress, but they are semi-independent 
of one another (Strauss and Carpenter 1972). While some interventions fo-
cus more on symptoms and others on functioning, treatment needs to address 
both—often in an integrated fashion.

Psychiatric rehabilitation is broadly aimed at maximizing the ability of in-
dividuals with a mental illness to function as effectively and with the greatest 
satisfaction as possible, in the least restrictive  living environment, and with a 
minimum amount of professional intervention (Anthony et al. 2002; Corrigan 
et al. 2008). Psychosocial treatment typically focuses on either teaching more 
effective skills to improve functioning or more adaptive coping with symp-
toms, or providing environmental supports, prompts, or contingencies to fa-
cilitate optimal functioning. The word psychosocial distinguishes this type of 
intervention from other treatment methods that are more biological in nature, 
such as pharmacological treatment or electroconvulsive therapy.

Psychosocial treatment comprises a broad range and diversity of methods 
that go far beyond the traditional notions of “talk therapy.” The variety of dif-
ferent psychiatric rehabilitation approaches can be described by considering 
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the domains targeted by interventions, different treatment modalities, and the 
settings in which treatments may be provided (Liberman and Mueser 1989; 
Spaulding et al. 2003). A wide range of potential domains or levels are prom-
ising targets for psychosocial interventions, including improved functioning 
in the areas of  cognition (e.g.,  cognitive remediation),  social cognition (e.g., 
social cognition training), interpersonal relationships (e.g.,  social skills train-
ing), work or  school (e.g., supported employment), socio-environmental ad-
justment (e.g., family psychoeducation, contingency management), symptom 
severity and relapses (e.g.,  cognitive behavioral therapy for psychosis, train-
ing in illness  self-management), and psychophysiological arousal (e.g.,  stress 
management training). Psychosocial treatment can be provided in a variety of 
different formats, including naturalistic settings, in individual, group, and fam-
ily modalities as well as in a similarly wide range of settings, including acute 
and long-stay inpatient hospitals, residential milieu, community mental health 
centers, in the client’s home, or in other community settings (e.g., workplace, 
store, or on public transportation).

Rehabilitation and  Recovery

It has been over one hundred years since Kraepelin (1919/1971) presented the 
bold thesis that schizophrenia is a single disease, and the validity of his claim 
continues to be hotly debated. Although the limitations of Kraepelin’s single 
disease model have frequently been noted (Spaulding et al. 2003; Bentall 
1993), no alternative conceptualization of the disorder, including proposed 
subgroups of diseases, has thus far been shown to be suffi ciently more useful 
or compelling to result in a paradigm shift to a new model. There is, however, 
abundant evidence that both biological and environmental factors play a role 
in the development of schizophrenia (van Os and Kapur 2009), and a range 
of subtle neurodevelopmental, cognitive, and social problems have been es-
tablished to precede the onset of the disorder for some people by many years 
(MacCabe et al. 2013). Whether the heterogeneity of schizophrenia refl ects 
multiple causal factors which converge on a fi nal common pathway or separate 
disease states, by the time schizophrenia is fully manifested, the broad range of 
impairments across the different levels of systematic functioning have gained 
a degree of functional independence from one another (Strauss and Carpenter 
1972, 1977). Thus, until specifi c causes of the characteristic impairments of 
schizophrenia are known and can be targeted for treatment, there is a need for 
interventions to address problems at different levels of systemic function.

Treatments range from interventions which address more molecular lev-
els of systemic functioning, such as medications for neurophysiological dys-
function, to those which target more molar levels of functioning, such as 
psychiatric rehabilitation to improve psychosocial adjustment. While psycho-
social treatment can viewed as an interim solution that future advances in the 
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understanding and treatment of schizophrenia may obviate, these interventions 
are important because they address levels of systemic functioning that have 
been beyond the reach of pharmacology (e.g., role functioning, social rela-
tionships). Indeed, the importance of psychiatric rehabilitation has been high-
lighted in recent years by an active movement of individuals with major mental 
illness who have questioned the emphasis of treatment providers on symptoms 
and associated impairments, arguing that attention to  psychosocial functioning 
and psychological adjustment should be the true focus of treatment.

For over twenty years, the  recovery movement, spearheaded by individuals 
with a serious mental illness who have received psychiatric treatment (referred 
to as consumers in the United States or service users in Great Britain), has 
evolved to be a major force in changing how schizophrenia and other major 
mental illnesses are understood and treated (Silverstein and Bellack 2008). The 
impetus for this movement came from the objections they raised to the pessi-
mistic messages they were often given about the long-term outcome of schizo-
phrenia and other disorders, pointing out that they were both “spirit-breaking” 
and inaccurate in light longitudinal research, which showed symptom  remis-
sion and functional improvement in signifi cant proportions of people (Deegan 
1990; Harding et al. 1987). Consumers also called for a reduction in the use of 
coercive, often “retraumatizing” interventions (e.g., involuntary hospitaliza-
tion, use of seclusion and restraint, forced medication) (Brase-Smith 1995; 
Jennings 1994), and a shift from traditional hierarchical medical  decision mak-
ing, based on the assumption that “the doctor knows best,” to a more col-
laborative approach that respects an individual’s preferences and the right to 
determine their own treatment priorities (Chamberlin 1997a; McLean 1995). 
Perhaps most importantly, this movement challenged the notion that recovery 
from mental illness can only be defi ned in medical terms; it was argued that 
recovery should be defi ned in more nuanced and personally meaningful ways 
to  empower consumers and give them hope for the future (e.g., Frese 2008; 
Ralph 2000).

New conceptualizations of  recovery focus on personal growth and the es-
tablishment of meaning and sense of purpose in life, despite having a mental 
illness (Anthony 1993). The desire for more personally meaningful defi nitions 
of recovery other than symptom remission frequently evokes the need to im-
prove different areas of psychosocial functioning. For example, in the United 
States, the President’s New Freedom Commission on Mental Health (2003:6) 
defi nes recovery as “…the process in which people are able to live, work, 
learn, and participate fully in their communities.” The consumer/recovery 
movement has underscored the importance of improving psychosocial func-
tioning as a treatment priority over a narrow focus on symptom management 
and  relapse prevention.

The focus on  functional outcomes need not be to the exclusion of treatment 
that targets characteristic symptoms and cognitive impairments. However, 
it does suggest that attention to these areas should be driven primarily by 
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diffi culties in making progress toward established functional goals or atten-
tion to high levels of psychological distress. The emphasis of psychosocial 
treatment on functioning also underscores the fact that, given the relative inde-
pendence of different levels of systemic dysfunction (Spaulding et al. 2003), 
targeting one area of systemic dysfunction (e.g., cognitive impairment) will 
not necessarily lead to benefi ts in other areas, such as role functioning, unless 
they are also explicitly targeted for treatment (a summary of research on cogni-
tive remediation is provided below).

Progress in the Psychosocial Treatment of Schizophrenia

Following both the discovery of antipsychotic medications in the 1950s and 
the  deinstitutionalization movement, which began in the 1960s spurred on 
by economic forces as well as an improved capacity for clinical manage-
ment (Johnson 1990), an increasing variety of psychosocial interventions for 
schizophrenia and other serious mental illnesses were developed and empiri-
cally evaluated. Meta-analyses show that adding broadly defi ned psychosocial 
intervention to pharmacological treatment has a global impact on improving 
outcome in schizophrenia compared to medication alone, and those individu-
als with the most severe impairment tend to experience the greatest benefi t 
(Mojtabai et al. 1998). Furthermore, specifi c approaches to psychosocial treat-
ment are routinely included in treatment guidelines for schizophrenia, such as 
the  PORT recommendations in the United States (Dixon et al. 2010) and the 
NICE guidelines in the United Kingdom (National Collaborating Centre for 
Mental Health 2009).

Defi ning Empirically Supported Psychosocial Treatments

There is no clear consensus on how to categorize specifi c approaches to psy-
chiatric rehabilitation and the evidence evaluating them. Should the valida-
tion of a practice, for example, be highly specifi c to certain brands or types 
of programs, such as Beck et al.’s (1979) versus Lewinsohn’s (1974) treat-
ment approaches to  depression, Linehan’s (1993) dialectical behavior therapy 
for borderline personality disorder, Falloon’s approach to behavioral family 
management for schizophrenia (Falloon et al. 1984), or Hogarty’s cognitive 
enhancement therapy for schizophrenia (Hogarty et al. 2004)? Alternatively, 
should validation be based on a scientifi c understanding of the active ingredi-
ents of an intervention? 

The active ingredient approach would appear more legitimate, but many 
validated  treatment approaches justifi ably incorporate procedures that are not 
validated. Furthermore, the process of dismantling an effective intervention to 
identify its critical components and better understand its mechanisms of action 
is complex, time consuming, and costly, and thus not practical for most com-
plex psychosocial interventions for schizophrenia. On the other hand, narrowly 
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focusing on the validation of specifi c, “brand-like” interventions without at-
tention to their core ingredients can be misleading when “new”  treatments are 
developed based on methods of established interventions but containing addi-
tional unique but unproven components, and such an intervention is touted as 
both new and effective (Lohr et al. 1999).

In practice, the evaluation of empirical support for psychosocial treat-
ments for schizophrenia has been based on a combination of the theory which 
guides the intervention and the methods employed, the treatment modality, 
and the targeted domains of functioning, with less attention paid to the spe-
cifi c “brand” of program. For example, although there are many different ap-
proaches or “brands” of  cognitive behavioral therapy for psychosis (Beck et 
al. 2009; Kingdon and Turkington 2004), they are typically grouped together 
for reviews of research; the basis for this lies in the fact that they share a com-
mon general theory of the relationships between thinking, feeling, and behav-
ior and employ a common set of therapeutic techniques to enhance coping and 
evaluate thoughts and beliefs associated with psychotic symptoms. In contrast, 
 family interventions for schizophrenia tend to be grouped together based on a 
combination of their shared use of the family treatment modality, their focus 
on reducing family stress, and their agreement on a common set of principles 
underlying intervention (e.g., collaborative relationship with mental health 
professionals, provision of information to the family about mental illness and 
treatment, inclusion of the client in family sessions), despite differences be-
tween programs in theoretical orientation and therapeutic techniques employed 
(Anderson et al. 1986; Barrowclough and Tarrier 1992).

Empirically Supported Psychosocial Treatments for Schizophrenia

There is some variability in the specifi c criteria used by different organizations 
or reviewers to determine whether a psychosocial treatment is empirically 
supported (Chambless and Ollendick 2001; Drake et al. 2005; Herbert 2000). 
Generally, empirically supported psychosocial interventions for schizophrenia 
are identifi ed using similar criteria to those employed for defi ning  evidence-
based medicine (Sackett et al. 1997). For schizophrenia, several standardized 
interventions have been shown to improve broadly accepted, important out-
comes (e.g., symptoms, social functioning, work, or school) in multiple ran-
domized controlled trials (RCTs) conducted by independent research teams 
(e.g., Drake et al. 2001; Ganju 2003). More than thirty years ago, the  token 
economy program, which involves systematically modifying environmental 
contingencies in individuals living in inpatient settings to reinforce more adap-
tive behaviors (Ayllon and Azrin 1968), was the fi rst psychosocial treatment 
approach shown to be effective for people with serious mental illnesses, facili-
tating discharge from long-stay hospitals into the community (Paul and Lentz 
1977). Following empirical validation of the token economy, at least six other 
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psychiatric rehabilitation programs have demonstrated strong empirical sup-
port (Mueser et al. 2013a), as described briefl y below.

 Family Intervention

Research in the 1970s demonstrated that high levels of family stress (i.e., “ex-
pressed  emotion”) were predictive of increased risk of relapse and hospitaliza-
tion in recently discharged people with schizophrenia who were living, or in 
close contact, with their relatives (Brown et al. 1972). This fi nding led to the 
development and empirical validation of fi ve different family intervention pro-
grams aimed at improving family coping, lowering overall stress in the family, 
and reducing client risk of relapse (Anderson et al. 1986; Barrowclough and 
Tarrier 1992; Falloon et al. 1984; Kuipers et al. 2002; McFarlane 2002). These 
programs differ in their specifi c targets for treatment and methods to achieve 
them: some train families in  stress management or communication skills 
(Barrowclough and Tarrier 1992; Falloon et al. 1984), whereas others increase 
family support through multifamily groups (Kuipers et al. 2002; McFarlane 
2002). Despite differences in theoretical orientation and specifi c therapeutic 
methods used in these family intervention programs, they share a common set 
of features which may, in part, explain some of the similar benefi cial effects 
found across the programs (Lucksted et al. 2012; Pitschel-Walz et al. 2001). 
These common features include

• long-term (minimum nine months) family intervention provided by 
mental health professionals,

• emphasis on creating a collaborative relationship with family, and 
avoiding blame and pathologizing of relatives’ behavior,

• inclusion of the client in some or all family work,
• provision of information about schizophrenia and its treatment, and
• focus on reducing family stress.

Most research on family intervention programs has targeted clients with a 
recent symptom relapse or hospitalization. Research fi ndings (Pharoah et al. 
2010) include 53 RCTs conducted throughout the world; family intervention 
reduces relapses and hospitalizations over a period of one to two years and 
may facilitate treatment adherence. In addition, clients in families who receive 
family intervention show modest improvements in  psychosocial functioning, 
and relatives experience some reduction in stress and tension.

 Supported  Employment

Traditional  vocational  rehabilitation approaches for schizophrenia have typi-
cally focused on extended training programs to prepare clients to enter the 
workforce, with some including work experiences in sheltered or other protec-
tive settings. Research has shown, however, that these “train-place” approaches 
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fail to improve vocational outcomes for people with a serious mental illness 
(Bond 1992). Based on the “train-place” philosophy, supported  employment 
focuses on helping clients obtain competitive work, and then provides the 
training and support necessary to succeed at these jobs. The most thoroughly 
standardized and evaluated supported employment program is the  individual 
placement and support program (Becker and Drake 2003), which is defi ned by 
the following characteristics:

• Desire for competitive work is the only inclusion criterion for partici-
pation in the program (e.g., clients are not excluded because of symp-
toms or cognitive impairments).

• Focus is on rapid search for competitive jobs in integrated community 
settings and no required prevocational training.

• Client preferences are respected regarding the type of desired em-
ployment and disclosure about psychiatric disorder to prospective 
employers.

• Follow-along supports are provided after job attainment.
• Vocational and clinical services are integrated.
• Counseling is provided to inform clients about special incentives for 

work and impact of work on disability benefi ts.

Research on supported employment indicates that out of 25 RCTs, 15 used the 
individual placement and support model (Bond et al. 2012). Most studies were 
conducted in the United States, with some in Europe. Over the one- to two-
year study period, supported employment was found to be superior to other 
 vocational programs in terms of competitive work outcomes (e.g., proportion 
who worked, hours and weeks worked, wages earned). The effect sizes ranged 
from .58 to .67. However, the impact of supported employment on work after 
vocational supports are removed is unclear, given the limited research that has 
addressed this question.

Cognitive Behavioral Therapy for  Psychosis

The persistence of  hallucinations and  delusions in a signifi cant proportion of 
people with schizophrenia (Lindenmayer 2000) and the distress and functional 
impairment associated with these symptoms (Racenstein et al. 2002) led to the 
adaptation of techniques from cognitive behavioral therapy that were used to 
treat  depression and  anxiety to psychotic symptoms. Multiple programs for 
cognitive behavioral therapy for psychosis have been developed (e.g., Beck et 
al. 2009; Chadwick 2006; Kingdon and Turkington 2004) and generally share 
the following features:

• “normalization” of psychotic symptoms to reduce embarrassment 
and  stigma,
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• identifi cation of individual and situational factors that infl uence sever-
ity of symptoms,

• development of a shared formulation of symptoms,
• the teaching of more effective coping strategies,
• evaluating thoughts and beliefs related to psychotic symptoms, and
• conducting behavioral experiments to obtain more information about 

psychosis-related beliefs. 

Research on cognitive behavioral therapy for psychosis indicates (Granholm 
et al. 2009; Wykes et al. 2008) that over 33 RCTs were conducted, mostly in 
United Kingdom. Effect sizes ranged from .35 to .44. Signifi cant effects were 
found for psychotic symptoms, and there was some indication of effects on 
negative, mood, and anxiety symptoms, as well as  psychosocial functioning. 
The latter outcomes, however, need to be replicated by more rigorous trials.

 Social Skills Training

Impaired social and  self-care functioning are hallmarks of schizophrenia that 
often precede the onset of the disorder and are also associated with a worse 
course of illness. To systematically teach more effective interpersonal and self-
care skills, social skills training approaches were developed based on the prin-
ciples of  social learning (Bandura 1969), with the broader aim of improving 
social and community functioning. Social skills are usually taught in groups ac-
cording to the following sequence (Bellack et al. 2004a; Liberman et al. 1989):

• Establish a rationale for learning a skill, and break complex skills into 
component parts.

• Model (demonstrate) a skill in role play.
• Engage each client in practicing the skill in role play (one at a time).
• Elicit and provide positive reinforcement about client’s performance, 

followed by suggestions for improved performance.
• Engage client in 1–3 more role plays, followed by positive and correc-

tive feedback.
• Collaboratively develop home assignment for each client to practice 

skills on their own.
• Program generalization of skills through in vivo community practice 

and/or involvement of natural supports in the client’s environment 
(e.g., family, residential workers).

Skills training programs have been developed to address specifi c areas of im-
paired functioning, such as  independent living (e.g., personal hygiene, use of 
public transportation), occupational functioning (e.g., job interviewing, re-
sponding to feedback on the job), interpersonal relationships and leisure (e.g., 
conversation skills, making friends, exploring leisure activities), psychiatric 
and physical illness  self-management (e.g., taking medication, discussing 
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medication side effects with prescribers, developing  relapse prevention plans), 
and coping with social situations that involve alcohol or drugs (e.g., resisting 
offers to use substances). Although summaries of research on skills training 
tend to focus on broad outcomes that are evaluated across multiple applications 
of skills training (e.g., social and community functioning), the implementation 
of skills training programs usually targets very specifi c domains, with research 
supporting its effects across different areas. In addition, skills training methods 
are often incorporated into other, previously described practices: teaching com-
munication skills in some  family intervention programs (Falloon et al. 1984), 
improving work-related skills in supported  employment (Mueser et al. 2005; 
Wallace et al. 1999), and teaching coping skills in cognitive behavioral therapy 
(Tarrier et al. 1993) for psychosis and illness  self-management (Gingerich and 
Mueser 2011). Research on social skills training indicates (Kurtz and Mueser 
2008; Pfammatter et al. 2006) that over 25 RCTs were conducted. Signifi cant 
effects were found on learning specifi c social skill-related information and 
behavioral competencies, improving social and community functioning, and 
improving negative symptoms. Effect sizes ranged from .39 to .77. Skills train-
ing programs also exert smaller but signifi cant effects on reducing symptoms 
and relapses, possibly through improved social support and interpersonal cop-
ing, leading to reduced sensitivity to stress, in line with the stress-vulnerability 
model of schizophrenia (Liberman et al. 1986; Nuechterlein and Dawson 1984).

 Cognitive Remediation

The cognitive impairment characteristic of schizophrenia (Heaton et al. 1994) 
and the association between cognitive and psychosocial functioning (Green 
2006) makes cognitive functioning an obvious treatment target for the disor-
der. Cognitive remediation is defi ned by an intervention that directly focuses 
on improving  attention,  memory,  psychomotor speed, and  executive functions, 
or reducing the effects of cognitive impairment on psychosocial functioning. 
Over the past 30 years, a wide variety of cognitive remediation approaches 
have been developed that range in focus from elemental cognition to complex 
social cognition and  problem solving (e.g., McGurk et al. 2007), with some 
packaged modalities incorporating the entire range and even interfacing with 
social skills training (Brenner et al. 1994; Hogarty et al. 2004). Common ele-
ments of programs include (a) practice of cognitive exercises on computer or 
paper and pencil tests and (b) use of self-monitoring and errorless learning. 
Some programs provide coaching on cognitive strategies to improve cognitive 
performance during practice tasks, some programs teach coping or compen-
satory strategies to reduce the impact of impaired cognitive functioning on 
psychosocial functioning, and some do both.

Signifi cant progress in research on cognitive remediation has occurred, es-
pecially over the past decade. Major fi ndings from two meta-analyses (McGurk 
et al. 2007; Wykes et al. 2011) indicate that over 40 RCTs were conducted, 
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mostly in Europe or the United States. Signifi cant effects were found on cogni-
tive functioning (effect sizes were .41 to .45) and psychosocial functioning (ef-
fect sizes were .36 to .42), with weaker effects on symptoms (effect sizes were 
.18 to .28). The impact of cognitive remediation on psychosocial functioning is 
moderated by the provision of adjunctive or integrated psychiatric  rehabilita-
tion; cognitive remediation improves  functional outcomes when it is added to 
(or integrated with) psychiatric rehabilitation (compared to psychiatric reha-
bilitation alone) but not to usual services (compared to usual services alone). 
In addition, impact is dependent on whether strategic training was provided; 
when strategy training is provided in the context of rehabilitation, effect size 
is doubled. 

Training in Illness  Self-Management

The  recovery/consumer movement emphasized the importance of actively in-
volving clients in their own treatment, involving them in collaborative  decision 
making with treatment providers, and  empowering them to determine their 
own treatment goals (Farkas 2007). Illness self-management programs are 
aimed at providing clients with the information and skills needed to manage 
their illness in collaboration with others (e.g., reducing symptoms, preventing 
relapses). A variety of programs have been developed and evaluated, includ-
ing individual and group formats, with durations ranging from several months 
to over a year (Gingerich and Mueser 2011; Hogarty 2002; Kopelowicz et 
al. 1998). Common components of illness self-management training programs 
include

• education about serious mental illness and its treatment,
• teaching strategies for improving medication adherence,
• training in coping skills to manage persistent symptoms,
• developing a  relapse prevention plan, and
• social skills training to strengthen social supports.

Research has been conducted on both the individual components of illness 
self-management and comprehensive programs which target the broad range 
of skills. The benefi ts of teaching illness self-management, including psycho-
education, behavioral tailoring to incorporate medication adherence into the 
client’s personal routine, coping skills training, and relapse prevention have 
been shown in over forty controlled studies (Lincoln et al. 2007; Mueser 
et al. 2002). Three RCTs of the illness management and recovery program 
(Gingerich and Mueser 2011), which incorporate the aforementioned strate-
gies, have shown signifi cant improvement on outcomes related to self-man-
agement. Some evidence indicates that consumer-provided training in illness 
self-management is effective (e.g., Wellness Recovery and Action Plan, or 
WRAP) (Cook et al. 2012).
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Other Programs

There is growing evidence for the effects of other psychiatric  rehabilitation 
approaches for serious mental illness: integrated treatment of co-occurring 
psychiatric and substance use disorders (Drake et al. 2008; Barrowclough et 
al. 2010), training in social cognition (Kurtz and Richardson 2012), and modi-
fying the living environments of individuals with severe cognitive impair-
ment to prompt  self-care behaviors and sustain community living (Velligan 
et al. 2002, 2006). Although not a rehabilitation approach per se, alternative 
methods for delivering pharmacological and psychosocial treatment to clients 
with serious mental illness living in the community who do not access avail-
able services on their own (i.e.,  assertive community treatment) (Stein and 
Santos 1998) have been developed and shown to be effective, primarily in the 
United States, where access to psychiatric services for this population is most 
problematic, but also in Australia (Coldwell and Bender 2007; Nelson et al. 
2007; Rosen et al. 2007).

In summary, the preponderance of evidence across multiple studies (more 
than 20 RCTs for most interventions) indicates that potent psychosocial inter-
ventions have been developed, with most producing effect sizes in the mod-
erate range (Cohen 1992). New interventions continue to be developed, and 
along with them a growing body of evidence supporting them. The progress 
that has been made in psychiatric rehabilitation for schizophrenia provides re-
alistic hope for improving the quality of lives of people with this disorder, if 
access to these effective services can be assured.

Poor Adoption of Effective Psychosocial Treatments

Despite steady advances in the development and validation of effective  psy-
chosocial treatments for schizophrenia, the gap between science and imple-
mentation of effective interventions has continued to widen in some countries. 
The problem of poor access to empirically supported psychosocial treatment 
has been well known for many years (e.g., Drake and Essock 2009; Lehman 
and Steinwachs 1998; Resnick et al. 2005). As awareness of this problem has 
grown, repeated calls have been issued to increase access to effective prac-
tices (Drake et al. 2001; Institute of Medicine 2001; President’s New Freedom 
Commission on Mental Health 2003), although the success of these calls has 
not been readily apparent. This situation seems to differ from other countries 
where national guidance and audit defi ne the types of treatments that should 
be available. In more coherent health systems, successful implementation is 
diffi cult but not impossible. However, even where mandatory guidance and 
training are available, diffi culties remain.

What accounts for the failure to disseminate effective psychosocial treat-
ments for schizophrenia? There is no single answer to this question, as there 
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are likely multiple obstacles to dissemination which vary as a function of coun-
try and its economic wealth, the geographic setting (e.g.,  urban vs. rural), and 
the intervention itself. Below, two different explanations for the poor dissemi-
nation of empirically supported interventions for schizophrenia are offered: (a) 
 policy failures in training mental health professionals despite adequate tools 
for implementing effective treatments; (b) more research is needed to inform 
the process of implementing and adapting effective interventions in the context 
of routine  service delivery.

Training Obstacles

A clear prerequisite to the dissemination of empirically supported psychosocial 
treatments for schizophrenia is the availability of suitable resource materials 
for different practices and established methods for implementing those practic-
es in routine treatment settings. As previously described, empirically supported 
psychosocial treatments are standardized in manuals to guide clinicians in pro-
viding the intervention. Fidelity scales have also been developed to evaluate 
whether psychosocial interventions are provided with good adherence to the 
defi ning principles of each treatment approach (Bond et al. 2000; Teague et al. 
2012). In addition, standard training methods have been developed to facilitate 
the implementation of different treatment programs. One research project has 
evaluated the effectiveness of combining these three resources into a cohesive 
package for implementing empirically supported psychosocial treatments for 
severe mental illness, as described below.

The  National Implementing Evidence-Based Practices Project 

This study was aimed at evaluating whether empirically validated practices 
could be implemented and sustained in routine mental health treatment set-
tings (Bond et al. 2009; McHugo et al. 2007; Mueser et al. 2003). For each 
of fi ve different psychosocial treatment approaches ( supported  employment, 
 family intervention, illness management and recovery, integrated treatment for 
co-occurring disorders, and  assertive community treatment), a standardized 
“toolkit” was created and included the following components:

• practitioner’s manual,
• information brochures for different stakeholders, including clients, 

family members, practitioners, supervisors, and policy makers,
• instruments for evaluating  outcomes,
• implementation tips,
• a 15–20 minute introductory video to the practice, and
• a 1–3 hour training video for the practice.

For each practice, a standardized two-day training to be delivered by experts was 
developed and access to expert consultation was facilitated for a two-year period.
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A total of 53 publicly funded mental health centers participated in this study 
by receiving training and implementing two of the fi ve interventions, which 
were chosen by each agency. Routine fi delity evaluations were conducted at 
baseline and at six-month intervals for two years. Findings indicate that all 
fi ve programs were implemented with acceptable levels of adherence to the 
program models over the fi rst 6–12 months of the project, and that acceptable 
fi delity levels were maintained up to the two-year assessment point. Results 
show that empirically supported psychosocial interventions for schizophrenia 
can be successfully implemented in routine treatment settings and suggest that 
other factors may be at least partly responsible for the failure of such treat-
ments to be more widely implemented and disseminated. 

 Policy Implications for Training  Mental Health Professionals

To ensure the provision of empirically supported psychosocial treatment for 
schizophrenia, four basic requirements are needed:

1. Standardized manuals for the intervention and methods for monitoring 
the quality of its delivery.

2. Practitioners who are trained in the treatment models.
3. Suffi cient resources to support the provision of the treatment, includ-

ing, if necessary, the training of practitioners.
4. Guidelines or incentives that prioritize the delivery of the treatment 

over less empirically supported interventions.

Standardized manuals for different empirically supported treatments exist, 
as do fi delity scales for evaluating implementation quality. In the  National 
Implementing Evidence-Based Practices Project (McHugo et al. 2007), the 
cost of training practitioners was borne by the research project, not the agency; 
the voluntary engagement of agencies in the project probably ensured some 
level of motivation or incentive to implement the chosen practices as faithfully 
as possible to the fi delity criteria. This suggests that policy implications in 
the training of mental health professionals in psychosocial treatment deserve 
special scrutiny.

Training of Mental Health Professionals

In the United States, individuals who enter the mental health profession from 
fi elds such as clinical psychology, social work, nursing, occupational therapy, 
and even psychiatry receive little training in specifi c empirically supported 
psychosocial treatments for schizophrenia or even in programs with an evi-
dence base over two decades old, such as family intervention (Dixon et al. 
2001). For example, clinical psychologists graduating from Ph.D. programs 
in the United States, accredited by the American Psychological Association 
(APA), are not required to demonstrate competence in either the assessment 
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or treatment of people with schizophrenia, nor does any state require such 
competence for the licensing of psychologists. Consequently, there are limited 
training opportunities for working with people with schizophrenia in clinical 
psychology Ph.D. programs, and many programs lack any faculty expertise in 
the treatment of serious mental illness (Reddy et al. 2010). The problem is not 
appreciably different in the other fi elds of social work, occupational therapy, 
or nursing. This shifts much of the cost of training in psychosocial treatments 
for schizophrenia from professional schools to the healthcare system, which 
leads to fi nancial strain on limited resources. As proposed for clinical psychol-
ogy (Mueser et al. 2013b), requiring competency in the psychosocial treatment 
of serious mental illness from students, who obtain advanced degrees and are 
licensed in the mental health profession, could reduce the burden of training 
clinicians on the healthcare system. 

The relative lack of training in empirically supported psychosocial treat-
ments for schizophrenia in professional programs in the United States for dis-
ciplines such as clinical psychology could also refl ect the absence of generally 
understood roles or niches for the special skills of each profession within the 
psychiatric rehabilitation community and postgraduate career disincentives to 
working with this population. This is in marked contrast to the situation in 
Great Britain and Europe, where more defi ned roles for clinical psychologists 
and other mental health professionals in the treatment of serious mental illness 
have been established.

Still, even concerted training efforts may be insuffi cient to foster the broad 
uptake of some psychosocial interventions for schizophrenia. The most no-
table case example of this is family intervention for schizophrenia. Despite 
the development and empirical validation of several family interventions for 
schizophrenia, as reviewed here, and programs for training clinicians and dis-
seminating the practice (Tarrier et al. 1999), access to these interventions re-
mains problematic in both the United States and Great Britain. A wide variety 
of factors have been identifi ed that infl uence the implementation of family 
intervention programs, including clinicians’ attitudes about the effectiveness 
of family programs, organizational issues, clinicians’ specifi c profession, and 
the willingness of relatives to engage in services (Fadden 1997; McCreadie et 
al. 1991; McFarlane et al. 2001; Wright 1997). These issues have been insuf-
fi ciently addressed in research on the implementation of family intervention 
and other empirically supported programs.

Research on Implementation and Dissemination

The problem of poor access in routine care to effective  psychosocial treatments 
for schizophrenia is not unique to the disorder, but is also present across the 
broader range of mental health and preventive interventions, where numer-
ous other relatively complex interventions also enjoy a strong evidence base 
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(Glasgow et al. 2003; Institute of Medicine 2006). The challenge of making 
effective treatments widely accessible has led to a growing interest in the rap-
idly evolving fi eld of  implementation science, which has been described as the 
translational step between the development and empirical validation of inter-
ventions and the integration of these services into systems of care (Proctor et 
al. 2009). Although still in its infancy, a better understanding of the processes 
and factors relevant to the implementation of psychosocial treatments may be 
necessary to close the gap between science and practice.

The terms diffusion, dissemination, and implementation should be distin-
guished. Diffusion refers to the spread and uptake of new practices into sys-
tems of care (Rogers 2003), with diffusion research being the study of factors 
critical to the adoption of empirically supported interventions by providers of 
treatment for a specifi c population (Proctor et al. 2009). A wide range of con-
textual factors has been identifi ed as infl uencing the spread of new practices, 
such as norms and attitudes about particular health conditions, organizational 
structure and process, resources, policies and incentives, networks and link-
ages within the organization, and media and other change agents (Mendel et 
al. 2008). Whereas diffusion may be a passive process, dissemination refers to 
active, targeted efforts to persuade key stakeholder groups to adopt a specifi c 
intervention, and the distribution of related information and materials designed 
to promote its successful adoption (Greenhalgh et al. 2004). Finally, imple-
mentation is the use of specifi c strategies aimed at introducing an empirically 
supported intervention within a specifi c treatment setting (Proctor et al. 2009).

Just as successful treatments for schizophrenia are evaluated by changes in 
client outcomes (such as symptoms and relapses, cognitive functioning, and 
 psychosocial functioning), implementation efforts require attention to a dif-
ferent set of outcomes (Glisson and Schoenwald 2005; Proctor et al. 2009). 
Primary outcomes of interest to implementation research include:

• Feasibility: Is it possible for the intervention to be incorporated into rou-
tine services in an agency, including organizational structures and costs?

• Fidelity: Can the intervention be provided with good adherence to the 
defi ning elements of the practice?

• Penetration: What proportion of the targeted population in the setting 
receives the treatment?

• Acceptability: Can clients be engaged in the intervention and complete 
it, and are they satisfi ed with it?

• Sustainability: Can the intervention be maintained over the long-term?

The successful implementation of a practice is not suffi cient to ensure that 
it will continue to be provided. A host of factors (e.g., organizational leader-
ship, change in funding priorities) can lead to the dismantling of new practices 
(Massatti et al. 2008).
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The issue of evaluating fi delity to the program model is a thorny one, as 
modifi cations to the original model may be undertaken to ensure the feasibility 
of implementing the practice into routine treatment, and to achieve acceptable 
levels of penetration (Aarons et al. 2011). Successive modifi cations of an in-
tervention lead to the inevitable question: When has the implemented practice 
deviated signifi cantly from the original practice, and is the deviation better 
or worse? A related issue is that high levels of program standardization are 
required to attain the necessary precision to evaluate an intervention’s impact 
on the targeted outcomes and to establish its effi cacy and effectiveness. For 
example, most  cognitive remediation programs specify a core curriculum of 
cognitive skills and exercises as well as a set number or range of hours or ses-
sions during which the training is to be completed (McGurk et al. 2005; Wykes 
and Reeder 2005). Similarly,  family intervention programs also recommend 
curricula in terms of information and skills to be taught to families, and spe-
cifi c timeframes in which the teaching is to be accomplished (Barrowclough 
and Tarrier 1992; Falloon et al. 1984). However, in routine practice, there is a 
need to provide clinicians with practical guidance about how to tailor the inter-
vention to the client’s (or family’s) needs (e.g., targeted teaching of curricula), 
how to determine whether the client has benefi ted, and when the intervention 
should be abbreviated or extended from the standard parameters originally de-
veloped for it.  Implementation research is needed to address how (a) to modify 
and develop practical clinical guidelines for providing empirically supported 
interventions for schizophrenia in routine practice settings, (b) to evaluate 
whether adapted programs continue to improve targeted client outcomes, and 
(c) to alter fi delity criteria accordingly. 

Models for guiding the evaluation of implementation efforts are still in the 
developmental stage and tend to be more descriptive than theoretical in nature 
(Aarons et al. 2011; Atkins 2009). Proctor et al. (2009) have proposed a heu-
ristic framework for implementation research which provides a classifi cation 
of the multiple levels that implementation strategies may target and that need 
to be assessed to evaluate performance improvement; this includes the larger 
system and environment (e.g., reimbursement, regulatory policies), the orga-
nization (e.g., structure, leadership), groups or teams (e.g., cooperation, co-
ordination, sharing of knowledge), and the individual (e.g., knowledge, skill, 
expertise). The importance of recognizing the broad scope of change agents 
and factors which may be critical to successful implementation has led to in-
terdisciplinary approaches that are more broadly inclusive and collaborative in 
involving multiple stakeholders (e.g., clients, clinicians, family members) over 
the full range of treatment development, implementation, and dissemination 
(Gonzales et al. 2002; Wells et al. 2004). The recent growth in use of participa-
tory action research approaches to mental health (Knightbridge et al. 2006), 
including psychosocial treatments for serious mental illness (Cook et al. 2010), 
is an example of this trend, which has long-term potential to improve access to 
effective psychiatric  rehabilitation for schizophrenia.
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Increasing the Effectiveness of Psychosocial Treatments

While great progress has been made in psychosocial treatments for schizo-
phrenia, even the most potent interventions fail to help a signifi cant propor-
tion of individuals. For many who do benefi t, improvement is only modest. 
For example, although the majority of people with serious mental illness who 
receive  supported employment obtain some competitive work over a period 
of 1.5–2 years, many clients work little or not at all, and those who do work 
often have brief job tenures marked with unsuccessful job endings (Bond et al. 
2008; Mueser et al. 2004). In addition, the current armamentarium of psychiat-
ric  rehabilitation approaches targets a limited range of domains of functioning 
and consequences of schizophrenia. There is a need for effective interventions 
that address needs in other areas, such as psychological well-being, the effects 
of  stigma and  self-stigma, physical health, close personal relationships, and 
parenting skills. Several approaches to improving the effectiveness of psycho-
social interventions and research on treatment are described below.

Targeting Factors Related to Change in 
Effective Psychosocial Treatments

Research aimed at understanding the individual who fails to benefi t from 
empirically supported psychosocial interventions for schizophrenia, and the 
mechanisms underlying effective treatments, has the potential to lead to more 
effective interventions.

Who Benefi ts from Psychiatric Rehabilitation?

The identifi cation of illness-related predictors of response to psychosocial 
 treatment can lead to interventions which directly target those areas. Two ex-
amples illustrate the utility of research that has identifi ed impaired cognitive 
functioning as a predictor of attenuated response to psychiatric rehabilitation. 
First, the severity of cognitive impairment is associated with poorer vocational 
functioning in schizophrenia and less benefi t from a range of vocational reha-
bilitation approaches, including supported employment (McGurk and Mueser 
2004). To address this issue, several research teams have developed cognitive 
remediation programs aimed at improving cognitive functioning and employ-
ment outcomes, in the context of  vocational rehabilitation programs. RCTs of 
these combined intervention programs suggest that the addition of cognitive 
remediation is associated with greater improvements in both cognitive abili-
ties and employment rates compared to vocational rehabilitation alone (e.g., 
Lindenmayer et al. 2008; McGurk et al. 2009; Vauth et al. 2005).

Second, more impaired cognitive functioning is associated with reduced 
acquisition of skills in  social skills training (Mueser et al. 1991; Smith et al. 
1999). Several approaches have been developed to address this problem and 
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improve the ability of clients with more impaired cognitive functioning to learn 
social skills. Silverstein et al. (2009b) developed an  attention training program 
for clients whose inattention prevents them from learning in  social skills train-
ing groups and showed that the incorporation of this training into skills training 
groups led to better skills acquisition than social skills training alone. Brenner 
and colleagues (Brenner et al. 1994; Roder et al. 2011b) developed  Integrated 
Psychological Therapy (IPT) to target systematically impairments in cognitive 
functioning,  social cognition, and social skills, with the initial focus on practic-
ing basic cognitive processes thought to be critical to learning more complex 
social cognition and interpersonal skills. Research has shown that the IPT pro-
gram improves social functioning in schizophrenia (Roder et al. 2011a).

Research on How Psychosocial Treatments Work

Empirically supported psychosocial interventions for schizophrenia tend to be 
complex and multifaceted, creating a challenge for any concerted effort aimed 
at disentangling the mechanisms or critical ingredients responsible for treat-
ment effects. Nevertheless, there are common or defi ning elements and goals 
of each intervention which may serve as beginning hypotheses. For example, 
the core features of  family intervention programs are developing a therapeutic 
alliance between the family and treatment team, the provision of information 
to families about schizophrenia and its treatment, and the reduction of stress 
in the family. Critical elements of social skills training include systematic 
teaching (i.e., shaping) and practice of social skills in simulated situations, 
encouragement to try skills in social situations, and facilitated practice of skills 
in real-world settings. Although many different approaches to cognitive re-
mediation have been developed, all seek to increase cognitive performance. 
The most effective approach for improving functioning includes a combina-
tion of practice and teaching strategies on cognitive exercises, which aids the 
transfer to  psychosocial functioning. Key elements of illness  self-management 
programs include providing information about mental illness and its treatment, 
teaching strategies to improve medication adherence, developing   relapse pre-
vention programs, and teaching coping strategies for persistent symptoms. 
Defi ning components of  cognitive behavioral therapy for psychosis include the 
development or enhancement of coping strategies as well as cognitive restruc-
turing aimed at helping people evaluate the evidence which supports upsetting 
thoughts and beliefs. Critical features of supported employment include rapid 
job search for competitive work, provision of practical supports in fi nding and 
keeping jobs, and attention to client preferences.

Evaluating whether an intervention succeeds in modifying the immediate 
targets of treatment (e.g., improved knowledge about schizophrenia in family 
intervention and illness self-management training programs), and the associa-
tion between changes in those targets and functional outcomes, could serve to 
identify which targets are most critical. Similarly, determining which elements 
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of an intervention are necessary for improving outcomes, and which are not, 
could shed light on the critical mechanisms that underlie benefi t from treat-
ment. For example, there is some evidence supporting many of the individual 
components used to defi ne supported employment, such as rapid job search 
and follow-along supports (Bond 2004; Bond and Kukla 2011). Of course, 
different targets may be critical for different individuals under different cir-
cumstances, further complicating the process but underscoring the importance 
of efforts to understand how interventions work.

Increasing Specifi city and Routine Monitoring of Targeted Outcomes

Psychosocial treatment methods for schizophrenia developed over the last sev-
eral decades have the potential to incorporate considerable detail in assessment, 
treatment planning, decision making, and  outcome evaluation of interventions 
(Spaulding et al. 2003). Such detail is necessary for the personalization and tai-
loring of treatment to the individual. These methods represent a convergence 
of several lines of work, including the  case formulation approach to  cognitive 
behavioral therapy (Beck et al. 1979),  social learning theory (Bandura 1969), 
functional assessment and analysis of behavior (Bijou and Peterson 1971), 
problem-solving models of clinical practice (D’Zurilla and Goldfried 1971), 
and new conceptualizations of  recovery (Anthony 1993).

The essence of  person-oriented  treatment is that individuals are actively 
involved in setting their own treatment goals, identifying the outcomes they 
most want to change and the treatment strategies they want to use, and ac-
tively working together to implement interventions. It should be noted that 
the individual’s perspective, attitudes, values, and beliefs are incorporated 
into a biosystemic understanding of mental illness, as part of the individual’s 
 psycho social functioning (Spaulding et al. 2003). To personalize  psychosocial 
treatment and to make it as effective as possible, several issues related to the 
targeted outcomes need to be addressed, including

• a comprehensive assessment leading to the identifi cation of specifi c 
goals or outcomes,

• access to reliable and sensitive measures of these outcomes, and
• the routine monitoring of progress toward desired outcomes.

Despite advances in the technology of treatment, the ability of clinicians to 
provide personalized treatment for schizophrenia is limited by overemphasis 
on symptoms and defi cits, goals which focus on  treatment adherence rather 
than desired outcomes, poorly specifi ed goals, and lack of time and effort in-
vested in monitoring progress toward goals. The scope of  goal setting needs 
to address a broad range of psychosocial needs and desires beyond (or often 
instead of) coping with symptoms, such as:
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• emotional well-being (e.g., experience of positive  emotions, hope),
• role functioning (e.g., work, school, parenting, homemaker),
• social relationships (e.g., family, friends, intimacy),
• leisure activities,
•  self-care and  independent living (e.g., money management, grooming/

hygiene, shopping/food preparation),
• physical health (e.g.,  diet,  exercise, smoking, management of physical 

illnesses such as  diabetes),
• creative expression, and
• community inclusion and involvement.

In addition, it is important to seek to understand the individual’s perspec-
tive or experience of mental illness, such as demoralization (Birchwood et al. 
1993), self-defeating thinking (Grant and Beck 2009),  stigma, and  self-stigma 
(Drapalski et al. 2013). Assessing these perspectives can be informative about 
other areas of impaired functioning (e.g.,  unemployment,  social isolation) and 
may serve as potential targets for treatment. Some research suggests that nega-
tive attitudes or unhelpful beliefs can be fruitfully targeted, such as defeatist 
thinking (Granholm et al. 2009) and self-stigma (Lucksted et al. 2011; Yanos 
et al. 2012), which may contribute to improved well-being, personal growth, 
and better functioning (Roe and Chopra 2003).

Initial engagement and   treatment focused on identifying and pursuing cli-
ent-centered goals is critical to developing a therapeutic relationship (Tryson 
and Winograd 2001) and instilling  motivation to learn illness  self-management 
(Corrigan et al. 2001). Goals need to be described with suffi cient specifi city to 
permit reliable measurement and assessed frequently enough to provide useful 
information about whether progress is being made. The process of setting and 
making progress toward personal goals is important to psychological well-
being and growth (Elliot et al. 1997; Sheldon et al. 2002). To ensure that clients 
are able to reap the full benefi ts of goal setting and attainment, large goals 
need to be broken down into smaller ones, and periodic monitoring of progress 
needs to be conducted to reinforce effort and to maintain the therapeutic alli-
ance. Routine monitoring of targeted outcomes also enables the clinician and 
client to evaluate whether the strategies they are using to achieve the desired 
goals are working and should be continued, or whether alternative approaches 
should be considered.

Clinicians often have diffi culty specifying goals with clients, and infre-
quently monitor progress toward goals, sometimes only when required by an 
agency (e.g., treatment planning conducted every six months). This makes it 
diffi cult for clinicians to “keep their eye on the ball” of the goal and to cus-
tomize their work to the individual client accordingly. Assessment tools are 
needed which tap the broad range of needs that clients may have, are easy to 
administer and score, and for which targeted outcomes can be routinely as-
sessed (e.g., monthly) to gauge progress. For the assessment and treatment of 
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serious mental illness, increasing innovation in the use of e-technology may 
hold promise for the development of more comprehensive assessment pack-
ages that can be used both to identify needs treatment goals and to track prog-
ress routinely over time (Ben-Zeev et al. 2012).

The notion that rigorous clinical evaluation and systematic treatment are 
necessary to evaluate outcomes rigorously on a case-by-case basis, even for in-
terventions that have been validated in controlled trials, is increasingly referred 
to as  practice-based medicine (Horn and Gassaway 2007; Horn et al. 2010). 
There is a growing interest in this approach in the broader fi eld of  psychother-
apy, with the development of commercialized clinical decision supports sys-
tems designed to facilitate this practice (Bickman 2008; Chorpita and Daleiden 
2009; Lambert 2005), and a few applications for treatment of serious mental 
illness (Chinman et al. 2004; Iyer et al. 2005; Paul 1986). The recognition of 
clinical practice has the promise to inform research and treatment development 
and has led to initiatives aimed at enhancing the capacity of clinicians to use 
research methods to evaluate the effects of their interventions (Sulivan et al. 
2005), and calls for practice research networks to facilitate the integration of 
research methods into clinical practice (Borkovec 2004).

Improving Outcomes by Thorough Training in 
Empirically Supported Interventions

The primary value of empirically supported interventions is often thought of 
in terms of having a standardized treatment that improves a targeted outcome. 
This is important, but as previously reviewed, these interventions do not work 
for everybody, and there are many domains of functioning for which effective 
practices have yet to be identifi ed. Providing clinicians with a solid foundation 
in empirically supported  psychosocial treatments may, however, yield addi-
tional benefi ts to clients, both in terms of better outcomes in domains which 
are the focus of established practices as well as other domains not previously 
targeted by those practices. 

Empirically supported psychosocial treatments are standardized in manu-
als, and learning them usually involves a combination of reading, attending 
lectures, observing how other skilled practitioners use the model, practicing 
skills (both in role plays and with actual clients), and receiving regular supervi-
sion on efforts to implement the program. The structure imposed by each spe-
cifi c practice, and the process of learning a practice through observing how ex-
perts model it, combined with repeated opportunities to practice specifi c skills 
and receive supervisory feedback (i.e., shaping), provides an ideal platform for 
teaching core clinical competencies that extend beyond the specifi c practice 
itself. The repeated practice and honing of skills incorporated into an empiri-
cally supported program, to the point of overlearning, may enable clinicians to 
develop expert performance capabilities in the practice (Ericsson and Charness 
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1994). Clinicians may then be able to use this expertise in new, creative ways 
to improve their ability to address other problems and goals.

For example, training in  family interventions involves learning how to 
reach out and engage signifi cant others (along with the client) in a collabora-
tive relationship with the treatment team, demonstrating concern and empathy 
for the challenges faced by relatives and signifi cant other people, evaluating 
the concerns and priorities of family members, providing information, enlist-
ing family support, and teaching  stress reduction strategies. While family in-
tervention programs were originally developed to reduce the risk of relapse 
and hospitalization following a recent relapse, the clinical skills involved in 
working with families have many other potential applications:

• The clinician working with a young mother with schizophrenia who 
had diffi culty caring for her infant enlisted the help and support of her 
parents and sister to reduce the burden of caring for her child, to help 
her improve her parenting skills, and to facilitate the management of 
her mental illness.

• Two leaders of a  social skills training program in a residential setting 
serving severely ill, formerly institutionalized clients with schizophre-
nia engaged and regularly met with frontline residential staff to educate 
them about serious mental illness, obtain their perspectives on prob-
lematic social situations experienced by the clients, review skills tar-
geted in the skills training program, and collaboratively work out plans 
to help clients practice and use skills in appropriate situations in the 
residence (Bellack et al. 2004a).

• The  supported employment specialist of a client who frequently missed 
appointments, and whose family was not supportive of him getting 
a job, reached out and engaged the family, and identifi ed their chief 
worry about work-related stress causing a relapse. The specialist ad-
dressed these concerns by explaining to the family that involvement in 
meaningful and structured activities (such as work) can actually protect 
people with schizophrenia from stress, and then reviewed with them 
the client’s current strategies for preventing relapses. This information 
allayed the family concerns, ensured their support, and led to several 
job leads from friends of the family.

Similar examples could be provided for other empirically supported treat-
ments. For example, cognitive restructuring, a core skill learned by clinicians 
who provide  cognitive behavioral therapy for psychosis, can be used to:

• address self-defeating thinking in a client who has had diffi culty get-
ting work (“I’ll never get a job”) and shows minimal follow-through 
on job search activities when participating in supported employment;
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• reduce the severity of symptoms such as ideas of reference and thought 
broadcasting that interfere with a client practicing social skills in com-
munity situations; and

• help the parents with a son who has schizophrenia, who are partici-
pating in  family intervention together, cope with and move past their 
pervasive feeling of loss and despair about his mental illness by refram-
ing their understanding of what recovery means, and appreciating his 
potential to live a meaningful and rewarding life, despite having this 
disorder. 

Thus, investment in training clinicians in multiple effective psychosocial prac-
tices could have synergistic benefi ts as many of the practices involve comple-
mentary skill sets. Expertise across different practices could increase compe-
tence at each of the established practices.

Summary and Conclusions

Psychosocial treatment (or psychiatric  rehabilitation) of schizophrenia encom-
passes a great variety of interventions aimed at improving functioning across 
multiple domains, including cognitive functioning, social relationships,  inde-
pendent living skills, work or school, socioenvironmental adjustment, symp-
toms, and well-being. Psychosocial treatments can be provided in a variety of 
different modalities (e.g., individual, group, family) and may involve environ-
mental modifi cations such as the provision of practical supports or  contingent 
reinforcement of adaptive behavior. Over the past two decades, the  recovery 
movement (led by persons with a mental illness, referred to as “consumers” 
in the United States or “service users” in Great Britain) has successfully chal-
lenged traditional medical defi nitions of recovery from mental illness as the 
 remission of all symptoms and relapses, and has argued for a new defi nition of 
 recovery that emphasizes living a personally meaningful life, including quality 
of social relationships, independent living, role functioning, and well-being. 
The recovery movement has also underscored the importance of a client par-
ticipating actively in their own treatment, including the setting of  goals and 
participation in  shared decision making about treatment options. 

Signifi cant progress has been made in the development and validation of 
effective psychosocial treatments for schizophrenia, including contingent re-
inforcement (i.e.,  token economy),  supported  employment,  cognitive behav-
ioral therapy,  social skills training,  cognitive remediation, family intervention, 
and training in illness  self-management. Most of these interventions, however, 
have not been routinely implemented in standard clinical practice, including 
programs for which there is an evidence base for well over a decade. Research 
shows that empirically supported psychosocial interventions can be imple-
mented in routine treatment settings with good fi delity to the models. However, 
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major obstacles to dissemination remain. One obstacle is the relative lack of 
training in empirically supported interventions for serious mental illness in 
graduate schools for mental health professionals (e.g., clinical psychologists, 
social workers). A second challenge is the need for more attention to under-
standing the processes involved in implementing an effective practice into 
routine care, such as organizational and fi nancing factors, clinicians’ attitudes 
and skills, the involvement of clients and other stakeholders, and methods for 
adapting a practice to the treatment setting while maintaining fi delity to the 
original model.  Implementation science is still in its infancy but stands to play 
an increasingly important role in the fi eld as further psychosocial treatments 
are empirically validated but wait to become integrated into usual practice.

Future psychosocial interventions for schizophrenia will benefi t from fur-
ther  research aimed at understanding the predictors of benefi t from empirically 
supported interventions and the critical components of effective treatment 
programs. Such research has the potential to target factors that limit response 
to treatment (e.g., impaired cognitive functioning) and to enhance the most 
important elements of intervention. There is a need to facilitate accurate and 
sensitive measurement of goals and outcomes so that clinicians can routinely 
monitor progress and tailor their interventions accordingly, thereby leading to 
more personalized treatment. The importance of individual tailoring of treat-
ments also suggests that a linear process of research informing practice should 
not be assumed, and that practice has much to contribute to research. Thus, 
 practice-based treatment, and establishing practice research networks, has the 
potential to improve treatment. Finally, the training of clinicians in empirically 
supported psychosocial interventions may reap benefi ts above and beyond 
their ability to provide any one practice. Training clinicians across the spec-
trum of effective treatments may lead to superior clinical competencies that 
improve their ability to tailor treatment to the personal needs of the client, and 
to target other areas for which established effective practices do not yet exist.
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Creative Solutions to 
Overcoming Barriers in 
 Treatment Utilization
An International Perspective

Wulf Rössler

Abstract

Despite the noteworthy changes in the provision of mental health services in all indus-
trialized countries, there are still considerable defi cits in the treatment and care of per-
sons with mental illness. This is particularly true for those with serious illnesses such as 
schizophrenia as one- to two-thirds of all severe cases of mental disorders go untreated.

This chapter addresses the determinants of  help-seeking behavior and methodologi-
cal issues related to the assessment of needs for care. Help-seeking behavior is affected 
by (a) prior personal experiences in looking for assistance, (b) the social environment 
and the infl uence of signifi cant others, and (c) the overall disease and treatment con-
cepts of the individual. Several approaches taken toward reducing the proportion of 
untreated persons in need of help are discussed, ranging from a general political level 
to more specifi c  health care policy. Finally, strategies are discussed for improving the 
way in which mental health professionals can shape their personal relationships with 
patients and learn to respect their ideas about the causes of their disorder so as to in-
clude them in all treatment decisions. In  mental health care, the relationship between 
 patient and therapist is one of the most important  treatment factors, serving as a reliable 
predictor of  outcome, regardless of diagnosis, setting, or type of therapy used. 

Introduction

Remarkable changes have been made in how mental health services are pro-
vided in all industrialized countries where large state-run mental hospitals have 
been downsized in favor of outpatient services within communities. This pro-
cess of  deinstitutionalization has not only brought a shift of fi nancial resources 

Downloaded from http://direct.mit.edu/books/oa-edited-volume/chapter-pdf/2109411/9780262314602_c001700.pdf by guest on 02 January 2024



262 W. Rössler 

from inpatient to outpatient care, it has also been accompanied by a signifi -
cant increase in those resources (Gustavsson et al. 2011). Furthermore, major 
developments have occurred in the pharmacological, psychotherapeutic, and 
psychosocial treatment of mentally ill persons.

Several surveys of the general population have revealed that a high 
prevalence of mental disorders can create an enormous burden for disease 
management (Rössler 2006). It also has become clear that many persons with 
such disorders do not use or do not receive mental health services tailored 
to their objective treatment needs (Alonso et al. 2004, 2007; Bijl et al. 2003; 
Kessler et al. 2005; Saldivia et al. 2004). For example, Bijl et al. (2003) analyzed 
the prevalence rates and treatment estimates from Canada, Chile, Germany, the 
Netherlands, and the United States—all countries with considerable variance 
in their mental health treatment settings. Estimates for 12-month prevalence 
(i.e., the proportion of a population under investigation that has experienced a 
mental disorder during the past year) range between 17.0% (Chile) and 29.1% 
(United States). Treatment rates vary signifi cantly across countries, from a low 
of 7.0% in Canada to a high of 20.3% in Germany, with a U.S. rate of 10.9%. 
Prevalence rates and overall treatment rates show no direct relationship. 
Although the probability of receiving treatment is strongly related to the 
severity of the disorder, between one- to two-thirds of all persons with serious 
cases obtain no treatment in a given year (Bijl et al. 2003). Undertreatment of 
serious cases is most pronounced among young, poorly educated males.

European countries show considerable differences in their use of drug 
and  psychotherapy treatments, which are diffi cult to explain. For example, in 
Great Britain, almost 40% of all treated patients are given medication, but the 
proportion of patients receiving psychotherapy is comparatively low (about 
12%). By contrast, just over 15% of patients in Denmark with mental health 
problems receive medication. Overall, the proportion of people who undergo 
psychotherapy because of mental problems is much smaller (10–20%) than 
for those who get medication. The fact that nonspecialists rarely provide 
medication and psychotherapy demonstrates the severe undertreatment of such 
disorders in primary care (OECD 2012).

These high rates of unmet needs have provoked critical discussion over 
the structure of psychiatric and psychosocial services. Potential reasons for 
mentally ill persons not receiving  mental health services according to their 
needs can range from the individual (e.g., a patient’s subjective perception of the 
illness, a caregivers’ infl uence, questions of demand and supply, socioeconomic 
factors, or the impact of society, such as that pertaining to  stigmas associated 
with mental illnesses) to questions about the appropriateness of professional 
services that are offered.

In this chapter, this topic is approached from several perspectives. We 
begin with a general discussion of what is meant by the concept of “unmet 
needs.” Thereafter we focus on those needs for severely mentally ill patients, 
in general, and for persons with schizophrenia, in particular.
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The Concept of Needs

The concept of needs is intuitively quite appealing. It implies that we have a 
checklist available for the objective criteria of “need.” The starting point for 
such a need evaluation is the prevalence rate of mental illness in the general 
population.

Over the last few decades, highly structured research interviews were 
developed that allow a reliable assessment of mental symptoms and, con-
secutively, the identifi cation of “cases” in large population samples. Over time, 
modifi cations to these assessment instruments have revealed their sensitivity to 
seemingly small changes and, likewise, their limitations when defi ning needs for 
care and treatment (Regier et al. 1998). Unfortunately, due to differences in the 
construction of these instruments, some of the best-known general population 
surveys have produced quite different rates for individual disorders (Andrade 
et al. 2003; Andrews et al. 2001; Bijl and Ravelli 2000; Jenkins et al. 1997; 
Kessler et al. 2003; Regier et al. 1993). Regier et al. (1998) compared two large-
scale surveys conducted in North America at approximately the same time: the 
 Epidemiological Catchment Area Study (ECA) and the  National Comorbidity 
Survey (NCS). For ECA, they calculated selected prevalence rates of 4.1%, 
4.2%, 9.9%, 1.1%, and 1.6% for diagnoses of alcohol dependency, major 
 depression,  anxiety disorder, panic disorder, and social phobia, respectively; 
in NCS, prevalence rates were 7.4%, 10.1%, 15.3%, 2.2%, and 7.4%. Similar 
differences were found when lifetime prevalence rates were compared. 

It is diffi cult to interpret such diverging fi gures and to identify the magnitude 
of the population in need, if we do not assume that those values indicate true 
differences. It is much more likely that the diffi culties in making a reliable 
case assessment contribute the most to those differences (Cooper and Singh 
2000). However, not only do these contrasting data raise concerns about the 
comparability of different studies, assessments which reveal consistently high 
rates also invite serious questions about the clinical signifi cance of all of these 
disorders. Thus far, this (epidemiological) discussion has made clear that the 
recourse to symptoms is not suffi cient when defi ning a group of persons in 
need (Wittchen 2000).  DSM-IV included clinical signifi cance criterion, which 
requires that symptoms cause “clinically signifi cant distress or impairment 
in social, occupational, or other important areas of functioning.” This rule 
attempts to minimize false-positive diagnoses in situations where the symptom 
criteria do not necessarily indicate pathology on pragmatic grounds. This 
argument has been particularly emphasized in the discussion over the revision 
of the  DSM-5 (Regier et al. 2013).  

Because most human behavior is located along a continuum, no clear cutoff 
point exists to separate good health from illness and, as such, defi ne a point 
where the need for treatment exactly begins. Instead, categorical  classifi cation 
systems do not represent natural illness entities but, rather, constitute agreed-
upon defi nitions for designating a (certain) mental illness on pragmatic grounds. 
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This continuum approach has been widely accepted for affective disorders 
(Angst et al. 2003). Comparable emerging debate now concerns psychotic 
disorders. Within a general population, van Os et al. (2009) have calculated 
a rate of about 5% for psychotic symptoms that are below the threshold of a 
psychotic disorder (see also Rössler et al. 2013)—a percentage which is fi ve 
times higher than that reported for full-blown schizophrenia. 

From a professional perspective, a signifi cant proportion of persons with 
subclinical psychosis display mental symptoms which are, to a varying degree, 
accompanied by functional disability. Using data gathered over a period of 30 
years from a community cohort in the Canton of Zurich, we have concluded 
that those symptoms are associated with signifi cant dysfunction in social roles 
(Rössler et al. 2007). These symptoms are of clinical importance because their 
presence may increase the risk for  comorbid mental disorders (Rössler et al. 
2011), including those related to substance use (Rössler et al. 2012). In terms 
of schizophrenia spectrum disorders, the reference population is obviously 
much larger than has been commonly assumed. Because persons affected at a 
threshold below that of a psychosis diagnosis are subjectively distressed and in 
need of help, it is quite likely that physicians “upgrade” the symptomatology to 
a respective psychiatric diagnosis, which then offi cially allows them to pursue 
psychiatric treatment.

Determinants of Help-Seeking Behavior 

 Help-seeking behavior by an individual is affected by prior personal experi-
ences in looking for assistance, by the social environment and the infl uence 
of signifi cant others, and by the overall disease and treatment concepts of 
that individual. To evaluate these concepts as a whole, Lauber et al. (2000) 
conducted a representative population survey in Switzerland with a de-
tailed focus on lay opinions about mental disorders and their treatment op-
tions (Lauber et al. 2001). Respondents were presented with two vignettes 
based on DSM III-R: one described depression; the other, schizophrenia. 
Respondents were then asked for their impressions about what might be 
helpful in treating those disorders. Respondents could choose from a list of 
health services and professions, while also selecting various individual treat-
ment measures. Overall, 68% chose “psychologist” fi rst, followed by “fam-
ily doctor” (57%) and “psychiatrist” (51%). After “ psychotherapy” (42%), 
“inpatient treatment” or individual treatment measures (e.g., “medication” or 
“electroconvulsion therapy”) were recommended by less than 20%. Within a 
similar magnitude, “homeopathy” (19%) or “natural remedies” (20%) were 
also proposed.

The answers differed with respect to the two vignettes. A larger portion of 
the respondents recommended consulting a “psychiatrist” for schizophrenia 
than for  depression. Furthermore, drug proposals varied, with the  public 
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distinguishing between antidepressants and antipsychotics. “Psychiatric 
hospitalization” and “ psychotherapy” were considered to be more helpful for 
schizophrenic persons than for depressive individuals. However,  antipsychotics, 
“psychiatric hospitalization,” and “psychotherapy” were considered more 
harmful for depressive than for schizophrenic individuals.

With regard to the different diagnoses, it was crucial when suggesting 
a treatment to know if the disorder was perceived as a “life crisis” or a 
“disease.” Those respondents who considered the person to be in a life crisis 
preferred nonmedical interventions such as “social workers,” “telephone 
counseling,” “naturopaths,” and “homeopathy.” They opposed standard 
psychiatric therapy that included “psychiatrists,” “ psychopharmacology,” 
and “psychiatric hospitalization.” However, if the described person was 
perceived to be mentally ill, respondents recommended signifi cantly more 
traditional psychiatric intervention strategies (“psychiatrist,” “psychotherapy,” 
and “psychopharmacology”). Furthermore, treatment strategies viewed as an 
alternative to traditional medicine (e.g., “naturopaths” or “vitamins”) that were 
also used “to deal with the situation alone,” were viewed as harmful.

Such concepts must necessarily have an impact on help-seeking behavior. 
First, it is striking that laypeople have confi dence in individual persons and 
not treatment measures. Above all, family physicians (and, in Switzerland, 
also psychiatrists) appear trustworthy; their treatment methods, however, 
are seen as signifi cantly less reliable. The fact that the professional group 
“psychologist” and the method of treatment “psychotherapy” received the most 
nominations makes clear that most people want nonstigmatizing professional 
help. Pharmacological treatment obviously is considered in opposition to such 
a concept because it implies that those affected will lose control over their 
lives when using medication. This is also suggested by the general linguistic 
usage concerning medication: “chemical straitjacket” or the “tranquilization” 
of a person.

Against this attitudinal background, an affected individual—often in accord 
with their family or other important caregivers—then decides in a second step 
whether and what help he or she wants to utilize. Because fi nancial barriers 
in Central European health systems do not play a major role in this decision-
making process, so-called “convenience factors” shape a person’s help-seeking 
behavior. One well-analyzed factor is the distance or travel time to a required 
institution. Approximately 40 years ago, a German Expert Commission 
assumed that a service user would accept a travel time of one hour. However, 
as several of our own analyses have shown, this threshold is far too high for 
psychiatric patients. In fact, travel time of just a half hour reduces the number 
of willing users by 50%. This applies to both outpatient (Rössler et al. 1991) 
and inpatient care (Meise et al. 1996). Thus, the decision to engage a health 
service is caught in a delicate balance, as demonstrated by the short-term 
decline in the utilization of psychiatric emergency services in Scotland during 
the 1990 Football World Cup (Masterton and Mander 1990).
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Socioeconomic Factors

Other factors that infl uence individual help-seeking behavior include those 
grounded in the social and environmental living conditions of potential us-
ers. The environmental perspective refers to the social characteristics of a 
geographical region, whereas the social perspective describes the individual 
psychosocial characteristics of those persons affected. Analyses about how so-
cioeconomic factors affect the onset and course of mental disorders, as well as 
the utilization of (mental) health services, have a long tradition in social-epide-
miological research. Since the pioneering work of Faris and Dunham (1939), 
the association between social factors and the development of mental disorders 
has been discussed controversially. Nevertheless, the relationships between 
indicators of deprivation (mostly socioeconomic indicators of diffi cult living 
conditions combined with a lack of social support) and help-seeking behavior 
are well documented and, in health planning, widely accepted (Folwell 1995; 
Gaebel et al. 2012; Lancet Global Mental Health Group et al. 2007).

Stakeholders

Unlike most other medical disciplines, agreement has been scarce in the fi eld 
of psychiatry among patients, caregivers, and professionals over the causes of 
mental disorders and how they should be treated.

Professionals 

By law, in all European and Anglo-Saxon countries, the task of an objective 
needs assessment lies with a physician. In general, that assessment must pre-
cede the making of any decision over a  treatment, which must then be labeled 
“necessary,” “suffi cient,” and “appropriate.” If no treatment type can address a 
need appropriately, then one deems this to be a “no (objective) need.” 

Objectives defi ned by professionals, however, do not necessarily correspond 
to those of patients. Physicians often seek to relieve a symptom, a goal they 
see as a necessary and suffi cient prerequisite for a better  quality of life. For 
patients, however, functional integration into family, work, and society is of 
utmost importance (Eichenberger and Rössler 2000).

To make things worse, psychiatrists are not the natural allies of persons 
with a mental illness. At best, psychiatrists hold the same opinion about them 
as does the general public (Lauber et al. 2004a). If we assess the attitudes 
of psychiatrists who work in institutional settings, we fi nd that they confi rm 
even more stereotypes about patients (especially with respect to patients with 
schizophrenia) than does the general public or even other professional groups 
who are involved in such treatment and care (Nordt et al. 2006).

To ensure that psychiatric treatment is effective, it is crucial to improve 
cooperation between patients and psychiatrists. We already know that a better 
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therapeutic relationship between the two parties is associated with closer 
adherence to medication among patients with schizophrenia (McCabe et al. 
2012). In mental health care, the relationship between patient and therapist is 
one of the most essential treatment factors, serving as a reliable predictor of 
 treatment  outcome, regardless of diagnosis, setting, or type of therapy used. 
Any perceived loss of autonomy will accompany a more negative dynamic 
between patient and clinician (Theodoridou et al. 2012).  

This relationship is not necessarily restricted to the dyadic situation between 
a patient and one therapist, nor does it focus exclusively on clinical outcomes. 
The therapeutic relationship is quite often extended to an entire team or several 
members of that team. Thus, a good relationship improves quality of life for the 
patient in general and vocational outcomes in particular (Catty et al. 2010, 2011).

Patients/Users/Caregivers

Concepts of disease and treatment diverge between patients and profession-
als and can result in signifi cant tensions. This is especially true for families 
with a member who suffers from schizophrenia. To address this, various psy-
choeducational programs have been developed to enhance understanding of 
schizophrenia, to provide information about various treatment options, and to 
enrich their coping strategies to deal with crises more successfully. The overall 
objective has been to reduce a families’ burden (Dixon et al. 1999).

From their perspective, caregivers for schizophrenic patients prefer early 
and prompt (inpatient) treatment over a suffi cient length of time, because a 
signifi cant proportion of caregivers experience physical violence prior to an 
acute exacerbation of the disease (Lauber et al. 2003). By contrast, patients 
often try to avoid inpatient treatment or opt for minimum care which takes the 
least amount of time. Caregivers often require detailed information about the 
course of treatment, which may not be disclosed to them without the consent of 
the patient. In the case of (premature) discharge from inpatient treatment, family 
members desire the broadest possible support for their caring responsibilities.

Some of this may explain the different attitudes of patients and caregivers 
toward medications. Caregivers prefer, whenever possible, to use depot 
medication to gain control, whereas patients themselves want maximum 
autonomy concerning their treatment (Jaeger 2010). For reasons of 
convenience, depot medication might be, for patients, a reasonable alternative 
to oral medication. However, on the whole, the degree to which an intervention 
is acceptable to a patient cannot be ignored (Perkins 2001).

Above all, patients seek to gain  self-esteem. The concept of  empowerment 
also entails being able to exercise control over a treatment through self-
determination and participation (Scott et al. 1999). These dimensions are 
strongly correlated with quality of life (Rogers et al. 1997). Although these 
considerations are part of the British  health policy (Lelliot et al. 2001), they 
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are not applied consistently when the primacy of  evidence-based medicine is 
postulated during the selection process of various treatment approaches.

The concept of empowerment, self-determination, and active participation 
in treatment has led to a new view of the course of serious mental illnesses, 
particularly schizophrenia. While professionals have for many decades held 
very pessimistic opinions about the course of schizophrenia, it is quite clear 
today that there is a remarkable  heterogeneity of outcomes for persons with that 
disease. Even if many of the affected do not return to premorbid functioning, 
most affl icted persons have a good chance for symptom remission,  independent 
living, vocational integration, intimate relationships, etc. Many services are 
now available that have adopted such a recovery-oriented view for patients 
(Farkas 2007).

 Public

The general public holds quite specifi c ideas about mental disorders and the 
objectives of psychiatric treatment. Their attitudes are determined by their dis-
comfort against the mentally ill, which then leads to demands for utmost secu-
rity. In the above-mentioned representative population survey in Switzerland, 
more than 70% of respondents favored compulsory treatment in the case of 
mental illness (Lauber et al. 2002). Between 60% and 75% said that a driver’s 
license should be revoked in such cases, while 26% to 39% proposed that a 
pregnant woman should consider an abortion if she has ever suffered from 
a severe mental disorder. In addition, between 19% and 34% of the overall 
population has recommended that the right to vote be withdrawn in the event 
of a mental disorder (Lauber et al. 2000).

These wide-ranging expectations for psychiatric treatment and care make 
it clear that, in terms of resource allocation, psychiatry cannot have top 
priority. However, where the security needs of the population are very high, 
the public believes that considerable investments can be made (e.g., in the case 
of drug addicts or sex offenders) to ensure that such persons are excluded or 
marginalized from general societal life. All of this makes clear how urgently 
we need more public education about schizophrenia and other serious mental 
illnesses to reduce their attendant  stigma and  discrimination.  

Cost-Benefi t Ratio

Accompanying these tense relationships between patients, medical staff, and 
the population at large is another dimension:  cost-benefi t ratios. For effi cient 
use of resources, it is essential to choose treatment methods with the best ratio. 
For example, when assessing schizophrenia  treatments, we can either increase 
the vulnerability threshold (drugs or psychosocial means) or reduce environ-
mental stresses (e.g., via sheltered work and housing). Drugs are highly effec-
tive in preventing relapses and can also be applied in psychosocial treatments, 
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albeit to a lesser extent. Mojtabai et al. (1998) have demonstrated in a meta-
analysis that a combination of medication and psychosocial treatment delivers 
the best results. From a health economics perspective, however, the gap is 
wide among costs associated with these different approaches. Out of the over-
all cost for treating schizophrenia, sheltered living and working environments 
account for approximately 40% of the annual totals, while the expense of 
drugs amounts to only about 6% (Salize and Rössler 1996; Salize et al. 2009). 
Although the costs of psychotropic medication for treating schizophrenia have 
tended to remain at that level, a recent cost analysis of six European countries 
(Salize et al. 2009) has demonstrated a 12-fold difference in the total treatment 
costs for schizophrenia between the “cheapest” and “most expensive” country. 
That difference is mostly due to the costs of sheltered living and working in 
those places.   

Overcoming Barriers in Treatment Utilization

Each year, one- to two-thirds of all serious cases of mental disorders go un-
treated (Bijl et al. 2003). Several signifi cant factors that infl uence help-seeking 
behavior, such as structural deterrents to service utilization or attitudinal barri-
ers by the general public, could be addressed at a political level.

Financial barriers do not play a compelling role in precluding utilization in 
Central Europe: almost 100% of the population is covered by health insurance, 
and the public generally has free and equal access to all health services. In 
other parts of the world, including the United States, objective problems arise 
in providing and, consequently, taking advantage of mental health services.

A remarkable attitudinal change has occurred in some portions of Europe, 
especially toward affective disorders, for which there has been a major shift 
in de-stigmatization. This development can be attributed to the fact that the 
general public acknowledges today that affective symptoms are part of our 
everyday life, whereas psychotic symptoms seem to refer only to a very small 
proportion of the population. The emerging topic of subclinical psychosis has 
allowed professionals to convey to citizens the sense that psychosis is much 
more widespread in the general population than has historically been thought: 
(subclinical) psychosis is something that may apply to one’s own family and is 
not something that usually happens only to others.

From a  health policy perspective, it seems advisable to broaden the concept 
of psychosis, because resource allocation in health care follows the idea that 
fi nancial resources will be preferably placed where we expect the highest health 
gains for the general population. An enlarged concept increases the proportion 
of the general population who might be affected and, likewise, improves the 
probability that those fi nancial resources will be invested toward caring for 
psychotic disorders.
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To reduce the stigma attached to mental illness, we must demonstrate the 
advantages of a life-crisis model concerning the onset of mental disorders when 
compared to a disease model. The general public perceives  environmental 
stressors to be a signifi cant source that impacts the onset of those disorders. 
Media coverage of “burnout” has contributed to that process because it refl ects 
these lay opinions. However, the appeal of a concept such as burnout does 
not (yet) extend to schizophrenia, which has been conceptualized more as a 
disease (Lauber et al. 2002). By applying the ideas of subclinical psychosis, 
where environmental factors are more prevalent (Rössler et al. 2007), the  life-
crisis model could be promoted in the same manner, thereby leading to greater 
(societal) acceptance of persons with schizophrenia.

The existence of burnout allows  mental health workers as well to take 
a different view of their own profession. Several studies have identifi ed 
stressors that are unique to the psychiatric fi eld. These challenges range from 
the stigma of the profession, to particularly demanding relationships with 
patients and diffi cult interactions with other mental health professionals as 
part of multidisciplinary teams, to personal threats from violent patients. Other 
sources of stress are a lack of positive feedback, low pay, and a poor work 
environment. Finally, patient  suicide is a major stressor, upon which a majority 
of mental health workers report  posttraumatic  stress symptoms (Rössler 2012).

In clinical practice, professionals could encourage better help-seeking 
behavior by improving the way in which they shape their personal relationships 
with patients, respect their ideas about the causes of their disorder, and include 
them in all treatment decisions. In  mental health care, the relationship between 
patient and therapist is one of the most important treatment factors, serving 
as a reliable predictor of  outcome, regardless of diagnosis, setting, or type of 
therapy used (Theodoridou et al. 2012). Professionals should also reconsider 
their attitudes toward those with mental illness. Rather than revering the  defi cit 
model of  schizophrenia, hope and optimism should be offered, knowledge about 
the illness and relevant services should be provided, and the  empowerment of 
our patients should be supported, as these domains have been identifi ed as 
important to a recovery orientation (Resnick et al. 2004). Lending hope and 
optimism will also reduce the  self-stigma of the affected person (i.e., blaming 
oneself for the disorder) because increased self-stigma is associated with a 
decreased willingness or ability to seek help (Rüsch et al. 2009).

In fact, the true scandal lies in the  treatment of the severely mentally ill, 
particularly individuals with schizophrenia. Based on current knowledge, only 
a minority of these patients receives appropriate treatment and care. Already in 
1998, Lehman stated that signifi cant gaps exist between scientifi c knowledge 
about the effi cacy of treatments and the availability of those treatments 
in routine practice (Lehman 1998). The Schizophrenia  Patient Outcomes 
Research Team (PORT) provided, in 2009, a comprehensive summary of 
current   evidence-based psychosocial treatment interventions for persons 
with schizophrenia (Dixon et al. 2010). PORT produced eight treatment 
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recommendations:  assertive community treatment,  supported  employment, 
 cognitive behavioral therapy,  family-based services,  token economy, skills 
training, psychosocial interventions for alcohol and substance use disorders, 
and psychosocial interventions for weight management. Only a few have been 
implemented in routine clinical practice settings. This raises serious concerns 
about access to care, as well as the appropriateness and quality of care that is 
offered—aspects which lie mainly within our realm of responsibility.
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What Is Necessary to 
Enhance Development and 
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Anil K. Malhotra, Andreas Meyer-Lindenberg,
Kim T. Mueser, Karoly Nikolich, Wulf Rössler, 

William Spaulding, Sharmili Sritharan, and Til Wykes

Abstract

This chapter is framed by four perspectives. The fi rst views schizophrenia as a heteroge-
neous disorder that may present itself very differently across individuals.  Heterogeneity 
has important implications for treatment approaches: for treatments to be optimally ef-
fective, they need to be tailored to the individual. The second perspective integrates what 
are often considered separate and divergent approaches to treatment in schizophrenia, 
bringing together, in both complementary and synergistic combination, the biological 
and the psychosocial. Within this perspective, clinical treatment models capable of being 
personalized to heterogeneous, individual profi les are proposed. The third perspective 
is a practical one that examines how the two extreme ends of the treatment continuum, 
 treatment development and  service delivery, can be optimized to ensure enhanced out-
comes for people with schizophrenia. Finally, treatment is viewed from the perspective 
of the whole person. This not only has implications for mental and physical well-being 
and  quality of life in people with schizophrenia, but also takes into consideration the 
social context in which these individuals are placed. Overall, the approach offered, with 
its integration across multiple domains, emphasizes the potential for improved recovery 
rates and hope for  prevention and cure in this devastating disorder. 

Schizophrenia: Cure and Recovery

A Cure for Schizophrenia

This is a very exciting time for schizophrenia research. The journal Nature 
has declared the decade beginning in 2010 to be the “decade for psychiatric 
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disorders” in the hope that the neuroscience tools and paradigms developed in 
the “decade of the brain” can now be applied to identify new and better treat-
ments for mental illness.

Nowhere is this more urgent than for schizophrenia. The number of mecha-
nistically novel pharmacological treatments for schizophrenia has been dis-
appointingly low. Government-sponsored large-scale naturalistic trials have 
suggested that there is little difference in effi cacy between newer antipsychotic 
agents compared to older drugs. Most patients with schizophrenia still do not 
marry, have a severely compromised educational and job trajectory, and die on 
average 15 years earlier than the general population. The illness defi nition is 
currently based on a combination of psychopathological features observed by 
patients and their caregivers as well as duration criteria. To be useful for treat-
ment, our understanding of the individual processes lumped together under 
the label “schizophrenia” will have to be refi ned for individualization to be 
possible.

The most useful entry points into this process are the clear biological risk 
factors for the illness:  genetic and  environmental factors. The pursuit of risk 
mechanisms is therefore a major strategy to individualize treatment and to 
fi nd new treatments (Meyer-Lindenberg 2010a) because truly novel targets 
for molecular therapies can only emerge from the detailed understanding of 
the molecular mechanisms of the illness; genes with their products, if they 
have been found through hypothesis-free searches, are pointers to such novel 
mechanisms. Ever better designed, better characterized, and larger multina-
tional studies are necessary and are being pursued to identify new genetic and 
environmental risk factors. Longitudinal studies which focus on the period 
around adolescence are underway in several countries and are expected to give 
us a better understanding of the way these risk factors interact with brain de-
velopment. Another potentially paradigm-changing advance is that, through 
techniques such as  induced pluripotent stem cells, we are now able to generate 
neurons from a person with a known disease history and genetic makeup and 
study the metabolism and activity in these cells across their development, giv-
ing us access to the “target tissue” of psychiatry in a way that seemed impos-
sible even a few years ago (Brennand et al. 2011).

The pursuit of these new targets necessitates, in principle, the use of the 
entire armamentarium of modern neuroscience. For the fi rst time in history, 
psychiatrists truly need and can use techniques from whole brain genome se-
quencing and epigenetics to expression mapping, proteomics, and lipidomics 
to pursue their goals. One critical and specifi c task for psychiatric neuroscience 
is to integrate this information with an understanding on the neural systems 
level (e.g., in the technique of “  imaging genetics”) so as to bridge the gap be-
tween cellular–molecular mechanisms and disturbed behavior.

An understanding of the mechanisms underlying schizophrenia is also criti-
cal for the generation of better  animal models for use in the identifi cation of 
new drug molecular candidates. Schizophrenia affects human-specifi c faculties 
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such as language and higher cognition. Clearly, these features cannot be mod-
eled in animals.  Animal models currently used for schizophrenia have been 
directly derived from the profi le of the currently used antipsychotic agents that 
are related to dopaminergic blockade. There is little evidence that these behav-
ioral features are a good model for schizophrenia. A better understanding of 
mechanisms could be decisive in designing a new generation of animal models 
that are more predictive for effi cacy through delineating neural systems that 
are implicated in schizophrenia.

Sometimes, however, “the best experimental animal is the human.” This is 
especially true in psychiatric  drug development, where the success rate in pre-
dicting which new medications are effective is disappointing. A new genera-
tion of applying systems-level neuroscience in early drug trials in humans will 
constitute a revival and focusing of experimental medicine in psychiatry. This 
concept, which has been extraordinarily fruitful in bringing about advances in 
oncology and hematology, is ripe for application for schizophrenia.

It is entirely possible that, in the end, “the answer” about schizophrenia is 
suffi ciently complex as to require the study of the multiple risk pathways that 
combine in a given person to push him or her over the threshold to develop 
the illness. For schizophrenia research, computational approaches and espe-
cially  computational neuroscience will be tremendously important to be able 
to quantify the effects that perturbations on genetic and environmental levels 
have on systems-level function. A comprehensive characterization of the neu-
ral risk architecture of schizophrenia through these various approaches, and 
their integration, provides a crucial  translational research strategy for advanc-
ing new treatments for the illness. 

Recovery in Schizophrenia

Over the past twenty years, the  recovery movement has evolved to become a 
driving force in changing how major mental illnesses, including schizophre-
nia, are understood and treated (Silverstein and Bellack 2008). “Consumers” 
of mental health services (also called “service users”) have protested against 
the pessimistic messages they have been given about the long-term outcome 
of serious mental illness, pointing to longitudinal research that shows symp-
tom remission and functional improvement in signifi cant proportions of people 
with schizophrenia (Davidson et al. 2005; Deegan 1991). Consumers have also 
argued for the reduction of coercive interventions and a change from hierarchi-
cal  decision making to more collaborative approaches that respect their indi-
vidual preferences and their need to determine their own treatment priorities 
(Chamberlin 1997b; McLean 1995). Perhaps the most signifi cant impact of 
this movement has been its challenge of traditional medical perspectives on 
 recovery from mental illness that have emphasized remission of symptoms and 
associated impairments, in favor of more nuanced and personally meaningful 
defi nitions. For example,  remission from schizophrenia has been defi ned in the 
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medical community in terms of meeting distinct thresholds of sustained im-
provement in symptomatic, cognitive, and functional domains of the disorder 
(Andreasen et al. 2005). Although there is less agreement about how recovery 
from schizophrenia should be defi ned, it has been broadly conceptualized as 
encompassing  remission of symptoms and functional impairments, while also 
extending to improved  quality of life (Leucht and Lasser 2006).

New conceptualizations of  recovery focus on personal growth, and estab-
lishing meaning and sense of purpose in life, despite having a mental illness 
(Anthony 1993). The desire for a more personally meaningful defi nition of 
recovery than symptom remission frequently evokes different areas of  psycho-
social functioning. For example, the President’s New Freedom Commission 
on Mental Health (2003:6) defi nes recovery as “…the process in which people 
are able to live, work, learn, and participate fully in their communities.” Thus, 
according to the  recovery movement, improvements in psychosocial function-
ing are a greater treatment priority than symptom management or remission.

Is Prevention Feasible?

Prevention of illness is preferable to cure, but what is the disease target of 
the prevention? Is it  psychosis generally or schizophrenia specifi cally? The 
two are not the same, and the focus of the intervention may differ, depending 
on the disease target. Most studies of risk intervention prior to illness onset 
focus on psychotic-like experiences. However, to date, there has been minimal 
success in identifying which young people will convert to psychosis within 
high-risk and prodromal samples (i.e.,   help-seeking groups whose at-risk sta-
tus is determined in the clinic, generally on the basis of psychotic symptoms). 
Moreover, it remains unresolved whether these interventions prevent schizo-
phrenia or ameliorate its course. Psychotic symptoms may be too far along 
the illness trajectory to be a viable target for the prevention of schizophrenia. 
It is likely that, by the time fi rst episode cases are manifest, a critical point 
for primary prevention has been missed. In this regard, several studies have 
demonstrated that psychosis is preceded by cognitive and social dysfunction 
by almost a decade, suggesting that prevention may need to start years earlier, 
targeting cognition and social function, rather than the more common target of 
psychotic-like experiences. This does not reject the  at-risk state and prodrome 
as targets for  secondary  prevention, which we examine in some detail later.

Defi ning Prevention

We use the term  primary prevention to refer to broad  public health interven-
tions that reduce incidence of illness or comparable problems in the general 
population, for example,  nutritional programs, after- school activity programs, 
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general health education. We use this to refer to interventions in the pre-pro-
dromal period in schizophrenia.

We use the term secondary prevention to refer to focused interventions that 
target subpopulations identifi ed as being at risk for developing illnesses or 
comparable problems, for the purpose of preventing the actual onset. We use 
this to refer to interventions in the  at-risk or prodromal period in schizophrenia.

We use the term  tertiary  prevention to refer to focused interventions that 
target subpopulations after the onset of illnesses or comparable problems, for 
the purpose of minimizing morbidity or chronicity. We use this to refer to in-
terventions after illness onset in schizophrenia. 

A Target for Primary Prevention in Schizophrenia: 
Relative Decline in Cognition in Early Adolescence

As described by Kahn (this volume), a decline in cognition relative to peers 
(developmental lag) in late childhood/ early  adolescence may be the strongest 
indicator of early manifestations of the illness. We distinguish cognitive de-
cline from enduring cognitive defi cit. While both forms of cognitive defi cit 
may increase the risk of schizophrenia, our focus here is on cognitive decline 
as it is likely to be more refl ective of eventual  psychosis, and may be most 
amenable to primary prevention. We note also that cognitive decline is distin-
guished from normal variability in IQ that has been observed in adolescence 
(Ramsden et al. 2011).

Our proposal, in its current state, is not a model of clinical intervention, but 
a research strategy with the potential to lead to primary prevention. The strat-
egy involves identifying, on the basis of school grades or similar measures, 
children in late childhood/early adolescence living in the general community, 
who exhibit cognitive decline relative to their peers. These children would be 
the target of  school-based interventions. It is important to note that schizophre-
nia would neither be a necessary nor sole endpoint in this proposed strategy, as 
the intervention is likely to have an impact on a range of disorders. By taking 
this approach, however, we may learn how to predict and prevent schizophre-
nia on the basis of relative  cognitive decline.

What Is This Thing Called Schizophrenia?

The proposed strategy outlined above considers cognitive decline as a  closed 
construct within an  open construct. If a putative illness, in this case schizo-
phrenia, is an open construct, its exact features and parameters are indistinct or 
unknown, and the distinction between primary, secondary, and tertiary preven-
tion is unclear. For example, if cognitive decline is understood to be an early 
expression of schizophrenia, interventions directed at it are, by defi nition, after 
onset, thus constituting tertiary prevention aimed at arresting further cognitive 
decline and/or further progress of the illness. On the other hand, if cognitive 
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decline is understood to be a risk factor or part of the prodrome, intervention is 
understood to be primary or secondary prevention. However, these are seman-
tic distinctions. The value of identifying and responding to cognitive decline 
has obvious importance, regardless of whether it is a risk factor, a prodrome, 
or an early expression of the actual illness.

Specifi city to Schizophrenia

It appears that  cognitive dysfunction—at least prior to psychosis onset—dis-
tinguishes schizophrenia from  bipolar disorder. A consistent pattern emerging 
from population-based studies worldwide is that  low IQ constitutes a risk fac-
tor for schizophrenia, but not for bipolar disorder or depression (Reichenberg 
et al. 2002; Zammit et al. 2004; Sørensen et al. 2012). Moreover, one study 
found that children with excellent  school performance had almost four times 
the risk of developing bipolar illness compared to children with average 
grades (MacCabe et al. 2010). A number of studies have reported a decline 
in cognitive function prior to the onset of schizophrenia (Fuller et al. 2002; 
Reichenberg et al. 2010). Whether a decline in cognitive function precedes 
the onset of bipolar disorder has not been addressed in population-based stud-
ies. However, a study of monozygotic and dizygotic twins discordant for bi-
polar disorder (Van Oel et al. 2002) found, in contrast to fi ndings from a 
similar study of discordant schizophrenia  twins, that the twin who went on 
to develop bipolar disorder, compared to the unaffected co-twin, did not do 
worse at school and only showed a temporary decline in functioning, with 
no long-term underperformance (Vonk et al. 2012). Taken together, evidence 
strongly suggests that low IQ and cognitive underperformance during adoles-
cence and at fi rst presentation of psychosis differentiates schizophrenia from 
bipolar disorder. 

A Research Strategy

This strategy aims to identify children and adolescents in the general popu-
lation who are cognitively at risk of poor future outcomes. Identifi cation of 
risk should be based on cognitive decline. The assessment of outcome should 
not be restricted to schizophrenia: schizophrenia is a relatively rare disorder, 
while cognitive decline in adolescence relates to a broader risk than schizo-
phrenia alone. Since abnormal cognitive development during adolescence may 
be related to other areas of dysfunction, assessment of other developmental 
abnormalities in this group is warranted, in particular, abnormalities in social 
development and the regulation of  emotion. This will permit examination of 
the relationship between cognitive decline and other impairments, and an ex-
ploration of underlying mechanisms. It will also help to distinguish cognitive 
decline from normal variability in IQ that occurs during adolescence, and may 
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have implications for our understanding the nature of schizophrenia and its 
 classifi cation. At present, the direction of the relationship between cognitive 
decline and these other abnormalities is open. Thus, we propose that this be 
an area for further  research. Consideration should be given to the inclusion of 
other assessments of at-risk status, such as the assessment of psychotic-like 
experiences. 

The optimal design is the naturalistic, longitudinal study of children in early 
adolescence, aged 10–14 years, who are followed up prospectively over time 
with multiple assessments so as to permit an examination of distal outcomes 
for these children, including but not restricted to schizophrenia. However, a 
major drawback of the optimal design is the length of time required before 
results from such studies are available to inform intervention strategies.

An alternative approach to conventional longitudinal cohort studies is to 
use population registers to establish an “electronic” cohort. This is a particular-
ly effective approach in jurisdictions such as Sweden, Denmark, and Western 
Australia, where there are networks of longstanding, whole-of-population 
administrative databases, including educational testing and psychiatric case 
registers, with linkage on the individual across registers under prescribed con-
ditions (Morgan et al. 2011). Establishing a cohort for study based on register 
data offers some advantages:

• Longitudinal data collected over an extended period means that one 
can examine  outcomes that are distal from the exposures of interest.

• Data are prospectively collected, eliminating recall bias.
• Examination of genetic infl uences and  gene–environment interactions 

are possible if the registers are multigenerational and genealogies can 
be established.

• The size of the databases ensures suffi cient power for most statistical 
purposes.

In Western Australia, current analysis of register data over the life course for 
children who develop psychotic illness includes, among others, data on famil-
ial liability, obstetric complications,  intellectual disability,  childhood abuse, 
school assessments, and mental health (Morgan et al. 2011).

The interim design, therefore, is based on the effi cient use of extant ad-
ministrative registers containing educational testing data. Employing a more 
interactive approach, testing data can be monitored over time to identify de-
cline in performance, with warning thresholds set. However, work would need 
to be completed that would establish the best thresholds based upon empirical 
data. Where possible, linking nationwide standardized educational tests to data 
on psychiatric case registers will be particularly informative at an early stage 
of study, and could be used to generate hypotheses for the optimally designed 
longitudinal studies. 

The proposed outcome is a research strategy that will inform interven-
tion programs for a broad range of children experiencing cognitive decline. 
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Brain development is quite variable and plastic during adolescence, with brain 
changes directly related to IQ (Brans et al. 2010; Schnack et al., submitted). 
Thus, interventions that improve plasticity, such as  physical activity (Pajonk 
et al. 2010) or cognitive interventions, could be benefi cial in ameliorating or 
optimizing brain development during this vulnerable stage in brain maturation. 
Given the young age of the children, between 10 and 14 years, they are likely 
to be an especially good target for  cognitive remediation.

Are There Other Targets for Primary Intervention?

Given the likely involvement of many genes and  environmental risk factors of 
small effect (such as infection,  nutrition,  urbanicity and  social adversity, and 
the breadth and complexity of these factors), there is a paucity of clear specifi c 
targets for primary  prevention of schizophrenia. Meyer-Lindenberg and Tost 
observe that “the scientifi c analysis of social environmental risk mechanisms 
highlights components of modifi able disease risk on the environmental level 
that provide entry points into both treatment, and, in some cases, prevention. 
Although many societal stressors such as social inequality are diffi cult to ad-
dress, factors such as social components of urbanization may be modifi ed 
through social policy, thereby enabling a truly preventative approach toward 
the enormous worldwide burden of mental illness” (Meyer-Lindenberg and 
Tost 2012:667).

Some of these targets lend themselves to population-based  risk prevention 
programs along the lines of   Head Start.1 Even though the number of cases 
of schizophrenia prevented would be relatively low, the advantage of these 
programs is their benefi t for many children at risk of wide-ranging adverse 
outcomes, encompassing psychiatric, educational, and social outcomes.

Alternatively, schizophrenia researchers could build on the  mild cognitive 
impairment (MCI) model of  dementia to identify targets for primary preven-
tion. The MCI model identifi es people at risk for dementia many years prior 
to the fi rst signs of dementia through MRI scans of hippocampal volume and  
PET scans of the accumulation of beta-amyloid. Not everyone with MCI de-
velops full dementia, but those with MCI are more likely to develop it than 
others. In schizophrenia, selection for testing could be based on the identifi ca-
tion of evident and progressive deterioration in  school performance and the 
assessment tools would include cognitive testing and structural MRI scans. 
Again, population-based selection and intervention reduces the risk of  stigma 
attaching to people with schizophrenia and provides benefi ts to all who are 
identifi ed.

1 A comprehensive U.S. health and education intervention aimed at children from low-income 
families; http://www.acf.hhs.gov/programs/ohs
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The  At-Risk State and the Prodrome as Targets for 
 Secondary Prevention: When Do We Start, Who Do 
We Treat, and With What Do We Treat?

The target for  secondary prevention is the at-risk state or prodromal phase in 
schizophrenia, before the onset of frank psychosis. While a number of factors 
may infl uence outcome in schizophrenia, evidence of a relationship between 
longer duration of untreated psychosis and poorer outcomes suggests the im-
portance of the early initiation of interventions, with recent data suggesting 
that the benefi ts of early treatment persist over time (Hegelstad et al. 2012). 
However, determining the critical point for  early intervention to halt schizo-
phrenia, or at least reduce its progress, is fraught with diffi culty. People at 
risk of schizophrenia may be identifi ed on the basis of familial risk factors 
or because they meet other risk criteria such as the presence of subthreshold, 
attenuated forms of positive psychotic symptoms, or experience a marked de-
cline in cognitive or other functioning. To date, however, there are no accurate 
disease markers to indicate who among these asymptomatic or only mildly 
symptomatic individuals will go on to develop the disease. While early inter-
vention is optimal for those who require it, misidentifi cation carries the risk of 
 stigma, potential exposure to unnecessary interventions, and other unintended 
consequences. As a result, treatment generally begins with the fi rst psychotic 
episode, when a person is symptomatic to the point of meeting criteria for 
some form of psychotic disorder. This then is  tertiary  prevention, applied after 
the onset of illness according to prevailing diagnostic classifi cations. This may 
be the fi rst entry point for pharmacological intervention in jurisdictions such 
as the United States, where the prodrome is not suffi cient for the prescription 
of antipsychotic medication and a diagnosis meeting DSM criteria is required.

Population-Based Mental Health Promotion 

An individual’s health, both physical and mental, is infl uenced by multiple 
factors. Some of these, such as sex and  ethnicity, cannot be modifi ed. Others, 
however, can: lifestyle risk factors, such as smoking, alcohol consumption, and 
poor nutrition. Health is also infl uenced by economic and  employment status 
which, in turn, interact with lifestyle risk factors. In this context, the impact 
of   poverty is notable. These latter factors not only determine an individual’s 
health status but also determine their access to health care.

Evidence-based mental health promotion in the community provides an op-
portunity to address lifestyle risk factors at the population level and comple-
ments other approaches to risk reduction and illness prevention. Rather than 
focus on those at highest risk, in an area where there are often no clear risk 
factor thresholds to separate those at risk of mental illness from those not at 
risk, a general population approach is able to capture the many more individu-
als in the community at moderate risk, thereby improving the risk profi le of 
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the entire population. This approach to  mental health promotion is in keeping 
with the population-based approaches to primary and  secondary prevention 
outlined above.

For example, a model of secondary  intervention in the  at- risk state or pro-
dromal phase might follow the primary prevention model for cognitive decline 
described earlier. This could employ a targeted public health approach similar 
to the approach in  Head Start (see above), with the intervention implemented in 
a normalized way to communities that include high-risk individuals. Although 
a “mental health for everyone” approach is possible, it runs the risk of missing 
the very subgroup that it aims to cover. Some interventions which lend them-
selves to broad implementation include  physical activity programs,  cognitive 
remediation, and nutrient supplementation (e.g.,  omega-3 fatty acids).

Focus of Treatment in Schizophrenia 

As a  DSM-5 or  ICD-10 disorder, schizophrenia is defi ned in terms of its char-
acteristic symptoms (e.g., positive, negative, and disorganized symptoms) and 
impaired psychosocial functioning.  Commonly associated features include 
other dimensions of psychopathology such as  substance abuse (Mueser et al. 
2000),  cognitive impairment (Heaton et al. 1994), poor physical health, and 
 premature mortality  (Brown et al. 2010). Thus treatments for schizophrenia 
have targeted multiple domains, ranging from basic brain and cognitive func-
tioning to  psychopathology, psychosocial functioning, and physical health.

Antipsychotic medication, the most common treatment in schizophrenia, 
targets the  positive symptoms of the disorder. The use of antipsychotic medi-
cation to manage acute symptoms and reduce hospitalization is a priority. 
However, these medications do not effectively reduce other defi cits in schizo-
phrenia, including negative symptoms and cognitive and psychosocial dys-
function. Moreover, through their  weight-gain side-effect profi le, they contrib-
ute to poor physical health in people with schizophrenia.

Although it is commonly accepted that different  treatments are required 
to span the broad range of affected domains, there is a need to focus greater 
attention on the integration of treatments across domains for three practical 
reasons. First, different life domains impaired in schizophrenia are moder-
ately interrelated and affect one another (Strauss and Carpenter 1972). For 
example, reduced cognitive functioning is strongly associated with more 
impaired  psychosocial functioning (Green 1996), whereas a combination 
of psychopathology (e.g.,  suicide, substance abuse), unhealthy lifestyle 
(such as smoking, poor  diet and a sedentary lifestyle), and poor manage-
ment of physical illnesses can all contribute to premature mortality (Druss 
et al. 2001; Gale et al. 2012; Inskip et al. 1998; Kotov et al. 2010). Second, 
treatments targeting one domain can interact with other domains, requir-
ing monitoring, coordination and, optimally, integration. For example, the 
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metabolic effects of  antipsychotic medications can contribute to weight gain 
and  diabetes (Meyer et al. 2008), pointing to the need for lifestyle interven-
tions aimed at increasing activity level and weight loss (Faulkner et al. 2003; 
Gorczynski and Faulkner 2010). In another example,  cognitive remediation 
has been found to be most effective at improving  functional outcomes when 
it is paired with psychosocial  rehabilitation (Wykes et al. 2011). Third, client 
 motivation to work on one affected area of functioning may be most effec-
tively harnessed by exploring how improvements in that area may be ben-
efi cial to the individual’s  personal goals in another area, suggesting a need 
for integration across different areas of treatment. For instance, interventions 
based on the principles of  motivational interviewing (Miller and Rollnick 
2002) have been used to instill motivation to reduce medication nonadher-
ence and  substance abuse in order to help clients achieve personally valued 
outcomes such as more  independent living, work, and improved social rela-
tionships (Barrowclough et al. 2010).

Treating Proximal or Distal Outcomes?

Although poor psychosocial functioning in schizophrenia has often been as-
sumed to be the longer-term by-product (a distal consequence) of the more 
direct (proximal) effects of the disorder (such as cognitive impairments and 
symptoms such as psychosis), an alternative possibility is that it is more funda-
mental to the disorder. In other words, reduced capacity to meet social norms 
with respect to  self-care, role functioning, and social relationships could be as 
proximal a consequence of schizophrenia, or even more so, as the fl orid psy-
chotic symptoms or characteristic cognitive impairments often thought to be 
the primary cause of such impaired functioning. Problems in social and school 
functioning antedate the onset of psychotic symptoms in schizophrenia by 
many years (see Kahn, in this volume), and could refl ect impairments in social 
drive and stamina that are associated with reduced cognitive performance, but 
not explained by it. This conceptualization is similar to how negative or defi -
cit symptoms have been hypothesized to be central features of schizophrenia 
(Andreasen 1982; Carpenter et al. 1988), and Huber’s concept of basic symp-
toms as refl ecting core defi cits in resilience, drive, and activity (Gross and 
Huber 2010; Schultze-Lutter 2009). The implications of this possibility is that 
there may be as much to learn about the nature of schizophrenia from attempts 
to improve  psychosocial functioning as treatment efforts targeting symptoms 
or impaired cognitive functioning.

A Biosystemic Perspective on Treatment

According to a traditional view of  etiology and  treatment (Figure 17.1), dis-
ease is a linear cascade that emanates from a unitary source. Treatment is only 
palliative when it targets the source of the cascade, invoking the allopathic 
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ideal of a “magic bullet” or ideal therapeutic agent proximal to the cause, that 
prevents distal consequences.

However, some illnesses, such as  diabetes, are systemic (Figure 17.2). A 
systemic illness has no distinct origin: an ill system is in a state of negative 
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Figure 17.1  A traditional view of  etiology and  treatment (after Spaulding et al. 2003). 
(a) In catastrophic disorders, casual cascades are the rule. (b) Catastrophic diseases are 
effectively treated by disrupting a cascade at a key point.
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Figure 17.2  A systemic view of  etiology and  treatment (after Spaulding et al. 2003). 
(a) In systemic disorders (e.g., diabetes, psychiatric disorders), stable dysregulation 
( homeorhesis) is the rule. (b) Systemic disorders (e.g., psychiatric disorders) often in-
volve multiple levels of functioning and impairment. (c)  Systemic disorders (e.g., psy-
chiatric disorders) must often be addressed at multiple levels simultaneously. 
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 homeorhesis; functional decline is gradual as consequences of impairments 
radiate throughout the system. Schizophrenia is a  systemic condition; impair-
ments interact reciprocally across multiple levels of organismic functioning, 
from neurophysiological to environmental (Figure 17.2). Treatment at any 
given point is usually insuffi cient, even though benefi ts are also distributed 
throughout the system. Success is determined not by proximity to a causal 
origin, but by the multiplicity of interventions at all accessible points. The al-
lopathic imagery of a high-potency bullet gives way to the less appealing but 
more realistic imagery of multiple low-potency Band-Aids. The idea of being 
proximal or distal to the source of illness loses its meaning.

Managing Physical Health Outcomes

It is well established that physical morbidity, especially cardiometabolic 
disease, and  mortality are elevated in people with  schizophrenia. In schizo-
phrenia,  life expectancy is reduced by 18.7 years for men and 16.3 years for 
women, compared to the general population, with diseases of the circulatory 
system impacting on life expectancy more than death from external causes 
(Laursen 2011). A recent national representative survey found 55% of peo-
ple with schizophrenia aged 18–64 years met the criteria for  metabolic syn-
drome (Morgan et al. 2012). Poor physical health is associated with weight 
gain as a result of antipsychotic medication use, lifestyle risk factors includ-
ing high rates of smoking and alcohol consumption, poor nutrition, and low 
levels of  physical activity; recent evidence also points to underlying genetic 
vulnerability to metabolic disturbance for some (van Winkel et al. 2010). 
Critically, people with schizophrenia are less likely than the general popula-
tion to receive appropriate interventions for their physical health conditions, 
further increasing rates of morbidity and associated mortality (Lawrence et 
al. 2003).

Improving access to appropriate physical health care is a matter for clini-
cal intervention. From a service perspective, it is essential to address frag-
mented  service delivery across mental and physical health domains. In ad-
dition, consideration among medical and mental health practitioners must be 
given to attitudinal factors that lead to the neglect of the physical health needs 
of their patients. This includes  stigma, which may lead to an under-recogni-
tion of physical health issues in people with severe mental illness, as well 
as a belief that lifestyle change is not possible for this group (Lawn 2012). 
Regular screening for metabolic syndrome and prescription of medication 
for those with disease or who are at risk is part of frontline management of 
physical health for these people. As important is the need to motivate people 
with schizophrenia to modify lifestyle risk factors. Excess rates of lifestyle 
risk factors are well documented, and intervention studies support the effec-
tiveness of lifestyle interventions that focus on physical activity and  nutri-
tion (Verhaeghe et al. 2011). Nonetheless, little is known about how best to 
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promote the uptake of lifestyle changes in these individuals and to help them 
 self-manage their physical health. Moreover, the quality of existing guidelines 
is variable; De Hert et al.’s review (2011) identifi ed only four quality guide-
lines out of 18 published between 2000 and 2010. Many are poorly evaluated, 
and their implementation is suboptimal (De Hert et al. 2012). Moreover, the 
guidelines tend to focus on how to measure (screen and monitor) risk, rather 
than how to modify risk.

As risk may be associated with poor psychosocial function,  cognitive reme-
diation may improve functioning and indirectly increase  motivation to main-
tain or regain good health. Increasing their physical health awareness may be 
another strategy: a person struck by severe schizophrenia in their twenties may 
miss out on important   health promotion messages that their peers are internal-
izing at the same age.

Benefi ts of lifestyle risk management extend to mental health. There are 
interactions between physical health and brain pathology.  Physical exercise 
improves  hippocampal  neurogenesis (Erickson et al. 2011) while  diet impacts 
on neural growth (Stangl and Thuret 2009). There is a growing literature on 
the association between physical activity and mental well-being. At the same 
time, clinicians need to consider the impact of pathology on risk behaviors. 
Abnormalities in the brain  reward system lead to increased risk of smoking 
addiction in people with schizophrenia, making modifi cation of the reward 
system a target for intervention. The differential impact of specifi c antipsy-
chotic medications on smoking behavior needs to be factored into prescribing 
practices (Montoya and Vocci 2007). In the meantime, much more needs to be 
understood about genotypes associated with excessive weight gain.

Suicide

In addition to high rates of   mortality due to physical morbidity, rates of  suicide 
are also high in this population. It is estimated that 5–13% of people diagnosed 
with schizophrenia die as a result of suicide (Pompili et al. 2007). Suicide rates 
peak within a short time of discharge from hospital, making this a critical peri-
od for screening and intervention (Lawrence et al. 2001). The range of risk fac-
tors include youth, being male, substance abuse, hopelessness,  social isolation, 
deteriorating health after a high level of premorbid functioning, fear of fur-
ther deterioration, recent loss or rejection, limited external support, and family 
stress or instability, as well as the experience of either excessive treatment de-
pendence or loss of faith in treatment (Pompili et al. 2007). Nonetheless, what 
is known about suicide risk is yet to be integrated into effective  risk assessment 
guidelines that enable clinicians to monitor suicide risk in people with schizo-
phrenia and intervene in a timely fashion.
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Issues in the Development of Successful Treatments

Over the past two to four years, drug discovery and  development for novel 
therapeutic agents to treat schizophrenia suffered a major setback when several 
major pharmaceutical companies abruptly abandoned efforts on schizophrenia 
drug discovery (Abbott 2010; Miller 2010; Nutt and Goodwin 2011). Their 
reasoning was that (a) CNS drugs take the longest time from discovery to ap-
proval, (b) CNS drugs have one of the highest failure rates, (c) neuropsychi-
atric diseases are heterogeneous, making it diffi cult to target treatment to the 
right patient groups, and (d) animal and tissue culture models have shown poor 
translation into human effi cacy (Kaitin and DiMasi 2011; Kaitin and Milne 
2011). Economic pressures, patent expirations, uncertainties in the changing 
health care political environment, and regulatory challenges played an impor-
tant role in these decisions.

What can the schizophrenia community do to help reinvigorate such vitally 
important efforts that impact on a large segment of society? How can the pro-
cess of drug development be restructured to help reenergize the involvement of 
the pharmaceutical and biotechnology industries?

We believe that there are near-term opportunities for building on what 
we know today. Ongoing  drug development programs with a variety of ex-
perimental therapeutic agents have shown positive results.2 Several programs 
which focus on  negative symptoms and cognitive impairment are at advanced 
stages of drug development.3 Given that there are no approved drug treatments 
for these fundamental components of schizophrenia, support and promotion of 
these programs is of great importance to the treatment of people with schizo-
phrenia. Surrogate endpoints such as  neuroimaging, genetic background, and 
other  biomarkers have the potential to be of great value in refi ning treatment 
signal detection. The involvement of regulators will help forward research in 
this area so that, as this clinical science develops, there is agreement and full 
acceptance of these endpoints. Meta-analytic techniques have been applied in 
depression studies (Kirsch et al. 2008) and may also be used to determine the 
potential benefi t of surrogate endpoints in schizophrenia trials.

There are ongoing clinical studies using device-type interventions, such 
as computer-based cognitive exercises for  cognitive remediation. In addition, 
 deep brain stimulation as well as  transcranial magnetic stimulation have been 

2 Dana Hilt, Herbert Meltzer, Maria Gawry, Susan Ward, Nancy Dgetluck, Chaya Bhu-
vaneswaran, Gerhard Koenig, Michael Palfreyman. EVP-6124, an Alpha-7 Nicotinic Partial 
Agonist, produces Positive Effects on Cognition, Clinical Function, and Negative Symptoms 
in Patients with Chronic Schizophrenia on Stable Antipsychotic Therapy.  Presented at the 
annual meeting of the American College of Neuropsychopharmacology, Kona, Hawaii, De-
cember, 2011.

3 Daniel Umbricht.  Effects of the Glycine Transporter Typ1 Inhibitor RG1678 in Schizophrenic 
Patients with Predominant Negative Symptoms. Presented at the annual meeting of the Ameri-
can College of Neuropsychopharmacology, Miami, December, 2011.
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used for the treatment of drug-resistant  depression (Cusin and Dougherty 
2012; Downar and Daskalakis 2013). These interventions have demonstrated 
medium effect sizes across a large range of studies and methods (Wykes et 
al. 2011).

In the mid to long term, better, more effective translation is needed. 
Delineation of pathomechanisms, next-generation low-cost sequencing, and 
many other recent techniques will provide high-resolution guidance for genet-
ics to help determine predisposition, susceptibility, and vulnerability genes. 
Better and more appropriate  animal models are needed. In this light, it is worth 
mentioning that, in addition to existing pharmacological and  genetic models, 
circuit-modulatory models are being developed using  optogenetics (Deisseroth 
2012). This unique ability to generate switchable phenotypes and symptoms 
that approximate human symptoms has created a new ability to screen for and 
test existing drugs.  Induced pluripotent stem cells and other cell-based models 
(Brennand et al. 2011; Dolmetsch and Geschwind 2011) are making important 
contributions to the understanding of pathomechanisms. We need to accept 
that we are treating symptoms and this is a viable option when disease-modi-
fying treatments have been elusive.

The Clinical Trial: Learning from Failure 

As discussed by Mitchell et al. (this volume), the relevance of current animal 
models for treatment development has been questioned, although innovative 
work is underway or has been proposed. One of the greatest gaps in  drug de-
velopment research has been progress from phase 1 studies of healthy humans 
to phase 2a and 2b, where the effi cacy of novel compounds is tested. Results at 
these early stages are often proprietary and, in some cases, are not made avail-
able. Only phase 3 data are made available and, since many drug development 
programs are abandoned before this stage, the information streams that can 
facilitate drug development are weak. 

Research to enable a “go/no-go” decision at the early phase of drug devel-
opment will reduce costs and enable a greater number of compounds to be 
studied, thereby increasing the possibility of bringing effective drugs to mar-
ket. Several initiatives to meet these goals are underway, including the NIMH 
“Fast-Fail” Trials (Yan 2013).

The methodologies of phase 3 trials in patients with schizophrenia are a 
source of constant refi nement. Work on several specifi c issues is underway by 
international groups of experts (e.g., the International Society for CNS Clinical 
Trials and Methodology). In multisite trials, the greater the number of sites, 
the greater the risk of a negative results (Mallinckrodt et al. 2011). Normally, 
this challenge is met by increasing sample sizes. However, more rational ap-
proaches are needed as well as work that addresses site heterogeneity and im-
proves inter-site reliability.  Personalized medicine approaches using genetic 
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and other biomarkers, described later in this chapter, may reduce  heterogeneity 
across patients.

 Neuroimaging techniques offer the potential to increase signal intensity, al-
lowing for smaller samples in early phase treatment studies. However, few 
studies have empirically demonstrated that these technological advances sur-
pass conventional clinical tools, such as rating scales and cognitive perfor-
mance measures. Further, there are few standard activation paradigms that can 
compare results across trials. Currently, work is in progress to map system-
atically brain activation responses to cognitive activation tasks in controls, 
providing normative data that can be used in patient populations on standard 
protocols. 

The cost of  phase 2  clinical trials may be reduced by shortening the length 
of trials. Recent work suggests that treatment effi cacy can be established ear-
lier in the course of a clinical trial than is traditionally accepted. For example, 
the period of greatest sensitivity of antipsychotic effi cacy may occur in the 
fi rst two weeks of treatment, and the traditional endpoint of antipsychotic trials 
of 8–12 weeks may actually reduce the effect size of new treatments due to 
patient drop out (Agid et al. 2003; Kapur et al. 2005).

A Conundrum: Sample Homogeneity versus Heterogeneity

A number of schizophrenia trials failed because of challenging patient cohorts, 
geographic and cultural differences, and inclusion and exclusion criteria that 
are too broad or poorly defi ned. In the clinical trial, two principles drive the 
need for sample homogeneity: (a) an ethical imperative, with safety given pre-
cedence over effi cacy and (b) the scientifi c need for  homogeneity to maximize 
signal detection, particularly in trials involving biomarkers, to allow precise 
estimation of treatment effects. Unfortunately, the need for homogeneity can 
result in narrowly constrained clinical trial samples that are not representative 
of the heterogeneous community of treatment users. Thus, a major challenge 
in schizophrenia clinical trials methodology is to identify patient cohorts that 
are refi ned enough to permit the detection of a true treatment signal, yet broad 
enough to enable treatment effi cacy to be generalized to the schizophrenia pa-
tient population at large. 

New Models and Alternative Approaches

Numerous innovative strategies for testing the safety and effi cacy of new treat-
ments for schizophrenia are currently under development. Given the current 
conservatism in clinical trials, driven in part by the fi scal challenges in industry 
and academia alike, many of these innovations remain untested. We review a 
few of these here.

Due partially to the professional and disciplinary separation of investiga-
tors from pharmacologic and behavioral traditions as well as the cost of such 
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studies, very few studies have examined the synergistic or complementary ef-
fects of behavioral treatments and drug treatments. However, such studies hold 
much promise and have been effective in other psychiatric conditions (Barr 
et al. 2008). Analogous to the obvious need for  physical exercise when an 
individual takes steroids to increase muscle mass (Keefe et al. 2011b), behav-
ioral interventions may be included as a platform for all patients receiving a 
new drug when compared to placebo to enhance the potency of the compound, 
especially in cognitive paradigms that may require an enriched environment 
before pharmacologic treatments can become effective.

A less costly approach would be to examine retrospectively the relative ef-
fi cacy of different treatment designs using existing databases, some of which 
have tremendous statistical power to address important questions. A recent 
stroke study with a very large sample used a naturalistic, retrospective design 
that relied on hospital records and patient retrospective recall. In addition, the 
South London Case Register Interactive Search system collects data that will 
allow retrospective study.

Other innovations that have not been suffi ciently utilized are virtual real-
ity outcomes and interventions, and adaptive trial designs. Several different 
research groups are focusing on the use of  virtual reality environments as inter-
ventions for the treatment of symptoms (Freeman 2008) and cognitive defi cits 
(Spieker et al. 2012), or as outcome measures in clinical trials (Harvey and 
Keefe 2012). Additional  validation work, however, needs to be done on these 
methods before they will be accepted into later phase trials. One approach 
would be to include such measures as exploratory  outcomes in studies using 
conventional outcomes as primary endpoints. With regard to adaptive designs, 
despite encouragement from regulatory agencies, such as the U.S. Food and 
Drug Administration (Wang et al. 2011), pharmaceutical companies have been 
hesitant to utilize these approaches. 

Other Bases for Therapeutic Intervention in Schizophrenia

On the level of differential psychopathology, there appear to be few new leads. 
Elaborate systems, such as the  Kleist–Leonhardt classifi cation, have not been 
shown to have therapeutic relevance, and other subdivisions, such as the con-
cept of brief reactive psychosis, may have merit but are well treated with cur-
rent approaches. On the level of neuropsychology or psychosocial function, no 
commonly used test or scale has been shown to have clear differential thera-
peutic relevance; although poor cognition predicts worse treatment response, 
moving this forward into differential treatment would require a new generation 
of cognitive interventions.

There may be more promise for the concept of   dimensional psychopatholo-
gy. In particular, diagnoses-transcending dimensions such as depressive symp-
toms may prompt appropriate adjunctive treatment including antidepressant 
prescription. Extending the dimensional concept to neuropsychology leads 
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to the National Institute of Mental Health’s concept of the  Research Domain 
Criteria (RdOC) (Cuthbert and Insel 2010). Going further, it has been proposed 
that the most useful defi ning entities of such dimensions may be neural sys-
tems (Buckholtz and Meyer-Lindenberg 2012). 

Further down the translational chain, there are few genetic or genomic 
markers for treatment response available. However, important advances are 
being made in genetic predictors of side effects, such as  metabolic syndrome or 
 tardive dyskinesia, that may be important for therapy. The therapeutic predic-
tive value of  environmental risk factors, such as  childhood abuse or  urbanicity, 
is almost unexplored and should be investigated. The same goes for  epigenetic 
markers from blood or cerebrospinal fl uid. Diagnostic blood markers through 
proteomics are being marketed (rules-based medicine), but it is currently un-
clear whether these will be useful to guide therapy under real-world conditions.

New tools may offer novel avenues to enhance  treatment prediction. 
Momentary assessment technologies may give a more comprehensive view of 
hour-to-hour, day-to-day fl uctuations in mood, symptoms, salience processing, 
and stress.  Virtual reality techniques may allow better  assessment of social 
function under controlled circumstances. Investigation of social media activ-
ity may show changes or abnormalities in web-based interactions. Eye move-
ments can be tracked naturalistically using a new generation of glasses or using 
lasers from a distance.

Given the neurodevelopmental nature of the illness, measuring performance 
during the second decade of life may better defi ne  early intervention points, for 
example, by using and linking  school performance and testing data as well as 
data on social interactions, where these are readily available.

In moving the fi eld forward, a dialectical process between defi ning inter-
vention points and new therapies is expected. Without differentially effective 
therapeutics, early intervention has little consequence. Conversely, by under-
standing the processes early in the illness, especially the pre-psychotic state, 
new treatment targets are expected to come into focus.

A Framework for Treatment Development 

Treatments for schizophrenia cover psychosocial treatments and other thera-
pies, as well as biological treatments. While discussion in this section has fo-
cused primarily on new developments within biological treatments, throughout 
this chapter we stress the key role played by psychosocial interventions and the 
importance of their integration with biological approaches to treatment.

Finally, it is important to recognize that  treatment development does not take 
place in isolation from other areas of schizophrenia research. These areas are 
multidisciplinary and include work on animal models, neuroscience research, 
preventive research, and services research (Figure 17.3). Integration across 
modalities is an essential ingredient of the development of new paradigms. 
In addition, to ensure its effectiveness, research needs to link into practice to 
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inform mental  health policy development and  service delivery. Critically, we 
note that the consumer experience and perspective is the fundamental context 
in which both research and practice occur (Morgan et al. 2006).

 Personalized Treatment: Tailoring Treatment to Individual Needs

To explore personalized  treatment, we begin with two defi nitional approaches: 
(a) a bottom-up approach which starts with the identifi cation of predictors of 
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Figure 17.3  A multidimensional,  translational treatment model (after Morgan et 
al. 2006).
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response that may apply to any patient; and (b) a top-down approach which 
begins with the patient and assesses what is available for tailoring treatment to 
that patient’s specifi c needs. Whereas the fi rst approach is generally associated 
with a broad, biological perspective and the second with an individualized, 
psychosocial perspective, these associations are not immutable. Ideally, the 
two approaches converge. These two approaches are then framed by a patient’s 
perspective set within a collaborative model of care.

Personalized Medicine from a Broad, Biological Perspective

The conventional defi nition of  personalized medicine encompasses the idea 
of predicting a priori response to  antipsychotic drugs. Predictors of response 
include demographic factors (age, age of onset), clinical factors (neurocog-
nitive function), or neurobiological factors, including brain imaging pheno-
types or molecular genetic sequence variation. Phenotypes for examination 
commonly utilize broad clinical response parameters based on drug effi cacy 
but have also focused on side effects of  treatment, such as  clozapine-induced 
 agranulocytosis.

To date, much of the neurobiological prediction of drug response research 
has utilized the pharmacogenetics approach. Advantages of this approach 
are the relative ease of access to DNA, the immutability of  genotype, and 
the increasing ability to interrogate entire genomes in a cost-effective man-
ner. Work on pharmacogenetics of effi cacy has, however, not led to clini-
cally actionable results, although this may be secondary to methodological 
issues pertaining to these studies. For example, most studies have utilized 
convenience samples derived from clinical trials designed to compare an-
tipsychotics. This serves to diminish power due to multiple treatment arms 
and incomplete DNA collection, and phenotypes under examination may not 
be maximally informative for identifying the effects of subtle DNA sequence 
variation. Finally, it should be recognized that the genetic architecture of 
clinical treatment response may be complex, and perhaps no simpler than 
that of disease susceptibility, which has hampered genetic studies aimed at 
identifi cation of common variation.

Studies of side effects have been more successful, in part because of the 
increased power due to the decreased measurement error of these phenotypes. 
Recently, the human leukocyte antigen system has been linked to clozapine-in-
duced agranulocytosis and  weight gain with a  melanocortin receptor genotype. 
These studies require follow-up, and clinical trials based on these genotypes 
are being planned. At the same time, we need better studies of side-effect bur-
den if we are to improve patient adherence to medication. Many studies are 
limited to measuring frequency and severity, without assessing more subjec-
tive side effects such as dysphoria or considering the trade-off of side-effect 
burden against symptom reduction.
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New study designs may need to be considered (Malhotra et al. 2012), in-
cluding the study of alternative phenotypes. For example,  brain imaging mea-
sures utilized shortly after drug administration may provide novel information 
more closely linked to the sites of gene action. Focus on more homogeneous 
patient populations, use of earlier phase patients, and minimization of prior 
drug treatment may also provide benefi t.

Personalized Medicine from an Individualized, Psychosocial Perspective

The idea of personalized medicine converges with related ideas about indi-
vidualizing treatment that evolved in psychiatric rehabilitation. Broadening 
the focus from psychopharmacotherapy to include psychosocial  treatment ad-
dresses multiple levels of functioning, including neurophysiological, neuro-
psychological, sociocognitive, behavioral, and socioenvironmental processes. 
These are no longer seen as competing paradigms: they refl ect distinct levels 
of analysis and action within a unifi ed biosystemic understanding of mental 
illness.

In severe mental illness, measurable impairments are observed at all of these 
levels and are a source of  heterogeneity in schizophrenia, occurring in constel-
lations that differ from one person to the next. While effective pharmacological 
treatment may resolve acute psychosis or eliminate symptoms, impairments 
remain in  cognition,  self-care, interpersonal effectiveness, and social role per-
formance. There is a rapidly growing armamentarium of psychosocial treat-
ment modalities to address specifi c defi cits across levels of functioning. For 
example, modalities like  cognitive remediation act primarily at the neuropsy-
chological level.  Cognitive behavioral therapy and related behavioral treat-
ments act at sociocognitive and behavioral levels. Behavioral  family therapy 
extends to the socioenvironmental level. To treat individual constellations of 
impairments optimally, we must select and apply the respective treatments that 
correspond to those individual constellations. As with personalized medicine, 
this creates an  assessment burden that may limit complete individualization of 
multimodal treatment regimens. However, for more severe illness, resulting in 
more pervasive distribution of impairments across levels of functioning and 
more severe disability, comprehensive and integrated treatments are necessary. 
The level of severity and/or pervasiveness at which this type of individualiza-
tion becomes cost-effective can, in principle, be empirically determined, but as 
assessment and treatment technologies advance, one would expect the thresh-
old level to become lower.

Coordinated treatment of multiple, functionally independent but interrelat-
ed impairments across levels of functioning is problematic in diagnosis-driven 
clinical decision making and is better accommodated by broader problem-
solving approaches. These are familiar to clinicians and have even been can-
onized in American medical records standards as  Problem-Oriented Medical 
Information Systems (PROMIS). A similar approach, termed  case formulation, 
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has evolved within the methodology of cognitive behavioral therapy. With 
some further formalization and structure, a clinical problem-solving approach 
can effectively guide multimodal treatment of heterogeneous conditions like 
schizophrenia. 

In clinical problem solving, the unit of analysis is not  diagnosis but “prob-
lem type.” Problem types are jointly defi ned by types of impairment at the 
various levels of functioning and by technologies currently available to mea-
sure and treat those impairments. For example,  psychopharmacology and the 
neurophysiological impairments it treats is usefully categorized under a “CNS 
dysregulation” problem type. Measureable defi cits in interpersonal functioning 
that can be effectively reduced by  social skills training are usefully categorized 
under a “social skills defi cit” problem type. Failure to recognize one’s illness 
and therefore to adhere to needed treatments can be effectively addressed with 
psychoeducational interventions, and is usefully categorized as an “illness 
management defi cit” problem type. A problem type refl ects what we know 
from science about the links between the problem and its effective solution, 
and thus provides a logical justifi cation for treatment selections. An integrated, 
individualized treatment regimen is achieved with a complete inventory of the 
person’s problem types and a plan for systematically addressing them with 
 evidence-based  treatments.

Contextual factors (e.g., patient’s perspective, neuropsychological status, 
developmental and environmental factors) as well as the nature of the treat-
ments drive clinical decisions about how to prioritize or sequence treatment, 
and determine what confi guration of pharmacological and psychosocial ap-
proaches works best on a case-by-case basis. For example, the time frame in 
which the effects of drug treatment can be evaluated is much shorter than that 
for evaluating skill-training interventions. It is more practical to determine what 
interpersonal defi cits persist after effective drug treatment than what psychotic 
symptoms persist following social skills training. Similarly, drug treatment of 
an acute CNS dysregulation may be prerequisite to social skills training in 
some cases whereas in others, the potential for medication nonadherence must 
be addressed either before or in the context of providing pharmacotherapy. In 
the foreseeable future, advances in clinical psychopharmacology may provide 
additional reasons to prioritize, sequence, coordinate, and integrate treatment 
of problem types across levels of functioning, for example, the possibility that 
short-term effects of  oxytocin might improve engagement in psychosocial 
treatments, or that cognitive therapy is necessary to consolidate the effects of 
 deep brain stimulation.

A crucial element in this approach is for treatment to proceed as a quasi-
experimental hypothetico-deductive process, wherein the effects of specifi c 
interventions are reliably evaluated and reevaluated in iterative cycles. This 
is how we determine that, for any one person, specifi c additional problems 
remain to be treated after maximum pharmacotherapeutic benefi t has been 
achieved. No scientifi c breakthrough is likely to change this clinical reality.
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Personalized Medicine from a Patient’s Perspective 
Set within a Collaborative Model of Care

An additional perspective on  personalized treatment is that of the patient. This 
perspective is framed in a collaborative model of care where the patient is an 
active participant involved in  shared decision making in the treatment process. 
The  relationship between patient and therapist in  mental health care is one of 
the most important factors in successful treatment. It is a reliable predictor of 
treatment  outcome, regardless of diagnosis, setting, or type of therapy. Shared 
decision making builds on a trustful therapeutic relationship, incorporating 
concepts such as  recovery,  empowerment, and  self-esteem. It takes into ac-
count not only a person’s individual circumstances, but also their preferences 
for outcomes they most value. For practitioners, personalized treatment within 
a collaborative framework requires that they:

• Determine the problems to be treated.
• Identify the available treatments.
• Recognize individual differences in a patient’s psychological, biologi-

cal, and social makeup.
• Consider the patient’s desires.

It is important to note that in a biosystemic view of human functioning, the 
patient’s perspective, beliefs, attitudes, and values are important elements, 
shaped by  social cognition. Sometimes addressing and infl uencing those ele-
ments is benefi cial to the patient’s recovery. For example, a belief that no better 
life is possible and all effort will be punished is a frequently encountered per-
spective; changing that perspective may promote recovery. We have effective 
methods for facilitating such changes (e.g., cognitive behavioral therapy and 
 motivational interviewing). We can therefore identify self-defeating beliefs as 
a specifi c problem type in an integrated and individualized treatment plan, treat 
it with cognitive behavioral therapy and related methods, and measure the suc-
cess of the treatment.

However, there is danger in treating perspectives as targets for change. 
For example, a person’s perspective on adherence to treatment may be det-
rimental to symptomatic recovery, but people often make different choices 
across treatment options. Historically, we have erred much more on the side 
of not respecting patients’ perspectives than on missing treatment opportuni-
ties. Practitioners need to know and understand their patients’ perspectives, 
and some of these perspectives may also be a target of treatment. To this end, 
respect for patient decision making needs to rest on a foundation of mutual 
understanding of the nature of the disorder, to the extent that this is possible, 
and the patients’ goals for treatment. In the end, how and where we draw 
the distinction between perspectives to treat versus perspectives to respect 
will be settled by social consensus, not science. The  recovery movement has 
contributed importantly to the broader discourse on the roles of perspective, 
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attitudes, and values in psychiatric treatment and  rehabilitation, but a work-
ing consensus will require participation of all quarters of the mental health 
community. 

Optimizing  Service Delivery

Although current treatments for schizophrenia are still far from optimal, there is 
a reasonable evidence base to inform the clinician as to what works and when. 
These  evidence-based interventions, however, are not implemented systemati-
cally, if at all. Pharmacological treatment of  positive symptoms is the basis of 
most treatment regimes, yet patient adherence to  treatment is generally poor, 
and the prescription of depot medication and  clozapine is suboptimal. The use 
of nonpharmacological treatments targeting other aspects of the illness is low, 
with these other treatment modalities poorly integrated into mainstream treat-
ment regimes. What is needed is a strategic way of refocusing or fi ne tuning 
treatment goals, bearing the individual patient in mind. This includes careful 
management of the balance between pharmacological and psychotherapeutic 
interventions, with a view to optimizing treatment response across modalities, 
increasing  quality of life, and preventing psychosis relapse.

In terms of optimizing delivery, there are two issues: one for research 
funders and one for health care providers. First, we need to consider what are 
the service confi gurations that will provide the most benefi t—this is a research 
question. The second concerns the translation of current fi ndings into practice. 
This is not an easy issue to address as it is not clear how individual and effec-
tive therapies may best be implemented into “normal” services. Dissemination 
science or  implementation science takes into account social and organizational 
psychology approaches to drive the implementation. Its outputs can act as a 
template for translation of therapies into clinical practice.

The arguments made for change will differ according to different groups 
but perhaps the overarching argument needs to be made in terms of net benefi t. 
This can be defi ned in different ways. For example, it may be defi ned as cost 
savings for some service providers, a political argument necessary for some 
potential investors. For others, it may need to be defi ned as a benefi t in cost 
utility; that is, it achieves a desired outcome such as people attending services, 
which increases the immediate cost in the hope that improvements in func-
tional or other outcomes will result in the future. Net benefi t is also a way of 
costing the outcome. For example, people are more content, have more friends, 
and rely less on family support.

Impediments to the Implementation of Evidence-Based Treatments

The evidence base supporting the effi cacy of specifi c psychosocial interven-
tions for schizophrenia has grown steadily over the past several decades. 
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Despite this growth, there continues to be a signifi cant lag, possibly grow-
ing, between the science of treatment and the implementation of empirically 
supported interventions. At least three broad factors can be identifi ed, each of 
which contributes to this gap in knowledge and implementation.

First, practical knowledge about how to implement and sustain individual 
practices in routine treatment settings is needed. For example, the success-
ful adoption of an intervention requires attention to the science of  implemen-
tation. This involves consideration of factors traditionally studied under the 
purview of organizational psychology. These include structural aspects of a 
human service organization, distribution and sharing of power and decision 
making, openness to change and innovation, and access to critical resources 
such as training and consultation expertise. Attention to these issues is critical 
both to understanding how to implement a specifi c practice and to appreciating 
organizational characteristics and needs in ways that will facilitate broad-scale 
adoption of the practice. Variables which may have an impact on implemen-
tation are: training, supervision, and collaboration among service providers; 
the attitudes, beliefs, and practices of treatment staff; time allotted to staff to 
provide services; and the skill of those individuals responsible for overseeing 
and supervising the practice.

Second, and related to the fi rst point, psychiatric rehabilitation programs 
based on social learning in institutional and hospital settings are generally un-
derstood to have features that are inconsistent or even incompatible with the 
conventional “ medical model” of administrative and clinical practices that pre-
dominate in such settings (Paul and Lentz 1977; Liberman 1979; Silverstein et 
al. 2006a; Tarasenko et al. 2012). These features include:  

• The need to supervise direct care staff closely, to ensure high fi delity to 
procedure manuals which require behavioral responses by staff that are 
sometimes counterintuitive and/or contradictory to conventional nurs-
ing or medical practice.

• Administrative control over direct care staff by a program director, 
who is directly accountable for treatment fi delity and outcome, rather 
than indirect control of direct care staff by an administrative supervi-
sor, such as a director of nursing, who is not directly accountable for 
program operation.

• Psychiatric staff who have a “consultant” role with focused responsi-
bility for pharmacological dimensions of treatment, rather than super-
ordinate authority and accountability for all patient care.

• Individualized treatment prescribed and directed according to a treat-
ment plan that is constructed by an interdisciplinary treatment team 
rather than through physicians’ orders.

These incompatibilities may also apply in community-based service systems 
outside institutions and hospitals.
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Finally, training and  mental  health policy issues need to be addressed to 
improve the uptake of these evidence-based practices. All mental health pro-
fessionals should understand and be competent to provide high-quality, effec-
tive treatments for people with schizophrenia. This should happen as part of 
basic training, further supplemented by continuing practice development as 
novel and effective treatments emerge. Mental health service providers and 
purchasers need to incorporate suffi cient incentives and accountability for pro-
viding such effi cacious treatments, not only ensuring they are carried out as 
prescribed in the evidence but also checking to see that  outcomes are in the 
expected direction and at the expected level.

A Business Model of Service Delivery 

For the many reasons discussed above, the effective and individualized use of 
pharmacological and psychosocial therapeutic options has been limited, de-
spite their availability. One means of overcoming problems with current men-
tal health service delivery is to operate a free market model for some of its 
components. This type of business model, operating across public and private 
sectors, would approach patients as “purchasers” and mental health services 
as “products.” In this context, shared decision making and patient education 
would increase the market for mental health services. Increased demand, in 
turn, could motivate private companies to invest in treatment development, 
the training of specialized professionals, and the establishment of quality stan-
dards, thereby optimizing quality, diversity, and costs of services —especially 
psychosocial therapies which are more expensive in the short term than phar-
macological interventions, and more diffi cult to standardize. At the same time, 
investors may be motivated to increase their market hold and consumer reten-
tion through investments in innovative services which target patients’ special 
needs. One example would be the establishment of e-health systems using 
smartphones to navigate the use of treatments. Recently, investigators in the 
Netherlands and Great Britain have started to test the principles of the free 
market in the context of mental health service provision by examining which 
services are accessed, and how frequently, when patients are allowed to man-
age their own therapeutic budget. However, much more research is needed to 
ensure that such a business model would be viable, effective, affordable, and 
equitable. 

Promoting Greater Investment in Treatment Development

Greater investment in  treatment development is essential. This should involve 
multiple stakeholders to fund or to act in concert to promote the research 
agenda (see Figure 17.4). In addition to scientifi c peers, these  stakehold-
ers include research funders, service users and carers (family and friends), 
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pharmaceutical and other commercial interests (e.g., biotechnology compa-
nies), and health care providers (both public and private). Despite a shared 
vision on what investments are needed, dialog with each of the stakeholders 
needs to be tailored to their specifi c needs and a format and language that is 
familiar to them needs to be employed. One key emphasis is the benefi t that 
can result from such investments; these can be described in the vocabulary of 
 health economics as cost benefi t, cost utility, and cost effectiveness. There is 
current evidence that investment in mental health care can result in substantial 
benefi ts and impacts. A review of mental health research investment by the 
Academy of Medical Sciences in the U.K. found that for every one pound 
invested in mental health research, there was a return of 37 pence each year 
in perpetuity. Thus, after three years, the investment has been repaid and the 
following years actually produce a profi t in terms of health care savings and 
reduced disability. 

Engaging the media to promote information  on research attainments is 
critical. Closer ties with science journalists are vital, so that they can better 
appreciate current scientifi c breakthroughs and grasp where we want to go 
next. Likewise, background and news briefi ngs will generate greater media 
coverage of mental health issues and provide key science and health report-
ers in national news with more in-depth understanding. This is not only im-
portant for promoting investment in treatment research but also has benefi ts 

Treatment Development Capacity
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Clinical trials and other study designs
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Improved Treatments
Pharmacological

Psychosocial

Funding
Government

Corporate – vested interest
Corporate – philanthropic
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Researchers
Consumers

Carers
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Figure 17.4  Engaging  stakeholders in treatment development (after Morgan et al. 2006).
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for all key stakeholders and goes hand in hand with the suggestions we make 
at the end of this chapter for improving the social context for people with 
schizophrenia. In sum, the general benefi ts of a media-based program in-
clude its potential to:

• Raise  public awareness of issues in mental health research.
• Decrease  stigma through reporting of incremental changes in under-

standing causation and treatment developments.
• Increase public understanding of mental ill health (the science press 

seems to do this better than the health press).
• Increase hope and optimism for people with mental health problems 

(and their families) by publicizing incremental changes.
• Increase the public profi le of charities who can comment on the work 

being published. We know that when a charity comments on a mental 
health issue that it is more likely to be given a public profi le report on 
the BBC website. This, of course, increases the visibility of the charity 
to potential donors. This same argument can be put to public funders 
who need a media profi le to support future funding from national 
governments.

In addition, specifi c approaches need to be made to public investors. Research 
funders need to be aware of the particular areas that have been agreed as vital 
for improving the understanding and treatment of schizophrenia. For example, 
naturalistic studies that examine heterogeneous samples are not funded by the 
pharmaceutical industry; this raises the possibility of public investors funding 
these types of studies.

Finally, academic outputs can be harnessed to build a program of research 
that would benefi t from larger-scale future investment. The leverage of larger 
investment will require specifi c approaches to foundations as they may be-
come the change managers or charismatic leaders for such philanthropy.

Ultimately, promoting greater investment in treatment research involves 
a concerted effort to strengthen the nexus between lobbyists, funders, and 
researchers.

The Role of Social Context in Improving  Treatment Outcomes

Here, we consider social context on three levels. The macro level addresses 
broad societal aspects that impact on people with schizophrenia. The meso 
level is concerned with the social networks, including family and other care-
givers, within which people with schizophrenia fi nd themselves. The micro 
level operates at the level of the individual: a person with schizophrenia may 
be designated variously as an affected person, patient, client, consumer, and so 
forth, with each designation implying a different perspective (Pescosolido et 
al. 2008).
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Social Context at the Macro Level

One of the major impediments to the treatment and care of patients with schizo-
phrenia is the stigma associated with the disorder. Stigma is a general term 
that describes the process of assigning a certain characteristic to a person (e.g., 
dangerousness), independent of the person him- or herself. Prejudice charac-
terizes the affective component of assigning the negative characteristic (e.g., 
being afraid of and avoiding a person with mental illness because of his or 
her assumed dangerousness).  Discrimination relates to the behavioral compo-
nent of stigma that typically reduces opportunities of the person to gain access 
to resources that others in society can generally tap (Link and Phelan 2001). 
Examples include attempting to prevent a person with mental illness from rent-
ing a nearby apartment, obtaining a job, voting, or getting health services.

These socially constructed labels have important consequences for people 
with schizophrenia. In particular,  labeling theory provides a useful framework 
for understanding their impact. Labeling theory, centered on the social con-
struction of deviant behavior, evolved in the 1960s (Goffman 1963). The so-
ciologist Thomas Scheff applied the theory to people with a mental illness, 
arguing that mental illness is a social construction and questioning its existence 
(Scheff 1966). In the 1980s, Link et al. (1989) presented a modifi ed form of 
labeling theory that did not question the existence of mental illness. In a series 
of empirical studies, they described how the process of labeling people with a 
mental illness has a negative impact on their lives and leads to a cycle of social 
rejection and  isolation. Today, labeling theory, as outlined by Link, is widely 
accepted in social psychiatric research.

Numerous studies have examined stigma in mental illness, particularly 
schizophrenia. In recent years, there has been an accumulation of empirical ev-
idence of the negative consequences of labeling and perceived stigmatization. 
These include demoralization, low  quality of life,  unemployment, and reduced 
social networks (Graf et al. 2004). Affected individuals, once they have been 
labeled as having a mental illness and become aware of the related negative 
stereotypes, expect to be rejected, devaluated, and discriminated against. Such 
individuals often incorporate these negative stereotypes into their own self-
perceptions (called  self-stigma), with associated problems of demoralization, 
avoidance, and a pervasive sense of hopelessness. This vicious cycle decreases 
the chance of recovery and normal life.

Successful initiatives make clear that efforts to reintegrate persons with se-
rious mental illness into community life must be accompanied by measures 
on the societal level. On the basis of comprehensive research over the past de-
cade, several strategies have been developed to fi ght the stigma and discrimi-
nation suffered by this group. Contact with mentally ill people reduces social 
distance, with those in contact often having a more positive attitude toward 
people with mental illness: this is a strong argument in favor of community 
psychiatry. Social distance from mental illness also decreases, and stigma is 
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reduced, if mental disorders are presented as a  life crisis, not as a brain disease 
(Lauber et al. 2004b). In addition, some research centers have developed de-
stigmatization interventions directed at relevant target groups (e.g., students or 
police offi cers).

 Social policy also needs to recognize that stigma operates at an intraperson-
al as well as interpersonal level, often to the detriment of individual patients. 
As previously mentioned, individuals in stigmatized groups sometimes incor-
porate stigmatizing into their own beliefs.  Self-stigmatization is a personal 
perspective, but also a social cognitive process, subject to therapeutic change 
with  cognitive behavioral therapy and related methods (Link et al. 1991). For 
example, skillful assertiveness is an important determinant of  self-esteem, self-
worth, and other perspectives incompatible with stigmatization. Social policy 
needs to promote inclusion of these treatment resources in service systems as 
yet another way of combating stigmatization.

Social Context at the Meso Level

Wider Social Networks

The benefi cial effects of work for a person’s mental health have been known 
for centuries.  Vocational  rehabilitation has been a core element of psychiatric 
rehabilitation since its beginning.  Employment is seen as a step toward inde-
pendence and integration into society. Vocational rehabilitation is based on 
the assumption that work not only improves activity, fi nancial standing, social 
contacts, and so forth, it also promotes gains in related areas such as self-
esteem and quality of life. Enhanced self-esteem, in turn, improves adherence 
to rehabilitation in individuals with impaired  insight (Rössler 2006).

Today, the most empirically supported vocational rehabilitation model is 
 supported employment. In supported employment, persons with a disability 
are given assistance to fi nd competitive employment based on their prefer-
ences as soon as possible, and they receive the support needed to maintain 
their jobs. Participation in supported employment programs is associated with 
greater success in fi nding and keeping work than other approaches to voca-
tional rehabilitation (Burns et al. 2007). Positive relationships have been found 
between obtaining competitive work and nonvocational outcomes (e.g., im-
proved self-esteem, reduced symptoms, social integration and relationships, 
improved cognition,  quality of life).

Although fi ndings regarding supported employment are encouraging, some 
critical questions remain. Many individuals in supported employment obtain 
unskilled part-time jobs. Thus, further research is needed into the role of sup-
ported education and career development as strategies for helping patients 
obtain higher paying and more interesting jobs. In addition, since most stud-
ies evaluate only short (12–18 months) follow-up periods, long-term impact 
remains unclear. Currently we do not know which individuals benefi t from 
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 supported  employment and which do not. It is important to realize that inte-
gration into the labor market depends not only on the ability of the persons 
affected to fulfi ll a work role and on the provision of sophisticated vocational 
training and support techniques, but also on the willingness of society to inte-
grate its most disabled members (Rössler 2006). One indicator of such willing-
ness is the enactment of laws prohibiting  discrimination against people with a 
mental illness in obtaining work.

Family and Caregiver Relationship

As a consequence of  deinstitutionalization, the burden of care has increas-
ingly fallen on the relatives of the mentally ill (Schulze and Rössler 2005): 
50–90% of people with a disability live with their relatives following acute 
psychiatric treatment. This is a task many families do not choose voluntarily. 
Caregiving may impose a signifi cant strain on families (Lauber et al. 2003). 
Those providing informal care face considerable adverse health effects, in-
cluding higher levels of  stress and  depression, and lower levels of subjective 
well-being, physical health, and self-effi cacy. In addition, not all families are 
equally capable of giving full support to their disabled member or are willing 
to be a substitute for an insuffi cient health care system.

Still, families are an often untapped resource in the treatment of schizophre-
nia. They represent support systems that provide natural settings for context-
dependent learning, which is important for recovery of functioning. Therefore, 
since the beginning of care reforms, there has been a growing interest in sup-
porting affected families.  Family intervention programs have produced promis-
ing results. Family interventions are effective in lowering relapse rates and also 
in improving outcomes (e.g., psychosocial functioning). Furthermore, treat-
ment gains are fairly stable (Pilling et al. 2002). However, more data are need-
ed to clarify the effective components of different models, which may differ 
in content, frequency, and length of treatment (Barbato and D’Avanzo 2000).

Social Context at the Micro Level

In some parts of the world in recent years,  social skills training in psychiat-
ric rehabilitation has become very popular and has been widely promulgated. 
Social skills training programs focus on areas such as  medication management, 
symptom management, substance abuse management, basic conversational 
skills, interpersonal  problem solving, friendship and intimacy, recreation and 
leisure, workplace fundamentals, community (re-)entry, and family involve-
ment (Liberman and Kopelowicz 2002).

The results of multiple controlled studies suggest that individuals with 
schizophrenia can be taught a wide range of social skills (Kern et al. 2009). 
Social and community functioning improve when these skills are relevant for 
the patient’s daily life, and changes in behavior are recognized and reinforced. 
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Unlike medication effects, benefi ts from skills training occur more slow-
ly. Furthermore, long-term training has to be provided for positive effects. 
Overall, however,  social skills training has been shown to be effective in the 
acquisition and maintenance of skills and their transfer to community life and 
improvement of psychosocial functioning (Kurtz and Mueser 2008).
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