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Foreword

Schizophrenia Spectrum Disorders: Insights from Views
Across 100 years

Schizophrenia spectrum and related disorders such as schizoaffective and mood dis-
orders, schizophreniform disorders, brief psychotic disorders, delusional and shared
psychotic disorders, and personality (i.e., schizotypal, paranoid, and schizoid per-
sonality) disorders are the most debilitating forms of mental illness, worldwide.
There are 89,377 citations (including 10,760 reviews) related to “schizophrenia”
and 2,118 (including 296 reviews) related to “schizophrenia spectrum” in PubMed
(accessed on August 12, 2010).

The classification of these disorders, in particular, of schizophrenia, schizoaf-
fective and mood disorders (referred to as functional psychoses), has been debated
for decades, and its validity remains controversial. The limited success of genetic
studies of functional psyhoses has raised questions concerning the definition of
genetically relevant phenotypes.

Many researchers around the world have investigated schizophrenia spectrum,
and related disorders from the perspectives of diagnostics, early detection of
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psychotic disorders, genetics, neuroscience, prognosis, and treatment. Therefore,
these fields have considerably expanded with new findings that were obtained
through clinical and longitudinal observations and neuropsychological, neuro-
physiological, neuroimaging, neuroanatomical, neurochemical, molecular genetic,
genomic and proteomic analyses, which have generated a necessity for syntheses
across the functional psychoses.

The present three-volume handbook is a collection that continues to achieve my
goal of providing a comprehensive up-to-date state of the art overview of the lit-
erature that addresses the challenges facing clinical and biological psychiatry. This
series follows four recently published books:

e Quality of Life Impairment in Schizophrenia, Mood and Anxiety Disorders. New
Perspectives on Research and Treatment. Ritsner, Michael S.; Awad, A. George
(Eds.), Springer, 2007, 388p.

e Neuroactive Steroids in Brain Functions, and Mental Health. Novel Strategies
for Research and Treatment. Ritsner, Michael S.; Weizman A. (Eds.), Springer
Science+Business Media, B.V., 2008. 559p.

e The Handbook of Neuropsychiatric Biomarkers, Endophenotypes, and Genes.
Volumes I-1V. Ritsner, Michael S. (Ed.), Springer Science+Business Media, B.V.,
2009.

Volume I: Neuropsychological Endophenotypes and Biomarkers. 231pp.

Volume II: Neuroanatomical and Neuroimaging Endophenotypes and
Biomarkers. 244pp.

Volume I1I: Metabolic and Peripheral Biomarkers. 231pp.

Volume IV: Molecular Genetic and Genomic Markers. 232pp.

e Brain Protection in Schizophrenia, Mood and Cognitive Disorders. Ritsner,
Michael S. (Ed.), Springer Science+Business Media, B.V., 2010. 663p.

This handbook offers a broad synthesis of current knowledge about schizophrenia
spectrum and related disorders. It is based on methodological pluralism regard-
ing psychiatric nosology and raises many controversial issues, and limitations
of categorical nosology of functional psychoses covering the ongoing debate on
key conceptual issues that may be relevant for the development of DSM-V and
ICD-11.

Reflecting the copious amount of new information provided, the handbook has
been divided into three volumes. Volume I contains 20 chapters and serves as an
introduction and overview of theoretical issue, and neurobiological advances. The
chapters in this volume review the schizophrenia construct, diagnosis and classi-
fication of the schizophrenia spectrum disorders, and schizotypy concept; present
proof-of-concept Multidimensional Continuum Model of functional psychoses
and evolutionary models of autism; new findings regarding neurodevelopmental,
neurodegenerative, and neurochemical abnormalities; genetic and environmental
influences; changes in gene expression; neurotransmitter activity; brain imaging
and morphological abnormalities in subjects with schizophrenia and other psychotic
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disorders, methamphetamine psychosis as a model for biomarker discovery in
schizophrenia and advances in proteomics. Our knowledge of the genetics of
schizophrenia and its borderlands is heavily indebted to the research and writings of
Professor Irving Gottesman. The chapter that summarizes his contributions in that
historical context is an invaluable contribution to the handbook.

Volume Il contains 19 chapters focusing on phenotypic and endophenotypic
presentations of schizophrenia spectrum and related disorders. The authors dis-
cuss psychopathology, stress, social anxiety, neuropsychological, neurocognitive
and neurophysiological findings, endophenotype and neuroethological approaches,
quality of life deficits, and risk for cancer morbidity and mortality. The authors also
review advances and challenges in mapping the prodromal phases of psychosis, in
the prediction and early detection of first-episode psychosis, early- and late-onset
schizophrenia, the longitudinal course of these disorders, as well as the interface
of acute transient psychoses, the association of metacognition with neurocogni-
tion and function in schizophrenia, neurophysiology of cognitive dysfunction in
schizophrenia, schizo-obsessive states, and risk for cancer morbidity and mortality
in schizophrenia spectrum disorders.

Volume III includes 18 chapters that provide a wealth of information regarding
treatment approaches, comorbidity, recovery, and outcomes of schizophrenia and
spectrum disorders; in particular, recovery-based treatment approaches, antipsy-
chotic and neuroprotective-based treatment; prevention and early intervention
in at-risk states for developing psychosis, psychotherapy, cognitive remediation,
cognitive behavior therapy; and interventions targeting social and vocational dys-
function in schizophrenic spectrum disorders. Furthermore, therapeutic approaches
to schizophrenia with medical illness, comorbid substance abuse, suicidality, impli-
cations for treatment and community support, the relationship between religios-
ity/spirituality and schizophrenia, and the ethical ramifications of biomarker use
for mood disorders are also reviewed and discussed.

Since many of the contributors to this handbook are internationally known
experts, they not only provide up-to-date state of the art overviews, but also clarify
some of the ongoing controversies and future challenges and propose new insights
for future research. The contents of these volumes have been carefully planned,
organized, and edited. Of course, despite all the assistance provided by contributors,
I alone remain responsible for the content of this handbook including any errors
or omissions which may remain. Similar to other publications contributed to by
diverse scholars from diverse orientations and academic backgrounds, differences
in approaches and opinions, as well as some overlap, are unavoidable.

This handbook is designed for use by a broad spectrum of readers including
psychiatrists, neurologists, neuroscientists, endocrinologists, pharmacologists, psy-
chologists, general practitioners, geriatricians, graduate students, and health care
providers in the fields of mental health. It is hoped that this book will also be a
useful resource for the teaching of psychiatry, neurology, psychology and policy
makers in the fields of mental health.

I would like to gratefully acknowledge all contributors from 16 countries
(Australia, Brazil, Canada, China, Czech Republic, Denmark, Germany, Ireland,
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Italy, Israel, Japan, Spain, Switzerland, Ukraine, United Kingdom, and USA) for
their excellent cooperation. I wish to thank Professor William T. Carpenter, dis-
tinguished psychiatrist, who was willing to write the afterword for this handbook.
I also wish to take this opportunity to thank the wonderful staff in my clinical
department as well as in other departments in Shaar-Menashe Mental Health Center
(Director — Dr. Alexander Grinshpoon) for their commitment, support, and cooper-
ation. I would like to thank my wonderful and generous friends, particularly Boris
Altshuler, Anatoly Polischuck, and Stella Lulinsky. They always took the time to
listen, even when I was just complaining. The support they have given me over the
years is the greatest gift anyone has ever given me. Finally, I thank Springer Science
Business Media B.V. for the goodwill and publication of this book, particularly
Mr. Peter Butler, and Dr. Martijn Roelandse, publishing editors, who did their
utmost to promote this project and provided valuable assistance that made the book
possible.

I sincerely hope that this handbook will further knowledge in the complex field
of psychiatric disorders.

Haifa, Israel Michael S. Ritsner
March, 2011
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Chapter 1
The Schizophrenia Construct After 100 Years
of Challenges

Michael S. Ritsner and Irving I. Gottesman

Abstract The concept of schizophrenia (SZ) (nee dementia praecox) has been
widely used in medicine for the last 100 years. However, major controversies con-
cerning the construct have yet to be resolved. The traditional categorical nosology of
functional psychoses is challenged by observations that SZ, schizoaffective disorder
(SAD), major depression (MDD) and bipolar disorder (BPD) share clinical presen-
tations, endophenotypes and several genes. The present overview presents various
theoretical frameworks for categorical and dimensional models, and specifically
their applicability to the fields of epidemiology, genetic epidemiology, genetics and
endophenotype studies. It should be noted that clinical dimensions, candidate genes
and endophenotypes have not been found to be specific to any one type of functional
psychosis. Clinical syndromes, including depression, anxiety, and substance use dis-
orders, co-occur with SZ, SAD, MDD and BPD at appreciable rates. Genetic linkage
studies have primarily focused on the phenotype of functional psychoses (SZ, SAD,
MDD, and BPD) susceptibility. To date, however, relatively limited work has been
conducted to identify the genetic variants associated with symptom dimensions.
While the potential advantages of an endophenotype based approach are widely
appreciated in the investigation of the genetics of functional psychoses, there is no
consensus for achieving this goal. Overlapping endophenotype processes include
physiological or electrophysiological anomalies, psychological or neurocognitive
deficits and biochemical alterations. Specific challenges need to be addressed in the
future if we hope to move forward in our goal to reach meaningful and applicable
clinical results. We conclude that we need: (a) a new concept for functional psy-
choses in order to develop a new classification for research purposes, (b) new and
improved clinical assessment tools, (c) to target persons with functional psychoses;
and (d) to conduct molecular genetic studies using a number of candidate genes and
endophenotypes with measured symptom dimensions and patterns.

M.S. Ritsner ()

Department of Psychiatry, Rappaport Faculty of Medicine, Technion - Israel Institute of
Technology, Haifa, Israel; Sha’ar Menashe Mental Health Center, Hadera, Israel

e-mail: ritsner @sm.health.gov.il; ritsnerm @ gmail.com

M.S. Ritsner (ed.), Handbook of Schizophrenia Spectrum Disorders, Volume I, 1
DOI 10.1007/978-94-007-0837-2_1, © Springer Science+Business Media B.V. 2011
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Keywords Functional psychoses - Schizophrenia - Classification - Categorical
models - Dimensional models - Genes - Endophenotypes

Abbreviations
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1 The Schizophrenia Construct After 100 Years of Challenges 3
The Schizophrenia Construct

Schizophrenia (SZ) is one of the most devastating functional psychoses (FP). It
affects about 1% of the world’s population, and remains a major challenge for
clinical and biological psychiatry. Given the fact that debates about the concept
and classification of psychotic disorders have continued throughout the last cen-
tury, it might be expected that most of the main controversies ought to have been
resolved by now (see e.g. [1-10]). But they have not, as is apparent from the con-
trasting positions presented in this textbook. Mounting evidence indicates that main
challenges have focused primarily on the following: diagnostic criteria and their
stability over time, validation of categorical models, integration of dimensional
approaches to diagnosis, genetic epidemiology, molecular genetics, endophenotypes
and identification of persons at early risk [11-26]. Three main concepts or models
attempt to account for the symptom polymorphism of functional psychoses: unitary,
categorical, and dimensional.

A Unitary Concept

‘Unitary psychosis’ is the collective name for a set of disparate doctrines whose
common denominator is the view that there is only one form of psychosis and that
its diverse clinical presentations can be explained in terms of endogenous and exoge-
nous factors [27]. Unitary psychosis connotes an absence of psychopathologically
ascertainable nosological entities and points rather to a wide variety of disease varia-
tions that converge. The idea of a unitary psychosis is thus contrary to the concept of
natural nosological entities or multiple and distinguishable psychoses which show
individual symptomatology, etiology, and course [27, 28]. There are insufficient data
to confirm or refute the unitary concept at present.

Categorical Models

The historical development of these models has been repeatedly described (e.g.
[5-8, 26, 29]) (Fig. 1.1). Briefly, Kahlbaum [30] proposed a classification based
on symptoms, course and bad vs. good outcomes. Later, in the year 1878, Emil
Kraepelin [31, 32] based on bad vs. good outcomes presented dementia praecox
(emotional dullness, lack of interest and apathy) and manic-depressive disorder as
two naturally-occurring disease entities. Eugen Bleuler [1] gave dementia praecox
its current name ‘schizophrenia’ (SZ) based on the loosening of associations, which
preceded both fundamental (affective and thought disturbances, ambivalence and
autism) and accessory (hallucinations, delusions and catatonic symptoms) symp-
toms. He wrote: “I call dementia praecox ‘schizophrenia’ because (as I hope to
demonstrate) the ‘splitting’ of the different psychic functions is one of its most
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Fig. 1.1 A suggested typology of the functional psychoses. © M.S. Ritsner & LI. Gottesman
(2011) and used by permission

important characteristics. For the sake of convenience, I use the word in the sin-
gular although it is apparent that the group includes several diseases” (p 8). Later,
Langfeldt [33] divided schizophrenia into nuclear SZ with poor prognosis, and
schizophreniform psychoses, with an acute onset and good prognosis.

The German model, of the Wernicke-Kleist-Leonhard school, is based on sophis-
ticated clinical descriptions and hierarchical symptom patterns that occur during the
long-term course of psychiatric disorders [34]. Psychoses exhibiting “schizophrenic
symptoms” need to be divided into three distinct clinical subgroups: unsystematic
and systematic schizophrenias, and cycloid psychoses [35, 36].

The Russian-Soviet model [37-39] of the classification of schizophrenia devel-
oped at the Institute of Psychiatry of the Academy of Medical Sciences of the USSR,
the criterion for differentiation within the group of schizophrenias is the course of
the illness. Three main forms are distinguished depending on whether the course is
continuous, recurrent, or “mixed”; and these are thought to differ from each other
in terms of symptoms, development, response to treatment, and pathogenesis. The
subtypes of continuous schizophrenia are (a) “sluggish,” (b) “moderately progres-
sive (paranoid),” and (c) “malignant juvenile.” Several operational criteria have been
developed to establish the diagnosis of SZ, making it obvious that there are no pre-
cise diagnostic boundaries. For example, sluggish SZ is viewed not as an initial
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(prodromal) stage of SZ, but rather as an independent diagnostic category charac-
terized by a slow progressive course, subclinical manifestations in the latent period,
overt psychopathological symptoms in the active period, and then by a gradual
reduction of positive symptoms, with negative symptoms predominating the clini-
cal picture during patient stabilization [40]. Unfortunately, the “sluggish” (“latent™)
form of schizophrenia has been used for political purposes in the Soviet Union.
Clearly, the use of diagnoses such as sluggish schizophrenia exposes fundamen-
tal deficiencies in the reliable and valid definition and classification of psychiatric
disorders.

The American model requires the presence of psychotic features, established
chronicity, evidence of deterioration, and the exclusion of affective and organic fea-
tures [41]. The diagnostic criteria for SZ in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV) [42] are based on the premise that it is a discrete ill-
ness entity, in particular, distinct from the affective psychoses. A variety of psychotic
syndromes has been described which have features in common with the so-called
schizophrenic psychoses (DSM-1V): schizophrenia (295.x), schizophreniform dis-
order (295.4), schizoaffective disorder (295.7), delusional disorder (297.1), brief
psychotic disorder (298.8), shared psychotic disorder (297.3), psychotic disorder
due to (specify medical condition, 293.x), substance-induced psychotic disorders
(293.x), delusional disorder (297.1), psychotic disorder NOS (298.9). The validity
of schizophreniform disorder (295.4), brief psychotic disorder (298.8), and shared
psychotic disorder (297.3) remains controversial and their diagnosis has limited
clinical utility. For instance, findings from prior research suggests that cases of
schizophreniform disorder may be: (1) atypical cases of affective disorders, (2) cases
of schizophrenia in early course, or (3) a heterogeneous group of disorders includ-
ing a subgroup with benign course and outcome that maintains this diagnosis for
less than 6 months.

The International Classification of Diseases and related Health Problems (Tenth
Revision; ICD-10) [43] classifies SZ together with schizotypal disorder, persis-
tent delusional disorder, acute and transient psychotic disorders, induced delusional
disorder and schizoaffective disorder. This classification avoids criteria based on
social and occupational dysfunction for the diagnosis of SZ on the grounds that it is
difficult to compare these criteria across different cultures.

Thus, in the current categorical classifications of diseases (DSM-IV and ICD-10),
SZ, as well as other disorders, are seen as a categorical entity that includes both
clinical (symptoms) and outcome (duration) items. However, because the defini-
tion of SZ requires only a certain number of items without any preference, it is
not uncommon for two patients with the same diagnosis to have almost totally dif-
ferent symptomatology, while outcomes within the SZ diagnosis vary considerably
[29]. The diagnostic criteria for SZ are based on the premise that it is a discrete
illness entity, in particular, distinct from the affective psychoses. This assumption
has persisted for more than a century, even though patients with a diagnosis of
schizophrenia show a wide diversity of symptoms and outcomes, and no biologi-
cal or psychological feature has been found to be pathognomonic of the disorder
[26, 44-46].
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The Concept of Schizoaffective Disorder. The clear-cut distinction between SZ
and BPD rapidly began to lose strength in the concept of schizoaffective psychoses
[47]. The term schizoaffective disorder (SAD) reflects the acceptance of interme-
diary states, in which the symptoms of SZ and BPD mingle [6, 48]. The concept
of SAD covers favorable as well as unfavorable forms of FP that do not con-
tribute to nosological classification [49]. Schizoaffective disorder has been shown
to cluster with both SZ and BPD in families [50, 51]. Many follow-up investi-
gations demonstrated that SAD patients can manifest, over their lifetime, manic,
depressive, catatonic, hebephrenic and other psychotic syndromes, the course and
outcome of which take an intermediate position between SZ and BPD [52]. Heckers
[53] highlights the difficulty of the longitudinal diagnosis due to the lack of reli-
able information and the doubtful accuracy of self-report, especially from a patient
with psychosis. Distinctions of SAD compared to SZ and BPD disorder are not
clearly defined by findings from neuropsychological, neuroimaging, molecular
neurobiology, or genetic epidemiology studies [54, 55].

Despite its uncertain nature, SAD is widely diagnosed: between 5.7 [56] and
8% [57] of psychotic patients met the criteria for SAD. There are a few alternative
models that account for individuals presenting with mixed psychotic and affective
symptoms: (a) SAD is a comorbid set of symptoms that occur as a by-product of
two separate disorders (SZ and BPD) or, that (b) SAD exists as the mid-point on a
continuum between SZ and BPD, such that the incorporation of these two disorders
onto one dimension may be a suitable alternative [54]; and that (c) SAD is simply
a more severe form of affective disorder; a third type of psychosis or a variation
of SZ.

Since the reliability of the diagnosis is equivocal [58], it has been suggested that
SAD should be eliminated from the diagnostic nomenclature (e.g. [59]). However,
recent reviewers have continued to recommend a diagnostic separation along the
continuum from psychosis to mood disorder [54, 60—62].

Dimensional Models

These models postulate a continuum of psychosis ranging from self-reported psy-
chotic symptoms in the general population, to schizotypal traits, to schizotypal
personality disorder, and finally to full-blown psychosis resulting in a diagnosable
primary psychotic disorder. It would appear that psychotic symptoms, whether per-
ceptual or involving thought processes, are fairly common occurrences within a
general population not necessarily diagnosed with a psychotic disorder in accor-
dance with the categorical model, be it DSM or ICD. Indeed, the incidence of
positive psychotic experiences in the general population is approximately 100 times
greater than traditional estimates of the incidence of psychotic disorder such as SZ
[63]. Hallucinations, delusional ideas and other more subtle reflections of psychotic
thought processes might occur in ordinary mental life [64—-66]. Approximately 21%
of children, 11-12 years old, experience hallucinations [67]. Consequently, these
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psychotic incidents can be looked upon as part of a dimensional continuum that are
magnified as a result of various genetic and environmental factors rather than as
rigid diagnostic criteria for disorders [68]. Thus, we have at least three axes of the
continuum: (a) within affected persons (SZ, SAD, MDD, BPD), (b) from affected
persons to non-affected persons in the general population, and (c) among relatives
of probands with FP.

Psychotic symptoms such as hallucinations and delusions, disorganized speech
and behavior, and negative symptoms are distributed along a continuum that extends
from SZ to psychotic mood disorders [69-71]. Regarding the number of putative
symptom dimensions, there is some consensus that there are 3—6 symptom dimen-
sions underlying the latent structure of FP (Table 1.1). Repeat examinations of
patients revealed results that further support the validity, internal consistency and
inter-rater reliability of the PANSS factor models of SZ psychopathology [72-78].
In addition, poor insight [79, 80], elevated emotional distress [81, 82], cognitive
[83—85] and quality of life impairments [86], disruption of everyday functioning
[87-90] should be added to phenotypic characteristics of functional psychoses.

Table 1.1 Syndrome dimensions underlying functional psychosis

Syndrome dimensions References

Type I consisted of positive symptoms such as delusions and
hallucinations.

The type II syndrome is more or less chronic and is characterized by
negative symptoms, such as flattening of affect, poverty of speech
and loss of drive; these symptoms are related to poor outcome, poor
response to neuroleptic drugs, and structural pathology in the
central nervous system.

Crow [227, 228]

Positive and negative symptoms

Positive, negative, and general psychopathological scales

Positive, negative, excited and depressed, cognitive dysfunction,
suspiciousness and stereotypic thinking

Anergia, thought, activation, paranoid, and depression factors

Psychomotor poverty, disorganization, and reality distortion

Negative, psychoticism, disorganization

Negative, positive, excited, cognitive, anxious/ depressive

Negative, positive, activation, dysphoric mood and autistic
preoccupation factors
Negative, positive, cognitive, excitement and depression components

Andreasen and
Olsen [229]

Kay et al. [230]

Kay, Sevy [231]

Kay [232]

Liddle [72]; Peralta,
Cuesta [73];
Keefe et al. [74]

Arndt et al. [233,
234]; Andreasen
et al. [235]

Lindstrom, Von
Knorring [236];
Lindenmayer
et al. [237]

White et al. [75]

Lindenmayer et al.
[237]; Lancon
et al. [76]
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Moreover, there is clearly an increased prevalence of anxiety, depressive, and
substance abuse disorders in patients with SZ than in the general population
[91-93]: 15% for panic disorder, 29% for posttraumatic stress disorder, and 23%
for obsessive-compulsive disorder (OCD); 47% of patients also have a lifetime diag-
nosis of comorbid substance abuse [94]; anxiety symptoms could occur in 60% of
patients with chronic psychotic disorder [93]. Cunill et al. [95] reviewed 23 studies,
(18 articles provided usable data for the meta-analysis). The presence of obsessive-
compulsive symptoms (OCS) or obsessive-compulsive disorder (OCD) is common
in patients with SZ. The presence of OCS was significantly associated with greater
severity of global psychotic symptoms (standardized mean difference, 0.39), posi-
tive symptoms (0.28), and negative symptoms (0.36). A meta-analysis revealed that
the presence of OCS in SZ is associated with higher global, positive, and negative
symptoms. This association was not found when a categorical definition of OCD
was used. Regarding depressive symptoms, it is estimated that comorbid depres-
sion occurs in up to 40% of patients with chronic psychotic disorder [93]. For
each of these comorbidities, their presence is generally associated with more severe
psychopathology and with poorer outcomes.

Overall, current data indicate that the functional psychoses are best understood
not only categorically but with some provision for dimensionality [16, 96, 97] since
setting the boundaries for psychosis is not a limiting problem in dimensional models
as it is in categorical models. Converging evidence from critical studies compar-
ing categorical and dimensional models of functional psychoses demonstrated that
symptoms and life time course, risk factors, endophenotypes, and putative neuro-
biological underpinnings are better explained in terms of continuous distributions
[98]. A promising and useful line of research for assessing the validity of competing
definitions or continuum models in FP is to establish a strategy that combines multi-
dimensional and polydiagnostic approaches to define clinical markers or phenotypes
[99]. Nevertheless, two problems arise when including the dimensional approach
to diagnosis in an official nomenclature: (a)there is no widely tested and accepted
system of dimensional diagnosis, and (b) clinicians find the added work of rating
dimensions burdensome [100].

For the diagnosis of neuropsychiatric disorders, a categorical classification
system is often utilized as a simple way for conceptualizing an often complex
clinical picture. This approach provides an unsatisfactory model of mental illness,
since in practice patients do not conform to these prototypical diagnostic cate-
gories. Deo et al. [101] introduced an analytic framework to dissect the phenotypic
heterogeneity present in complex psychiatric disorders based on the conceptual
paradigm of a continuum of psychosis. The approach identifies subgroups of behav-
ioral symptoms that are likely to be phenotypically and genetically homogenous.
The authors have applied this approach to a psychiatric dataset of a genome scan
for schizophrenia that includes extensive behavioral information and that has identi-
fied significant evidence for linkage among depressed individuals with two distinct
symptom profiles.
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Genetic Epidemiology

Family, twin and adoption studies have demonstrated a high heritability of SZ and
BPD disorder [102-106]. Early estimations of the load of SZ in families show high
rates compared to population estimates. Figure 1.2 presents data compiled from 40
family and twin studies in European populations from 1920 to 1987. However, the
registration of probands at a psychiatric hospital (conventional sampling method)
leads to over-estimation of the number of persons affected in their families.

For example, the ascertainment of probands according to place of residence
in the community has enabled the sampling to be representative of whole sub-
populations of patients in the Tomsk region (Russia) [107-111]. Probands from
psychiatric hospitals (n=452, “clinical sample”) are characterized by biased
prevalence of SZ among the first degree relatives (Rj=6.29%) compared to
relatives of a community-based (“epidemiological”’) sample of 229 probands
(R =2.88%) (Table 1.2). Table 1.3 gives estimated lifetime prevalence rates
(over 15 years, PR) and lifetime morbid risks (MR) of schizophrenia among
26,449 first-degree relatives of SZ probands of a large number of family stud-
ies (data and references see [103]). The lifetime PR =MR for groups of sib-
lings and offspring, and the estimate PR>MR only among parents (10.5>5.7%,
p < 0.001). Therefore, the lifetime MR estimate for first degree relatives is on aver-
age lower (8.3%) as compared with the lifetime PR (10.5%, p < 0.001). Thus, values
for lifetime PR for parents, siblings, and offspring are just the same (corresponding
to the proportion of the genes shared with the proband), but values for lifetime MR
for parents are significantly lower (p<0.01) than MR for siblings and offspring.

General population
W 5%
3rd degree First cousins
relatives
Uncles / Aunts
25%
2nd degree Nephews / Nieces
relatives
Grandchildren
W s0%
1st degree Half siblings
relatives
Parents
B 100% Siblings
Children
Fraternal twins
48%
0% 5% 10%  15%  20% 25% 30% 35% 40% 45% 50%
Genes shared Relationship to Risk of Developing Schizophrenia

person with
schizophrenia

Fig. 1.2 Lifetime age-adjusted, averaged risks for the development of schizophrenia-related psy-
choses of relatives differing in their degree of genetic relatedness [369]. Note. Compiled from the
40 family and twin studies in European populations from 1920 to 1987. © LI. Gottesman (2004)
and used by permission
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Table 1.2 Prevalence of schizophrenia (ICD-9) among relatives of probands (findings from the
Tomsk Genetic Epidemiological Study of Schizophrenia [109])

Epidemiological sample (n=452

probands) Clinical sample (n=229 probands)

Schizophrenia Schizophrenia
Category Number _ Number
of relatives of relatives N % of relatives N %
Parents 819 25 3.05** 439 26 5.92%*
Siblings 1,005 28 2.79** 383 26 6.79**
Offspring 303 8 2.64** 52 3 5.77**
First degree (Ry) 2,127 61 2.88** 874 55 6.29**
Half sibling 116 0 - 67 1 1.49
Grandparents 790 5 0.63 541 3 0.55
Uncles, aunts 1,532 18 1.17 908 15 1.65
Grandchildren 28 0 - 2 0 -
Nephews, nieces 700 5 0.71 207 2 0.97
Second degree (Ry) 3,166 28 0.88** 1,725 21 1.22%*
Third degree (Ryyr) 1,528 14 0.92* 815 4 0.49

Comparison with population frequency: *p < 0.01; **p < 0.001.

Table 1.3 Lifetime morbid risks and lifetime prevalence of schizophrenia among relatives of
probands (compiled data) [103, 109]

Age-

Category of corrected Number of Affected

relatives values relatives N Percent £ SE Significance p

Parents MR 8,919 512 57402 <0.001
PR 2,520 264 10.5 £ 0.6

Siblings MR 10,463 1036 99403 >0.05
PR 2,815 295 105+ 0.6

Offspring MR 1,247 167 134+1.0 >0.05
PR 485 52 107+ 14

First degree MR 20,629 1715 83402 <0.001
PR 5,820 611 105+ 04

MR - lifetime morbid risk.
PR — lifetime prevalence data (over 15 years).
SE - standard error.

According to the data of a large number of family studies, SZ lifetime prevalence
rates and morbid risks among first—degree relatives of patients run 5-14% [103],
which corresponds to the lifetime prevalence date (6.29%) in the “clinical sample”.
The lifetime morbid risk estimates for nonselected groups of patients are 2-3 times
lower, constitute 2—4% [112], and resemble lifetime prevalence data in the epidemi-
ological sample (2.88%). Thus, the ascertainment of probands according to place of
residence provides important results which appear to contradict those produced by
conventional sampling methods.
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Family studies of mood disorders have consistently demonstrated that first degree
relatives (Ry) of BPD-I probands are 8—18 times more likely than are the Ry of
healthy subjects to have BPD-I and 2—10 times more likely to have major depressive
disorder (MDD). Prior literature provides evidence that SZ, SAD, MDD and BPD
can occur in the families of either of the disorders [102]. Recently, Laursen et al.
[113] investigated the magnitude of the overlap between the clinical diagnoses of
SZ, SAD and BPD over a 35-year period based on the entire Danish population.
The authors found a large comorbidity index between SZ and SAD, as well as a
large index between BPD and SAD. Furthermore, a substantial comorbidity index
between BPD and SZ was present.

Van Snellenberg, de Candia [114] systematically reviewed family studies of
probands with SZ and BPD published from January 1, 1980, to December 31, 2006.
Of the original 2,326 studies identified through the database search, 38 studies
were used to investigate rates of BPD in Ry of probands with SZ, while 39 stud-
ies were used to examine rates of SZ in Ry of BPD probands. The Ry of probands
with SZ showed significantly increased rates of BPD relative to control Ry (odds
ratio [OR] = 2.08). The Ry of probands with BPD showed marginally (p = 0.06)
increased rates of SZ relative to control Ry (OR = 2.10); this analysis was signifi-
cant (p = 0.02) when studies that did not report morbid risk estimates were excluded
(in this case, OR = 3.49). This meta-analysis provides direct evidence for familial
coaggregation of SZ and BPD, a finding that argues against the view that these
disorders are entirely discrete diagnostic entities.

Lichtenstein et al. [115] linked the multi-generation register, which contains
information about all children and their parents in Sweden, and the hospital dis-
charge register. The analysis, which included more than 9 million individuals from
more than 2 million families over a 30-year period between 1973 and 2004, individ-
uals with either SZ or BPD. In particular, authors found that siblings of probands
with SZ had a significantly increased risk for SZ and BPD than the general popu-
lation. When relatives of BPD probands were analyzed, there was an increased risk
for SZ for all relationships, including adopted children to biological parents with
BPD. Heritability for SZ and BPD was 64% and 59%, respectively. The comorbid-
ity between disorders was mainly due to additive genetic effects common to both
disorders. These results challenge the current nosological view that SZ and BPD
are separate and distinct conditions.

Gottesman and his collaborators [116] in Denmark tapped an enviable database;
it contained national registry data on the over 2.6 million people alive in Denmark
in 1968 or later and whose both biological parents had been identified in the same
registry. Among the SZ * SZ parent couples 27.3% of 270 children had been dis-
charged with a SZ diagnosis by age 52. When only one parent had been treated for
schizophrenia (SZ*N, non-affected), 7% of 13,878 offspring had also received this
diagnosis. In contrast, the incidence dropped to 0.86% in the children of couples
(N * N) in which neither member had received any diagnosis during the study.
When the phenotype included schizophrenia-related disorders (schizoid personal-
ity disorder, paranoid disorders, SAD, and various psychoses other than BPD), the
percentage of offspring with related disorders rose to 39.2% among the SZ * SZ
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couples. Similar findings emerged for BPD: among the BPD*BPD couples 24.9%
of their 146 offspring had BPD. When one parent had bipolar disorder and the other
no psychiatric history (BPD % N), the percentage of treated children fell to 4.4%. In
comparison, only 0.48% of children born of two parents never receiving any diag-
nosis(N * N) received treatment for it themselves. Couples with one parent SZ and
the other BPD resulted in offspring with a cumulative incidence of 15.6% for SZ
and 11.7% for BPD. Statistically, their risk did not differ from that of subjects who
owed their start in life to one diagnosed parent and an apparently healthy one, but
the researchers ascribe that to small group sizes.

Thus, these genetic epidemiological studies support the existence of an overlap
between SZ, SAD, MDD and BPD thus challenging the strict categorical approach
used in the current classification systems.

The Concept of Schizophrenia Spectrum Disorders. This concept explains a
high frequency of persons with personality disorders, pseudoneurotic schizophre-
nia, schizotypal personality disorder, borderline and latent schizophrenia among
relatives of probands with SZ [53, 117-122]. The current version of the DSM-
IV-TR recognizes SZ, SAD, MDD, BPD schizophreniform and brief psychotic
disorders, delusional disorder and shared psychotic disorder, personality disorders
(i.e., schizotypal, paranoid, and schizoid personality disorder).

Investigation of the prevalence of mental illness among the biological and
adoptive relatives of schizophrenic adoptees showed a significant concentration of
chronic SZ (5.6%) and latent schizophrenia (14.8%) in the biological relatives (first
and second degree relatives) of SZ adoptees [123]. Lenzenweger and Loranger [124]
examined the morbid risk of SZ, MDD, and BPD in the first-degree relatives of
101 nonpsychotic psychiatric probands who were classified as schizotypy (+) or
schizotypy (-) using the Perceptual Aberration Scale. The relatives of schizotypy(+)
probands were significantly more likely to have been treated for SZ than the relatives
of schizotypy (-) probands.

There is a specific familial association between schizophrenia-related personality
disorders, and clinically diagnosed schizotypal personality disorder (SPD) patients
[125]. Possible relatedness of SPD to SZ was analyzed by coefficient genetic cor-
relation (rg) between liability to SZ and liability to SPD, and by multifactorial
threshold model (MTF) using two pedigree samples: 357 probands with SZ and
168 probands with SPD [111]. A high rate of SZ was found in relatives of both
samples, but any excess of SPD was found only in relatives of the SPD sample
(Table 1.4). Based on these data, the hypotheses assuming a single liability with two
thresholds and different liability for both disorders were rejected (1, = 0.61). This
result demonstrates the existence of both different and common genetic factors for
SZ and SPD or the interaction between these factors.

Furthermore, Table 1.5 provides estimates of the liability of SPD and SZ reached
by using the MTF model. As can be seen, this model shows very modest speci-
ficity differences for any of these disorders. Thus, this study suggests that SZ and
SPD are separate states and that some of the factors that contribute to susceptibility
for SPD influence the development of SZ, but not vice versa. Several studies show
similarities between SPD and SZ with respect to structural neuroimaging studies
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Table 1.4 Coefficient genetic correlation (r,) between liability to schizophrenia and liability to
schizotypal personality disorder [111]*

First degree relatives

Schizotypal personality
Schizophrenia  disorder

Probands’ diagnosis (N) N N % N % x> rg
Schizophrenia (n=357) 1761 42 3.38 8 0.45 32 061
Schizotypal personality 626 16 2.56 9 1.44

disorder (SPD; n=168)

#Prevalence rate of schizophrenia = 0.29%, and schizotypal personality disorder = 0.14%.

Table 1.5 Multifactorial Threshold (MTF) Model liability to schizophrenia and to schizotypal
personality disorder [111]

Correlation in Components of
Relatives Affected (%) liability rg (& SD) variance?, % (4 SD)
Phenotype: Schizophrenia
Parents, children 2.06 0.25 (0.03) Ga =49.2(8.9)
Siblings 2.75 0.30 (0.03) Ey, =7.0(2.8)
Second degree 0.87 0.13 (0.02) w = 43.8
Third degree 1.00 0.15 (0.04)
Phenotype: Schizotypal personality disorder
Parents, children 2.01 0.37 (0.05) Ga =593 (11.5)
Siblings 0.72 0.23 (0.08) E,, =40.7
Second degree 0.16 0.07 (0.06)
Third degree 0.17 0.07 (0.09)

4The decomposition of phenotypic variance included the following components:
additive autosomal (G ), systematic environmental of “single generation” (Ey), and
residual environmental (Ey,).

[126-129]. They differ, however, in that both do not show psychotic symptoms (see
reviews [130, 131]).

Thus, the concept of schizophrenia spectrum disorders is the result of a cate-
gorical diagnostic system and has resulted in the idea that schizophrenia may be
one extreme of a continuum, which is a phenotypic representation of a liability to
functional psychoses.

Familiality of Schizophrenia

Studies which have investigated the familiality of SZ phenotypic variability have
consistently shown a substantially earlier illness onset [132—134], higher severity
of negative symptoms [135-137], poorer outcome and higher rehospitalization rate
[138, 139] among patients with than without a family history of SZ. Particularly,
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Malaspina et al. [137] assessed family history and the deficit syndrome in 99 patients
with DSM-III-R-diagnosed schizophrenia who were assessed during clinical treat-
ment. The authors found that (a) patients with a family history of schizophrenia
had greater and more treatment-resistant negative symptoms than those without a
family history, and (b) the group with a family history had more severe negative
symptoms related to psychosocial function. Wickham and associates [134] reported
that premorbid functioning, mode of onset, and course of schizophrenia are familial.

Studies that investigated both a genetic association with phenotypic variability
and the familiality of clinical polymorphism have at least two serious limitations.
First, previous research has focused on the cross-sectional measures of symptoms
in schizophrenia though it may not be stable at different phases of the illness, and
dimensions of psychopathology show different patterns of exacerbation and remis-
sion during the course of illness [140, 141]. Second, severity of symptoms also
associated with poor insight [142] and side effect [143] domains were omitted in
the above-mentioned studies. In order to address these limitations, Ritsner and asso-
ciates [144] examined stability associations between family history and variability
of PANSS dimensions repeatedly examined during a naturalistic 16-month follow-
up study of 69 patients with familial and 79 patients with sporadic schizophrenia,
at hospital admission and at stabilization stage. Analysis showed that schizophrenia
patients with positive family history have significantly higher PANSS dysphoric,
activation and negative factor scores. However, familiality of PANSS activation and
negative factors were dependent on additional variables such as age of onset (both
factors), baseline ratings, insight, and side effects (negative factor). No significant
association of family history with intensity of PANSS positive and autistic preoc-
cupation factors was found. Thus, familial schizophrenia is characterized by higher
severity of dysphoric mood factors including PANSS items of anxiety, tension, guilt,
depression and somatic concern that may represent impaired emotional reactivity.

Finally, Simonsen et al. [145] asked whether neurocognitive dysfunction in
schizophrenia spectrum disorders depends more on history of psychosis than diag-
nostic category or subtype. Neurocognitive function was measured among persons
with SZ (n = 102), SAD (n = 27), and BPD (I or II) with history of psychosis
(n = 75) and without history of psychosis (n = 61) and healthy controls (n = 280).
Obtained findings suggest that neurocognitive dysfunction in BPD and SZ spectrum
disorders is determined more by history of psychosis than by DSM-IV diagnostic
category or subtype, supporting a more dimensional approach in future diagnostic
systems.

Candidate Genes

Many putative susceptibility genes are being identified weekly, arising both from
positional cloning and candidate gene approaches. Despite intensive research and
spectacular advances in molecular biology, however, no single gene variation has
been consistently associated with a greater likelihood of developing FP. Molecular
genetic studies have implicated genes related to dopaminergic, serotonergic and
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glutamatergic neurotransmissions, GABA, and candidate genes with other mech-
anisms. Genetic linkage studies in schizophrenia have primarily focused on the
phenotype of disorder susceptibility. There is evidence for significant associa-
tions between SZ and specific genes: neuregulin 1 (NRG1I), dysbindin (DTNBPI),
disrupted-In-Schizophrenia-1 (DISCI), the catechol-O-methyl transferase gene
(COMT), d-amino-acid oxidase activator (DAOA, formerly known as G72), regu-
lator of G protein signaling 4 (RGS4), NOGO receptor 1, calcineurin (PPP3CC)
and the carboxyl-terminal PDZ ligand of neuronal nitric oxide synthase (CAPON)
[146-160]; see also web-resources: http://www.polygenicpathways.co.uk, and
http://bioinfo.mc.vanderbilt.edu/SZGR.

To date, however, relatively limited work has been conducted to identify the
genetic variants associated with symptom dimensions. For example, Wilcox et al.
[161] conducted a genome-wide linkage scan of symptoms measured by the Scale
for the Assessment of Negative Symptoms and the Scale for the Assessment of
Positive Symptoms in schizophrenia, in a study of 51 families (n=136). These
analyses revealed suggestive linkage to chromosomes 6, 9, and 20 for the disor-
ganized symptoms and to chromosome 12 for the negative symptoms. DeRosse et
al. [55] reported that lifetime severity of positive symptoms was significantly asso-
ciated with single-nucleotide polymorphisms (SNPs) within the origin recognition
complex subunit 3-like (ORC3L) gene, a gene implicated in synaptic plasticity. The
level of disorganized symptoms was significantly associated with 2 SNPs within
the brain-specific angiogenesis inhibitor 3 (BAI3) gene, which is highly expressed
in the brain during development. These data point toward specific candidate genes
located within previously implicated linkage peaks for clinical symptomatology.

Figure 1.3 summarizes significant associations of specific genes with the symp-
tom dimensions of SZ (see review [160]). As can be seen, there is overlap in
associations between symptom dimensions and candidate genes. For example, sig-
nificant relationships have been identified between the DISC1, HOPA, KCNN3,
RGS4 and MTHFP genes and the severity of positive and negative symptoms
in patients with SZ, as well as between DTNBP1, 5-HT, CYP206, DAOA and
5-HTTPLR and negative symptoms. In addition, DAOA, 5-HTTPLR and COMT
genes are associated with severity of depressive symptom dimensions, while the
COMT gene showed significant association with positive and mania symptom
dimensions. Based on these data, it seems likely that susceptibility genes may
influence the clinical presentation of the illness.

According to recent knowledge there are probably many multiple susceptibil-
ity genes (e.g. COMT, BDNF, 5-HTT, NRG1, DISC1, BDNF, DTNBP1, DGKH,
CACNAIC, ANK3, DAOA) involved in the pathogenesis of both SZ and BPD, each
of small effect, that challenge the current concepts of disease classification [157,
162-168]. Additional evidence appears weekly in the major neuroscience journals.

1. Vesicular monoamine transporters (VMATS) are involved in the presynaptic
packaging of monoaminergic neurotransmitters into storage granules. The gene
encoding VMAT1 is located on chromosome 8p21, a region implicated in
linkage studies of SZ, BPD, and anxiety-related phenotypes [169].
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Fig. 1.3 From genes through endophenotypes to clinical dimensions. Associations between
genetic polymorphism and symptom dimensions in schizophrenia measured with PANSS; BPRS;
SANS; and OPCRIT (the Operational Criteria Checklist of Psychotic Illness). Negative symp-
toms: 5-HTTLPR [346, 347], 5-HT>c [348], 5-HT2a [349], DAOA [350], KCNN3 [351, 352],
MTHEFR [353], DTNBP1 [354-356], DAT1 [357], HOPA (12bp) [358], DISC1 [359]. Positive
symptoms: COMT [360], MTHFR [353], HOPA [361], DISC1 [359], DISC1 [362], RGS4 [363],
NRG1 [364], 5-HTTLPR [347], KCNN3 [352]. General psychopathology: 5S-HTTLPR [346], 5-
HT,c [348], RGS4 [365]. Depression factor: DAO/DAOA [350, 366], S-HTTLPR [367], COMT
[368]. © M.S. Ritsner & LI. Gottesman (2011) and used by permission

2. Candidate-gene based population and family association studies have impli-

cated some ionotrophic glutamate receptor genes (GRIN1, GRIN2A, GRIN2B
and GRIK3), metabotropic glutamate receptor genes (such as GRM3) and
GABAergic genes (e.g. GAD1 and GABRB2) in both SZ and BPD to vary-
ing degrees, but further replication studies are needed to validate these results
(for review see [170]).

Angiotensin-converting enzyme (ACE) insertion/deletion polymorphism was
associated with SZ and BPD: DD genotype and D allele distributions in BPD
patients and their first-degree relatives were significantly higher than those of
SZ patients, their relatives, and controls. SZ and BPD characterized by similar
or different gene variant in ACE could be a useful marker for these psychiatric
disorders [171].

. A cytogenetic abnormality and rare coding variants identify the lipid transporter

gene ABCA13 as a candidate gene in SZ, MDD, and BPD [172]. Published
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studies suggest associations between circadian gene polymorphisms and BPD-
I, SAD and SZ [173].

5. YWHAH (22q12.3) is a positional and functional candidate gene for both SZ
and BPD [174].

6. Mitochondria are intracellular organelles crucial in the production of cellular
energy. A growing body of evidence suggests that mitochondrial dysfunction is
important in patients with SZ, MDD and BPD [175].

7. Molecular genetics and developmental studies have identified 21 genes
(ADRA1TA, ARHGEF10, CHRNA2, CHRNA6, CHRNB3, DKK4, DPYSL2,
EGR3, FGF17, FGF20, FGFR1, FZD3, LDL, NAT2, NEF3, NRGI1, PCM1,
PLAT, PPP3CC, SFRP1 and VMAT1/SLC18A1) that are most likely to con-
tribute to neuropsychiatric disorders (SZ, BPD, MDD, autism, Parkinson’s and
Alzheimer’s disease) and cancer (for review see [176]).

8. Chromosome 13q13-q14 locus overlaps SZ and BPD [177].

9. Most of the genomic DNA sequence differences between any two people
are common (frequency >5%) single nucleotide polymorphisms (SNPs). For
psychiatric disorders, there are initial significant findings for common SNPs
and for rare copy number variants, and many other studies are in progress.
Genome-wide association (GWAS) studies of SZ and BPD have implicated
some chromosomal regions in common; this is consistent with the presence
of shared susceptibility genes [178, 179]. This has lead to the assumption that
SZ is not only a genetically defined static disorder but also a dynamic process
leading to dysregulation of multiple pathways [106].

10. The Psychiatric GWAS Consortium is conducting GWAS meta-analyses for SZ,
MDD, BPD, autism, and attention deficit hyperactivity disorder [180]. A num-
ber of GWAS of SZ and BPD have produced stronger evidence for association
to specific risk loci than have earlier studies, specifically for the zinc finger
binding protein 804A (ZNF804A) locus in SZ and for the calcium channel,
voltage-dependent, L type, alpha 1C subunit (CACNA1C) and ankyrin 3, node
of Ranvier (ANK3) loci in BPD. The ZNF804A and CACNAI1C loci appear
to influence the risk for both disorders, a finding that supports the hypothe-
sis that schizophrenia and BPD are not completely etiologically distinct [181].
Moskvina et al. [182] have undertaken gene-wide analysis of two GWAS data
sets: SZ and BPD. The authors found that association signals are enriched in
and around genes, and that large numbers of genes contribute to both dis-
orders. Another GWAS analysis [183] showed a common genetic component
which contributes to the risk of SZ and BPD, but not to several non-psychiatric
diseases. Thus, systematic GWAS and follow-up studies have reported genome-
wide significant association findings of common variants for SZ and BPD
[184], they also allow us to narrow the boundaries on the models of genetic
architecture that are consistent with the observed data [185].

There is little clear indication which of the categorical models is valid for genetic
and other biological research. Nevertheless, GWAS analysis, which has success-
fully identified susceptibility genes for a variety of complex disorders, has begun to
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implicate specific genes for BPD (DGKH, CACNAI1C, ANK3). The polygenicity
of the disorder means that very large samples will be needed to detect the mod-
est effect of loci that likely contribute to BPD [164]. Recently, single nucleotide
polymorphisms (SNPs) of the tetraspanin gene TSPANS were found among the best
ranked markers of genome wide association studies on BPD (rs1705236) and type-
2 diabetes, but functional consequences remained largely unknown. Scholz et al.
[186] reported the results, which argue for a differential promoter activity specific
to the variant associated with BPD, but impaired protein functionality in SZ. This
suggests that TSPANS contributes to both diseases, yet with different underlying
mechanisms: regulatory versus structural.

As stated above, the majority of these studies have proceeded under the assump-
tion that SZ, SAD, MDD, and BPD are distinct entities with separate underlying
disease processes. A large number of linkage and association studies have been con-
ducted and have produced a large number of findings often not replicated or even
partially replicated.

Endophenotype Model Challenges

The clinical heterogeneity of SZ and it’s phenotypic and genetic overlap with
SAD, MDD, and BPD have raised questions about the optimal phenotype defi-
nition for genetic studies. Endophenotype strategy was originally proposed by
Gottesman and Shields [187], Gottesman and Gould [188, 189] in order to
reduce the heterogeneity and complexity of research into common, multifacto-
rial, genetically-influenced disorders. The term endophenotype refers to a set
of quantitative, heritable, trait-related deficits typically assessed by biochemical,
endocrine, neuroanatomical, neurophysiological, neuropsychological, imaging and
other methods. There is a growing consensus that an endophenotype approach
may be utilized to overcome the difficulties regarding the ambiguities inherent in
phenotypic description and to facilitate the identification of the susceptibility or
protective genes of a wide spectrum of neuropsychiatric disorders (for review see
[25, 190-192]). Indeed, this approach is being applied to SZ, SAD, MDD, and
BPD [193-200], attention-deficit hyperactivity disorder [201], autism [202], alcohol
dependence [203], and other complex conditions (for further reading see elsewhere
in these volumes as well as an earlier 4 volume Handbook [10]). While the potential
advantages of an endophenotype based approach are widely appreciated for the
genetics of multifactorial disorders, there is no consensus on how to achieve this
goal in FP.

Table 1.6 presents a sample of investigated traits, which have been discussed as
candidates for endophenotypes for functional psychoses. As can be seen, poten-
tial candidate endophenotypes have been suggested for SZ, including a variety
of structural brain pathologies, minor physical anomalies, neurocognitive deficits,
various event-related potentials measured by electroencephalography (EEG), and
olfactory identification deficits, neurocognitive deficits, including impairments in
executive functioning, attention and memory domains, several electrophysiologic
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findings, such as sensory-motor gating deficits, and smooth pursuit eye-tracking
abnormalities (reduced gain during smooth pursuit and increased saccade fre-
quency), and biochemical alterations. Endophenotypes for MDD and BPD under
current investigation also include neuroanatomical (e.g. subcortical gray matter
volume abnormalities), neurophysiological (e.g. fronto-temporal alterations within
the first 200 ms during an attentional task), biochemical (e.g. impaired response
to corticotropin-releasing hormone), psychological (e.g. cyclothymic personality
traits), and others.

However important differences also emerged. Jabben et al. [204] assessed neu-
rocognition, psychopathology, and psychosocial functioning in samples of patients
with a SZ spectrum disorder (n = 345) and BPD (n = 76) that met DSM-IV crite-
ria, first-degree relatives of both patient groups (n = 331 and n = 37, respectively),
and healthy controls (n = 260 and n = 61, respectively). They found that cognitive
deficits were more severe and more generalized in patients with a SZ spectrum disor-
der compared to patients with BPD; cognitive alterations were present in relatives of
patients with SZ spectrum disorders but not in relatives of BPD patients. The asso-
ciation between neurocognitive dysfunction and psychosocial functioning was more
generalized in SZ spectrum disorders than in BPD; for both disorders, associations
were only partly mediated by symptoms. The evidence for cognitive dysfunction as
a marker of familial vulnerability was stronger for schizophrenia than for bipolar
disorder. Although the presence of multiple cognitive deficits was shared by the 2
groups, the severity of cognitive deficits and its consequences appeared to somewhat
different between schizophrenia and bipolar disorder, which is in line with a model
that implies the specific presence of a neurodevelopmental impairment in the former
but not in the latter.

It should be noted that endophenotypes may not be specific to the disorder and
are shared across different conditions from mood disorders to schizoaffective dis-
orders and schizophrenia. Indeed, overlapping endophenotypic processes included
physiological or electrophysiological anomalies, psychological or neurocognitive
deficits and biochemical alterations as the following suggest:

Physiological or electrophysiological anomalies:

suppression of P50 auditory evoked responses;

P50 sensory gating ratio;

inhibition of leading saccades during smooth pursuit eye movements;
suppression of P50 auditory evoked responses.

Delayed P300 latency is a promising candidate endophenotype for psychotic
BPD, as well as SZ, and may reflect the impact of shared susceptibility genes
for both types of psychosis [205].

O0o0ood

Psychological or neurocognitive deficits:

O processing speed, working memory, and declarative (facial) memory;
O facial emotion deficits.
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Biochemical alterations:
O serum cortisol to dehydroepiandrosterone molar ratio.

In addition, neurocognitive and neurophysiological impairments [83], brain mor-
phometric alterations [206], anatomical connectivity and its abnormalities [207]
appear largely to meet the criteria for endophenotypes in psychotic and mood disor-
ders. These and other conditions may have some common biological basis, including
SNPs or genes, that are reflected in common markers and/or endophenotypes. The
ability to discern commonalities and differences in the neurobiology of functional
psychoses is limited by different methodologies applied in various studies and the
putative neurodevelopmental trajectories for each disorder. Definitive clarification
of what SZ, SAD, MDD and BPD have in common and in what ways they are dis-
tinct, if at all, will only be derived from studies that examine all functional psychoses
using the same study design and methodology.

A considerable body of literature exists concerning the relationship between cog-
nitive impairment and schizophrenia, but there is less data concerning cognition in
BPD. However, there are some notable similarities between data observed in SZ
and BPD [70]. Many domains of cognition are disrupted in SZ with varying degrees
of deficit. Regarding mood disorders, cognitive dysfunction could be considered
as a state marker. Globally some studies indicate that, compared with schizophre-
nia, those with bipolar disorder display a similar but less severe neuropsychological
pattern of impairment. It is only recently that cognitive dysfunction has been recog-
nized as a primary and enduring core deficit in schizophrenia and further studies in
BPD are needed.

Neurocognitive impairment is common to several neuropsychiatric disorders.
The growing use of cognitive impairment as an endophenotype in psychiatry raises
the issue of whether global measures of cognition, such as IQ, or assays of more
specific cognitive domains, such as working memory, will best serve to enhance
power in detecting susceptibility loci in molecular genetic studies. Burdick et al.
[208] reviewed the research on general intelligence in SZ and BPD and evaluated
its strengths and weaknesses as a candidate intermediate phenotype, concluding
that global measures of cognition represent good endophenotypes in SZ; current
research does not support the use of global measures of cognition as endopheno-
types for BPD. Neuropsychological data do not provide evidence for categorical
differences between schizophrenia and other diagnoses. However, a subgroup of
individuals with SZ who have more severe negative symptoms may be cognitively
more impaired than those with affective psychosis or SAD disorder [83].

Genetic linkage and endophenotype studies are challenged by focusing on the
categorical phenotype of functional psychoses, the lack of measures of symptom
dimensions, and by overlapping candidate genes and endophenotypes between SZ,
SAD, MDD, and BPD including physiological or electrophysiological anomalies,
psychological or neurocognitive deficits and biochemical alterations. Specific chal-
lenges need to be addressed in the future if we hope to move forward in our goal to
reach meaningful and applicable clinical results.
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Current Challenges

Functional psychoses are relatively common psychiatric syndromes, affecting vir-
tually all brain functions, and yet have eluded explanation for more than 100 years.
Whether by developmental and/or degenerative processes, abnormalities of neurons
and their synaptic connections have been the recent focus of attention [209]. The
categorical models have continued to be the focus of much criticism for many years
[11-15, 17-22, 24, 160]. In spite of the rich body of work that validates categorical
and dimensional models of FP, challenges remain because none of the group of FP,
or of the individual psychoses included within them, has been clearly demonstrated
to be a disease entity.
However, the categorical models pose several distinct advantages [23]:

1. Categorical reasoning arises naturally from the medical model and uses the
familiar concept of disease.

2. Current categorical nosology of the functional psychoses meet the needs of clin-
ical practice since a categorical diagnosis can be communicated with ease to
patients, clinicians, and third parties.

3. This lends itself naturally to traditional linear methods of defining a clinical syn-
drome, elucidating the underlying pathophysiology, and ultimately identifying
etiology.

4. For obvious practical reasons, the important and influential diagnostic and sta-
tistical manuals (ICD, DSM) develop slowly, call for discrete diagnostic classes
and need to be conservative [8].

5. There are data that do not contradict categorical models since SZ is a more
chronic affliction and BPD presents with a more cyclic pathology [70].

Kraepelin’s dichotomy formed the foundation of our current categorical nosology
of the functional psychoses, before treatment response was introduced into the
nosology, that has radically changed over time [24, 210]:

0 The concepts of manic depression, which included manic, circular, as well as
recurrent depressive conditions, was changed to clearly differentiate bipolar from
major depressive disorders [19].

O Avolitional and dissociative symptoms that were described as distinctive mani-
festations of dementia praecox, as well as further nuclear manifestations of SZ,
were de-emphasized in favor of Schneiderian first-rank symptoms [4, 20], which
were widely accepted in Europe [211]. However, these symptoms may be found
in non-schizophrenic conditions, and therefore, they are not specific or diagnostic
for schizophrenia [212].

O Multiple studies subsequently confirmed the existence of a group of conditions,
which were named SAD, between SZ, MDD and BPD.

O Clinical syndromes, including depression, anxiety, and substance use disorders,
co-occur with SZ at significant rates [213].
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Next, the categorical models do not take into account several central concerns
[160]:

1. Many of the mental disorders are in fact part of a dimensional spectrum such
as an affective spectrum, an obsessional spectrum and in our case the psychotic
spectrum.

2. Each of these disorders is in fact constructed from several discrete dimensions
such as a cognitive dimension, an impulsivity dimension, dimensions of positive
and negative symptoms and so on.

3. Assuch, by utilizing a dimensional approach we would be treating the particular
pathological dimensional symptoms or syndromes and not an entire categorical
disease entity.

4. Moreover, the validity of the categorical approach is further questioned by the
vast heterogeneity of the diagnosis — the “x symptoms out of y” approach
employed by the DSM-IV or ICD-10 leads to numerous different clinical
combinations with little in common apart from the diagnosis.

5. There is contradictory evidence from a long-term longitudinal study that sup-
ports Kraepelin’s original hypothesis [214], and is consistent with the existence
of an individual and a familial overlap between SZ and BPD (see e.g. [70, 116]).
Longitudinal studies demonstrated the existence of cases beginning as BPD
and later turning into SZ, as well as, vice versa [215, 216]. At 5-year follow-
up, 63.6% of 55 subjects, aged 12-20 years, consecutively hospitalized for a
manic or mixed episode still had a diagnosis of BPD; 14.5% changed life-time
diagnosis for SAD disorder and 20% for SZ [217].

6. The clinical boundaries of SZ remain indistinct blending at one extreme with
BPD and at the other with schizotypal personality disorder [218].

7. Schizophrenia does not represent a “real” construct in nature, therefore, it will
not delineate the true pathology and causal mechanisms underlying psychosis;
it will obfuscate etiology [219]. A century of work has been based on designs
that conceptualize SZ as a single disease entity, despite recognition that SZ must
have scientific status of a syndrome in the absence of proof of a single disease
process [14]. Independent of the clinical picture, we have no criteria such as a
laboratory test for diagnosing schizophrenia or its subtypes. Etiological hetero-
geneity, complex patterns of gene-gene and gene-environment interaction, the
existence of phenocopies and the presence of low disease penetrance and inad-
equately elucidated SZ pathophysiology are among the explanations invoked to
explain our inadequate understanding of the etiopathogenesis of schizophrenia
[158, 220].

8. Reexamination of patterns or chronicity within psychosis, i.e., Kraepelin’s
“poor outcome” principle of SZ, led many authors to also identify chronic
deterioration in the course of bipolar disorders [59]. A large subset of patients
diagnosed with SZ seemed to recover or significantly improve over the long
term.

9. The heterogeneity of patients that receive this diagnosis is substantial; causal
and neuropathological findings valid for some patients will not be found in
others.



1 The Schizophrenia Construct After 100 Years of Challenges 25

Furthermore, there is modest similarity between SZ and BPD relating to risk fac-
tors, neural substrates, cognition and endophenotypes, but key differences are noted
[221]:

O There is greater support for a spectrum relationship of SZ and SPD.

O Antecedent temperament, an important validator for other groupings, needs more
empirical study in the various psychotic disorders.

0 The DSM-IV-TR grouping of psychotic disorders is supported by tradition and
shared psychopathology, but little data exists across these diagnoses relating to
the spectrum criteria.

Currently, many fields of clinical and endophenotype assessments, neuroscience,
proteomics, gene expression analysis and genetics operate largely independently of
each other. Once the functional pathways that are involved in psychiatric disorders
and their associated traits of interest are identified, statistically sound combined
analysis of genetics with gene expression and pathway analysis will be needed.
Merging different data types from separate fields into a common analysis that results
in a joint statistical probability is a bioinformatic and statistical challenge [222].
(p. 537). The prospective strategy of overcoming the boundaries that separate these
fields, may be a triangular design (Fig. 1.4). This design may include a combination
of multi-candidate genes with multi-candidate endophenotypes and symptom mea-
sures in the framework of dimensional models of FP (see Chapter 3 in this volume).
This type of design may lead us to define common clusters that must be present in all
individuals diagnosed with the FP and discrete, non-overlapping psychopathological
endophenotype domain groups of patients.

N

Candidate Genes

COMT, MAG,, DBH, DAT,, DA receptors, AKT1, 5-HTTLPR,
S-HT GRIN, GMR3, DAOA, NRG1, KCNN3, TNBP1, MTHFR,
NPAS3, DISC1, RGS4, HOPA, RTNAR, PPP3CC

Fig. 1.4 A triangular design for genetic and endophenotype researches and looking for psy-
chopathological endophenotype domains. © M.S. Ritsner & I.I. Gottesman (2011) and used by
permission
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Conclusions and Future Directions

In this chapter we have attempted to review past and current challenges to the
schizophrenia construct within the framework of the functional psychoses span-
ning unitary, categorical and dimensional models using previous and contemporary
research in the field of GWAS polymorphisms, epidemiology, genetic epidemiology,
longitudinal studies, candidate genes and endophenotypes.

The study of functional psychoses is difficult and can be frustrating. Specific
challenges need to be addressed by cross-disciplinary teams in the future if we
hope to move forward in our goal of reaching meaningful and applicable clinical
results.

O We need a new concept of functional psychoses. Our inability to fathom the patho-
physiology of SZ forces us to challenge our theoretical models and beliefs [209].
The unitary concept of psychosis (“Einheitspsychose”) has been discussed in con-
troversial terms for a long time [223, 224]. The validity of the categorical models
of FP have been increasingly challenged by emerging data from many fields of
psychiatric research. Therefore, from consideration of the available evidence it is
suggested that the SZ, SAD, MDD, and BPD syndromes are non-specific or fuzzy
clinical domains of functional psychoses. As a result it is not clear where the
boundaries should be drawn. Current classification systems, such as the DSM and
ICD, are concerned with “diagnoses” but not with “disorders”, they are intended
more for achieving face than for neurobiological research [225].

O We need new and improved clinical assessment tools. There are various argu-
ments for the dimensional models of FP. Current data indicate that psychotic
disorders are best understood with provisions for categories, dimensions, and
thresholds in a context informed by epigenetic regulatory systems. The challenge
is to devise diagnostic dimensions that have heuristic value for neuroscientific
research and that can also guide clinical understanding and intervention [226].
Moving to a spectrum concept (be it with categories or dimensions) with recogni-
tion of overlapping pathogenetic factors and varying expression dependent upon
genetic risk, epigenetic regulation, and environmental exposure would allow a
confident and clear diagnosis to be offered.

O We need to target persons with functional psychoses instead of persons with cur-
rent categorical diagnoses. This rationale is less extreme than it sounds — as
stated above, symptom dimensions, candidate genes and endophenotypes show
overlapping between SZ, SAD, MDD and BPD.

O We need to apply a triangle design for future genetic and endophenotype
studies. This design suggests combining multiple-candidate genes with multiple-
endophenotype and symptom measures in the framework of a dimensional model
of FP (see Fig. 1.4). Despite the enormous effort to find a linkage between SZ and
one or more loci, the results are far from conclusive. Molecular genetic studies
have primarily focused on phenotypes (SZ, SAD, MDD, and BPD). To date, how-
ever, relatively limited work has been conducted to identify the genetic variants
associated with symptom dimensions. To understand etiological factors, genetic



1 The Schizophrenia Construct After 100 Years of Challenges 27

studies will shift from the genetics of SZ, SAD, MDD, and BPD as syndromes to
the genetics of clinical symptom-endophenotype multidimensional measures and

domains.
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Chapter 2
Diagnosis and Classification of the
Schizophrenia Spectrum Disorders

Daniel Mamah and Deanna M. Barch

Abstract The classification of schizophrenia related disorders have been evolving
with advances in psychiatric research. In 1893 Emil Kraepelin distinguished demen-
tia praecox from manic-depression, heralding the diagnosis of schizophrenia as a
separate entity, but this distinction has since been challenged by data from genetic
epidemiology. Over the past century, two major classification systems emerged: the
American Psychiatric Association’s Diagnostic and Statistical Manual of Mental
Disorders (DSM) and the World Health Organization’s International Statistical
Classification of Diseases and Related Health Problems (ICD), of which new edi-
tions are expected to be soon published. The latter criteria are typically used in
European countries, while the DSM criteria are used in the United States and the
rest of the world, as well as prevailing in research studies. As with other psychiatric
disorders, some have suggested that the diagnosis of psychotic disorders would be
better addressed as individual dimensions of psychotic experiences (e.g. hallucina-
tions and delusions) along which everyone varies, such that there is a spectrum or
continuum rather than a cut-off between disorders and normality. Some disorders
in the schizophrenia spectrum, such as schizoaffective disorder and schizotypal per-
sonality disorder have also been criticized for a relatively low interrater reliability, in
part due to the difficulty of establishing fine grained timecourse information and to
identifying subtle, sub-threshold psychotic type phenomena. This chapter discusses
past and present diagnostic classifications of schizophrenia spectrum disorders, and
research considerations for further improving our nosological system.
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Abbreviations

CCMD Chinese classification of mental disorders

CHR Clinical high-risk criteria (for Developing a Psychotic Disorder)
COMT Catechol-O-methy transferase

DSM Diagnostic and statistical manual (of Mental Disorders)
DSM-IV-TR Fourth edition (Text Revision) of the DSM

fMRI Functional magnetic resonance imaging

GAF Global assessment of functioning

ICD International classification of diseases

ICD-10-CM  Tenth edition (Clinically Modified) of the ICD

OCD Obsessive-compulsive disorder

PCA Principal components analysis

PDD Pervasive developmental disorder

RDC Research diagnostic criteria

RDoC Research domain criteria

UHR Ultra high-risk criteria (for Developing a Psychotic Disorder)
Introduction

The schizophrenia spectrum disorders are a group of psychiatric conditions, with
a distinct set of diagnostic criteria, which share similarity on clinical grounds or at
the level of disease mechanism or etiology. Typically, these disorders have clinical
features in common with schizophrenia, involving some degree of reality distor-
tion [1]. Together with schizophrenia, the diagnoses most commonly mentioned
in the spectrum are schizoaffective disorder and schizotypal personality disorder.
However, results from family and genetic studies have suggested that other condi-
tions may also be included, such as affective psychotic states [2, 3]. Schizophrenia,
while considered an identifiable diagnostic construct, is characterized by significant
heterogeneity of signs and symptoms, disease course and outcome. This gives rise
to various clinical subtypes and to variants defined by a shorter duration of illness,
and outcomes ranging from full remission to long-term disability.

Disorders in the schizophrenia spectrum are diagnosed using various standard-
ized criteria. The Diagnostic and Statistical Manual of Mental Disorders (DSM),
published by the American Psychiatric Association and in its fourth text revised
edition (DSM-IV-TR) [4], provides a common language and standardized criteria
for the classification of mental disorders, and is used in the United States and in
varying degrees around the world. The International Statistical Classification of
Diseases and Related Health Problems (ICD) is published by the World Health
Organization and is used worldwide for morbidity statistics, reimbursement systems
and automated decision support in medicine. Now in its tenth revision (ICD-10),
this text classifies “Mental and Behavioral Disorders” in its Chapter V [5]. Both the
DSM and ICD Chapter V have converged disorder codes so that the manuals are
often broadly comparable, although some differences remain. Other classification
schemes may be used more locally, for example, the Chinese Classification
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of Mental Disorders (CCMD) [6]. The CCMD includes schizophrenia, as well
as potentially related psychoses more specific to Chinese and Asian culture,
such as mental disorder due to Qigong, superstition or witchcraft, and traveling
psychosis [7].

Due to the more extensive of the DSM and ICD worldwide, compared to other
diagnostic manuals, this chapter will focus on diagnosis and classification based on
the criteria in these systems.

Historical Aspects of Classification

In the 1890s, Emil Kraepelin’s organization of psychopathology, including demen-
tia praecox and manic-depression, became the foundation for future classification
systems. Krapelin argued strongly for a categorical distinction between schizophre-
nia and psychotic bipolar disorder. The question of the boundaries of schizophrenia
became more controversial when Eugen Bleuler [8] observed that certain “funda-
mental” features of Kraepelin’s dementia praecox [9] could be found in “latent”
form. After Kety and colleagues [10] in 1968 introduced the term “schizophrenia
spectrum” to refer to all disorders that are “to some extent genetically transmit-
ted” with schizophrenia, the identification of which disorders should be under this
genetic umbrella became a focus of investigation.

The initial impetus for developing a classification of mental disorders in the
United States was the need to collect statistical information about the prevalence
of mental illness. The 1880 census distinguished among seven categories of men-
tal disorders. These consisted of monomania — paranoia involving only one idea
or type of idea — in addition to mania, melancholia, paresis, dementia, dipsoma-
nia and epilepsy. The American Psychiatric Association, in 1952, published the
Diagnostic and Statistical Manual of Mental Disorders (now referred to as DSM-
D [11], as an effort to develop a version of the ICD section on mental disorders
specifically for use in the United States [12]. DSM-I used the term “Schizophrenic
Reactions”, which was described as “a group of psychotic disorders characterized
by fundamental disturbances in reality relationships and concept formations, with
affective, behavioral, and intellectual disturbances in varying degrees and mixtures.
The disorders are marked by strong tendency to retreat from reality, by emotional
disharmony, unpredictable disturbances in stream of thought, regressive behavior,
and in some, a tendency to ‘deterioration’”. In DSM-II, which was first published
in 1968, the term “reactions” was no longer used, and the prototypic psychotic dis-
order was referred to as “schizophrenia” [13]. New subtypes of schizophrenia were
also added by subdividing old categories. For example, the “schizoaffective type of
schizophrenia” was further divided into excifed and depressed subtypes. Among the
personality disorders in DSM-II, paranoid and schizoid personalities were listed,
but not schizotypal personality. Both DSM-I and DSM-II reflected the predominant
psychodynamic psychiatry of the time [14], and symptoms were not specified in
detail for specific disorders. Sociological and biological knowledge was incorpo-
rated, in a model that did not emphasize a clear boundary between normality and
abnormality [15].
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Robins and Guze [16] enunciated the proximate intellectual underpinning of
DSM-III [17]. Using schizophrenia as their example, Robins and Guze argued that
reliable and valid diagnoses would follow from observation in five domains: (a) clin-
ical description, (b) laboratory studies, (c) delineation of one disorder from another,
(d) follow-up studies, and (e) family studies [16]. Their work motivated the develop-
ment of two sets of diagnostic criteria intended for the identification of homogenous
populations for research, the Feighner criteria [18] and the Research Diagnostic
Criteria (RDC) [19]. In addition to these, a number of other competing operational
diagnostic systems were proposed since the 1960s in an attempt to improve the
reliability of psychiatric diagnosis for research purposes. These included Taylor’s,
Schneider’s, Langfeldt’s, Spitzer’s, Carpenter’s, Astrachan’s, two from Forrest &
Hay, and the Present State Examination — CATEGO system [20]. While internally
reliable, the various competing diagnostic systems showed wide disparity in relia-
bility, concordance and prediction of outcome [21, 22]. For example, the systems
varied by as much as sevenfold in their rates of diagnosing schizophrenia [23].
DSM-III, published in 1980, was the first DSM to feature operationalized crite-
ria for each mental disorder, and thus marked a significant change from previous
diagnostic manuals. The criteria adopted in DSM-III for many of the mental disor-
ders were taken from the RDC and Feighner criteria. Efforts to develop operational
definitions of latent schizophrenia led to development of the criteria for DSM-III
schizotypal personality disorder. In DSM-III, cluster A, or the “odd cluster”, or
presumptively schizophrenia-related, nonpsychotic personality disorders included
schizotypal, schizoid, and paranoid personality disorders. DSM-III also included a
vast increase in the background information about each disorder, including course,
prevalence, differential diagnosis, family patterns and cultural and gender features.
A revised version DSM-III-R was published in 1987 and a new edition — DSM-
IV — in 1994. DSM-IV shifted the emphasis on which psychotic symptoms were
required for a diagnosis of schizophrenia, in that patients without either delusions
or hallucinations could receive the diagnosis. In these cases, however, other charac-
teristic psychotic symptoms were required, namely, gross disorganization of speech
and/or behavior. The diagnostic importance of Schneiderian symptoms was also
reemphasized, as hallucinations could satisfy a criterion if they involved one or
more voices engaging in running commentary or ongoing conversation and delu-
sions could count if they are bizarre [24]. The most recent manual did not involve
major criteria modifications but involved only a text revision (DSM-IV-TR) [4].

The first International Classification of Disease (ICD) effort was in 1893, and
it has been revised periodically since. The sixth revision, ICD-6, published in
1949 was the first to contain a section on mental disorders [25]. The ICD sec-
tion classifying “Mental and Behavioral Disorders” has developed alongside the
DSM, and the two manuals seek to use the same diagnostic codes. There are some
differences that exist in the diagnostic criteria of certain disorders, and the ICD
includes personality disorders on the same axis as other mental disorders, unlike
the DSM. Work on the latest major ICD revision — ICD-10 — was completed in
1992. Adoption was relatively swift in most of the world. In the United States, the
ICD-10 was adopted for reporting mortality but ICD-9-CM (clinical modification)
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was still used for morbidity. Under the current proposal, the ICD-9-CM code
sets would be replaced with ICD-10-CM code sets in the United States, effective
October 1, 2013.

Nosological Overview of the Schizophrenia Spectrum Disorders

Many studies have proposed (and in some cases rejected) schizophrenia spectrum
status for at least six psychotic disorders other than schizophrenia — schizoaf-
fective disorder [3], schizophreniform disorder [26], delusional disorder [3, 27,
28], psychotic disorder not otherwise specified [3, 24], and bipolar and depres-
sive disorders with psychotic features [26, 29, 30]. In addition, the cluster A or
the “odd cluster” of presumptively schizophrenia-related nonpsychotic personality
disorders included schizotypal [31], schizoid [32], and paranoid [3, 33] personality
disorders. However, identification of the specific nonpsychotic and psychotic dis-
orders that belong within the genetic boundary of the “schizophrenic spectrum” is
acknowledged in DSM-IV-TR to be an “unresolved problem”. The following sec-
tion discusses mental disorders which have been considered part of this spectrum,
including key diagnostic criteria in the most recent editions of the DSM and ICD
were applicable.

Schizophrenia

Schizophrenia is the prototypic disorder within the spectrum, and overwhelmingly
the one most studied clinically and in the research literature. No single symptom is
pathognomonic of schizophrenia; the diagnosis involves the recognition of a con-
stellation of signs and symptoms associated with impaired occupational or social
functioning. DSM-IV-TR [4] describes the essential features of schizophrenia to
be a mixture of two or more characteristic “Criterion A” symptoms (i.e. delusions,
hallucinations, disorganized speech, grossly disorganized or catatonic behavior, and
negative symptoms) that have been present for a significant portion of time during a
1-month period (or for shorter time if successfully treated), with some signs of the
disorder persisting for at least 6 months. Only one Criterion A symptom is required
for diagnosis if delusions are “bizarre” or Schneiderian first-rank hallucinations
[34, 35] (i.e. a voice keeping up a running commentary on the person’s behavior
or thoughts, or two or more voices conversing with each other) exist. Symptoms
are associated with marked social or occupational dysfunction, and are not due
to schizoaffective disorder, a psychotic mood disorder, substance use or a gen-
eral medical condition. DSM-IV-TR also recognizes five subtypes of schizophrenia:
(1) paranoid, (2) disorganized, (3) catatonic, (4) undifferentiated, and (5) residual,
based on the predominant symptomatology at the time of evaluation.

The ICD-10 diagnostic criteria for schizophrenia requires only a duration of more
than 1 month of symptoms, and does not require social and occupational dysfunction



50 D. Mamah and D.M. Barch

as part of the clinical picture. Its criteria put more emphasis on Schneiderian
first-rank symptoms [34], although in practice, agreement between schizophrenia
diagnosis in DSM and ICD is high [36]. Characteristic symptoms required in ICD-
10 are either: (1) one or more of symptoms that include thought echo, insertion,
withdrawal or broadcasting; delusions of control, influence of passivity or delusional
perception; hallucinatory voices giving a running commentary or discussing patient
between themselves; and persistent bizarre delusions; or (2) two or more of symp-
toms that include persistent hallucinations accompanied by delusions or overvalued
ideas, disorganized speech, catatonic behavior, or negative symptoms. Exclusionary
criteria also are present in ICD-10, similar to that in DSM-IV-TR. ICD-10 lists 8
subgroups of schizophrenia: (1) paranoid, (2) hebephrenic, (3) catatonic, (4) undif-
ferentiated, (5) residual, (6) simple, (7) other, and (8) unspecified. An additional
“subgroup” listed is post-schizophrenic depression.

Brief Psychotic Disorders

DSM-IV-TR recognizes two forms of “schizophrenia” with shorter duration, i.e.
schizophreniform disorder and brief psychotic disorder. Symptoms of schizophreni-
form disorder are identical to that of schizophrenia except for two differences:
(1) the total duration of the illness is at least 1 month but less than 6 months, and
(2) impaired social or occupational functioning during some part of the illness is not
required. It is estimated that up to two-thirds of those who receive an initial diagno-
sis will progress to a diagnosis of schizophrenia or schizoaffective disorder [4, 37,
38]. “Brief psychotic disorder” involves the sudden onset of positive, disorganized
or catatonic symptoms, which lasts at least 1 day but less than 1 month. Cases of
brief psychotic disorder are rarely seen in clinical settings in the United States and
other developed countries [39, 40].

ICD-10 lists a category of “Acute and Transient Psychotic Disorders”, which
requires that the time interval between the first appearance of any psychotic symp-
toms and the presentation of the fully developed disorder to not exceed 2 weeks.
This category includes two disorders, named: (1) acute polymorphic psychotic dis-
order without symptoms of schizophrenia, and (2) acute polymorphic psychotic
disorder with symptoms of schizophrenia. The former requires the total disorder
duration not to exceed 3 months. The latter requires that “schizophrenia symptoms”
not exceed 1 month.

Schizoaffective Disorder

The diagnosis of schizoaffective disorder lives in the borderland between
schizophrenia and mood disorder. Kasanin [41] introduced the diagnosis to cap-
ture a milder form of schizophrenia, associated with better outcome. However,
the current version of the DSM conceptualizes it as schizophrenia with promi-
nent mood symptoms, with no a priori distinction of disease course or outcome.
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Despite the low reliability of the diagnosis due to disagreements on estimates
of affective relative to psychotic symptoms [42], many researchers have com-
pared the genetics and neurobiology of schizophrenia and schizoaffective disorder.
Cardno et al. [43] for example, reported that the genetic liability for schizoaf-
fective disorder was entirely shared with schizophrenia and affective disorders.
Reviews of the neurobiological literature literature [44—47] have nevertheless ques-
tioned the validity of the schizoaffective disorder diagnosis, but continued to
recommend a diagnostic separation along the continuum from psychosis to mood
disorder.

According to DSM-IV-TR, the fundamental clinical presentation in schizoaffec-
tive disorder is an uninterrupted period of illness during which at some point there is
a major mood episode (i.e. depressive, manic, or mixed) concurrent with symptoms
that meet Criterion A symptoms of schizophrenia (i.e. delusions, hallucinations, dis-
organized speech, grossly disorganized/catatonic behavior, and negative symptoms).
In addition, there must have been delusions or hallucinations for at least 2 weeks in
the absence of prominent mood symptoms (Criterion B). Criterion C requires that
symptoms meet criteria for a mood episode for a substantial portion of the total
duration of the active and residual periods of the illness.

ICD-10 requires that symptoms meet criteria for a mood disorder to a moderate
or severe degree, as well as at least one schizophrenia-symptom for at least 2 weeks.
It also requires that these two general criteria be met within the same episode of the
disorder, and concurrently for at least some time of the episode. Thus, unlike DSM,
ICD-10 does not require a period of psychotic symptoms in the absence of mood
symptoms.

Personality Disorders

Personality disorders are categorized separately from other mental disorders as they
are thought to involve patterns of symptoms that are inflexible and pervasive across a
broad range of personal and social situations, as compared to the putatively episodic
nature of many other disorders. Considered integral to an individual’s personality,
the characteristic patterns of symptoms are generally stable, and their onset can be
traced back at least to adolescence or early adulthood. In the current DSM diagnostic
system, by convention personality disorders are coded separately, on Axis II in its
multiaxial system, which does not exist in ICD.

DSM-IV-TR includes three personality disorders with features that resemble
schizophrenia: schizotypal, schizoid and paranoid personality disorder. These per-
sonality disorders are classified as Cluster A Personality Disorders, characterized by
“odd” or “eccentric” behaviors. Avoidant personality disorder has been proposed as
an addition to this group [48, 49], although studies generally show that this disorder
closely linked to other schizophrenia spectrum disorders [2, 50]. ICD-10 cate-
gorizes schizoid personality disorder and paranoid personality disorder under the
section: “Personality Disorders”, but schizotypal disorder under: “Schizophrenia,
Schizotypal and Delusional Disorders”.
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Schizotypal

The vast majority of genetic, epidemiologic or neurobiological studies of
schizophrenia spectrum disorders involve schizotypal personality disorder [51, 52].
This may partly be due to the fact that schizotypal personality disorder is more
closely related to schizophrenia than other personality disorders. Tienari et al. [2]
for example, reported that in adoptees of biological mothers with schizophrenia
spectrum disorders, among cluster A personality disorders, schizotypal personality
disorder clearly stood out as more prevalent compared to those adoptees at genetic
low risk.

Schizotypal personality disorder involves cognitive or perceptual distortions,
eccentricities of behavior, and acute discomfort in close relationships [4]. For a
diagnosis, DSM-IV-TR requires at least five symptoms from among: (1) ideas of
reference, (2) odd beliefs or magical thinking, (3) unusual perceptual experiences,
(4) odd thinking and speech, (5) suspiciousness or paranoid ideation, (6) inappropri-
ate or constricted affect, (7) odd or eccentric behavior, (8) lack of close friends, and
(9) excessive social anxiety. The ICD-10 lists this disorder as “schizotypal disorder”
and as a mental disorder associated with schizophrenia, rather than a personality dis-
order as in DSM. For diagnosis in ICD, schizotypal disorder requires at least four
of nine symptoms, which are similar to that in DSM. One notable difference, an
optional symptom in ICD, is “occasional transient quasi-psychotic episodes with
illusions, auditory or other hallucinations and delusion-like ideas, usually occur-
ring without external provocation”, which is not present in the DSM criteria for
schizotypal personality disorder.

Schizoid

Schizoid personality disorder appears to be intermediate between schizotypal and
paranoid personality disorders with regards to its genetic relationship to schizophre-
nia [2, 48]. Its characteristic symptoms are a pattern of detachment from social
relationships and a restricted range of emotional expression. DSM-IV-TR requires
at least four symptoms among: (1) no desire or enjoyment of close relationships,
(2) usual choice of solitary activities, (3) little interest in sexual experience with
others, (4) little pleasure derived from activities, (5) lack of close friends, (6) indif-
ference to others’ praises/criticisms, and (7) emotional coldness, detachment or
flattened affect. ICD-10 also lists this diagnosis among the personality disorders,
and the diagnostic criteria are largely identical to that in DSM.

Paranoid

Compared to schizotypal personality disorder, there is substantial but less consis-
tent evidence for a familial relationship between paranoid personality disorder and
schizophrenia [2, 48, 53]. Tienari et al. [2] reported that in adoptees of biological
mothers with schizophrenia spectrum disorders, among cluster A personality dis-
orders, paranoid personality disorder was the least closely linked to the rest of the
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putative schizophrenia spectrum. Comorbidity with, and a higher familial relation-
ship with affective disorders [52, 54] and delusional disorder [55, 56] have been
reported for paranoid personality disorder.

Paranoid personality disorder is a pattern of distrust and suspiciousness such
that others’ motives are interpreted as malevolent. For a diagnosis in DSM-IV-TR,
there must be four or more of the following symptoms: (1) suspiciousness that oth-
ers are exploiting/harming/deceiving, (2) preoccupation with doubts about others’
trustworthiness, (3) reluctance to confide in others, (4) reading hidden meaning into
benign remarks/events, (5) persistent grudges, (6) perceiving attacks on character or
reputation, and (7) recurrent suspicions regarding fidelity of partner. The diagnostic
criteria in ICD-10 are largely identical to DSM.

Other Disorders

The following disorders have sometimes been included as part of the schizophrenia
spectrum, although less commonly mentioned as such compared with schizophre-
nia, schizoaffective disorder or schizotypal personality disorder.

Bipolar Disorder with Psychotic Features

The status of the affective psychoses in relation to the schizophrenia spectrum is
controversial, although they are usually excluded from the schizophrenia spectrum
[57]. Family co-aggregation of bipolar disorder with schizophrenia has been noted
by some [58-61], but not all authors [2]. Several risk genes, originally identified in
schizophrenia cohorts, have also been linked to an increased risk for bipolar disorder
[60—65]. However Segurado et al. [66] did not find overlap in the highest-ranking
genes for each disorder. There also do not appear to be significant similarities in
brain abnormalities in bipolar disorder and schizophrenia. A recent meta-analysis of
structural imaging studies in bipolar disorder concluded that brain volume changes
are less significant and less localized when compared to studies of subjects with
schizophrenia [67]. There has also been some debate about whether bipolar disorder
with a history of psychotic symptoms may represent a different pathophysiologi-
cal subtype compared to those without psychotic symptoms, as the former is more
closely linked to schizophrenia clinically [68—71] and genetically [69, 72-74].

The essential feature of Bipolar Disorder is a clinical course that is charac-
terized by the occurrence of one or more manic, mixed, or hypomanic episodes.
In the DSM nomenclature, Bipolar I Disorder requires a history of one or more
manic episodes or mixed episodes. Depressive episodes, while common in bipolar
I disorder, is not required for diagnosis. Bipolar II Disorder consists of hypo-
manic episodes as well as a least one major depressive episode. The ICD system
uses a more general germ, “Bipolar Affective Disorder”, and specifies the current
episode as manic, hypomanic, mixed or depressed. At least 50% of individuals
with bipolar disorder are estimated to have experienced psychosis in their lifetime
[68, 75].
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Major Depressive Disorder with Psychotic Features

Research generally suggests that there is relatively little genetic relationship
between schizophrenia and major depressive disorder, with or without psychotic fea-
tures [2, 76, 77]. Tienari et al. [2] reported that among several putative schizophrenia
spectrum disorders studied in adoptees, major depression with psychotic features
was the least closely related to schizophrenia spectrum diagnoses in biologi-
cal mothers. A significant genetic relationship between schizophrenia and major
depression has however been reported [78].

To be diagnosed with major depressive disorder in DSM-IV-TR, there must be
a history of a major depressive episode comprised of five (or more) characteristic
symptoms including low mood or anhedonia, during a 2-week period. The counter-
parts of major depressive disorder in the ICD-10 are termed “Depressive Episode”
or “Recurrent Depressive Disorder” depending on if there is a history of one or
more depressive episodes. Psychosis in major depressive disorder can occur with all
depression severities, and be both mood-congruent and mood-incongruent [79].

Delusional Disorder

Delusional disorder is characterized by significant non-bizarre delusions, as the
major symptom. Thus, symptoms of auditory or visual hallucinations, disorga-
nized behaviors or speech, or negative symptoms (as may additionally occur
in schizophrenia), are not present. Nevertheless, clinical similarities between
schizophrenia and delusional disorder have led some to argue for potentially
common etiology and inclusion into a common spectrum [80] Individuals with delu-
sional disorder do not appear to have an increased familial risk of schizophrenia
spectrum disorders or vice versa [27, 81, 82]. The diagnostic stability over time of
delusional disorder is also not as strong as for the major psychotic disorders, with
diagnosis shifting in a substantial number of patients to a schizophrenia spectrum
disorder [83, 84].

Obsessive Compulsive Disorder

It has been suggested that obsessive-compulsive disorder (OCD) might overlap phe-
nomenologically with schizophrenia [85]. Obsessive-compuslive symptoms have
been widely observed in schizophrenia [§6—88], and psychotic symptoms may occur
during the course of OCD [89, 90]. These disorders have also been noted to share
similar cognitive characteristics [91]. Particularly in OCD patients with poor insight,
there appears to be a higher genetic risk for schizophrenia as well as a higher comor-
bidity with schizotpal personality disorder [92]. In both DSM-IV-TR and ICD-10,
obsessive-compulsive disorder is listed among the Anxiety Disorders.

Pervasive Developmental Disorders

Pervasive developmental disorders (PDD) involve Autistic Disorder, Asperger’s
Disorder, and other related disorders characterized by severe and pervasive
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impairment in social interaction skills, communications skills, or the presence of
stereotyped behavior, interests, and activities. Due to disorganized or odd behaviors
and speech, adults with pervasive developmental disorders are sometimes diag-
nosed with schizophrenia [93]. There is also a significant symptomatic overlap
between schizotypal and schizoid personality disorders and Asperger’s Dsiorder
[94]. Similarities in genetic abnormality in pervasive developmental disorders and
schizophrenia [95, 96] as well as familial diagnostic overlap [97], may be present
indicating potentially shared biological pathways. Significant comorbidity between
pervasive developmental disorders and schizophrenia or other psychoses have also
been reported [98—100].

Psychosis-Risk Syndromes

A clinical or sub-clinical risk syndrome for psychosis has been considered part of
the schizophrenia spectrum [101], and often precedes the onset of a full-blown psy-
chotic disorder. While no official diagnosis exists currently, an at-risk syndrome
is being reviewed for inclusion in the next revision of the American Psychiatric
Association’s diagnostic manual, DSM-5 [102, 103]. The proposed criteria are
derived from the prodromal or Clinical High Risk criteria (CHR) [104] and the
Ultra High Risk criteria (UHR), and consist of subthreshold or attenuated pos-
itive psychotic symptoms with operationalized recency and frequency criteria.
The rationale behind the proposed inclusion is that some studies indicate that
these criteria can predict the conversion to a psychotic disorder with a 20-50%
probability within up to two and a half years [105-109], which can guide pre-
ventative treatment strategies. As non-conversions to psychotic disorder generally
outnumber conversions, the validity of the psychosis-risk syndrome is still unclear
[103, 110].

Currently, diagnostic criteria on psychosis-risk has been mainly used in the eval-
vation of individuals for research, with symptom severity measured using research
diagnostic instruments, such as the Scale of Psychosis-Risk Symptoms [111-113] or
the Comprehensive Assessment of At-Risk Mental States [114]. The CHR criteria,
differentiate at-risk patients with moderate to severe attenuated positive symptoms,
referred to as CHR+, from at-risk patients that exhibit only nonspecific, attenu-
ated negative symptoms, such as social isolation and deterioration of functioning,
referred to as CHR- [104, 115, 116]. The CHR- would often precede the CHR+ state
before the eventual onset of psychotic disorder [104]. A past or present episode of
positive psychotic symptom would exclude a diagnosis of CHR.

Other groups define the psychosis-risk syndrome using the Ultra-High Risk
(UHR) criteria [111, 113, 117]. The UHR state can present in one (or more) of three
clinical forms: (1) brief intermittent psychotic syndrome, (2) attenuated positive
symptom syndrome, and (3) genetic risk and deterioration syndrome. Patients with
brief intermittent psychotic syndrome have experienced positive psychotic symp-
toms only infrequently (unlike in schizophrenia), but at least once a month. The
attenuated positive symptom syndrome mirrors the CHR+ criteria in requiring only
a reduced intensity of positive symptoms. Symptoms must occur at that intensity on
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average at least weekly. The genetic risk and deterioration syndrome is defined by a
combined genetic risk for schizophrenia (or other psychotic disorder) and functional
deterioration. The genetic risk criterion can be met if the patient has a first-degree
relative with any psychotic disorder and/or the patient meets criteria for schizoty-
pal personality disorder. In addition, there must be overall functional deterioration
defined as a 30% or greater drop in Global Assessment of Functioning (GAF) score
during the last month, compared to 12 months ago [111, 112].

The presence of basic symptoms has also been studied as potentially comple-
mentary to the UHR criteria, and have been suggested by some authors as a set of
criteria that would allow for an earlier detection of psychosis-risk [118—120]. Basic
symptoms may involve a range of subjective cognitive and perceptual disturbances
[118, 121], and are commonly assessed using the Bonn Scale for the Assessment of
Basic Symptoms [118].

Critiques of Current Nosology

The next major psychiatric manual revision will be the DSM-5, expected to be pub-
lished in May 2013. For this reason, and since the DSM generally guides psychiatric
research worldwide [122], critiques will mainly focus on those relevant to the DSM
classification system.

Differences Across Psychiatric Manuals

As discussed previously, the use of psychiatric diagnostic manuals are not uni-
form throughout the world. The two most commonly used are that proposed by
the World Health Organization, the Mental and Behavior Disorders (Chapter V)
of the ICD-10, and that published by the American Psychiatric Association, the
DSM-IV [4]. These manuals are reasonably similar in terms of basic content as
they are both largely based upon the same body of literature, however some differ-
ences exist in diagnostic criteria of individual disorders (including those included
in the schizophrenia spectrum, as previously discussed). The DSM for example,
requires 6 months of continuous illness at some point in a person’s life to make
a diagnosis of schizophrenia. There is no empirical basis for selecting 6 months
as a cutoff, but it gives a kind of precision, and a putative increase in reliabil-
ity, to the diagnosis of schizophrenia that it would lack if the definitions simply
asked that symptoms be “chronic” [123]. The ICD-10 requires only that one of the
cardinal symptoms be present for 1 month or more. Both manuals have the same
intentions, but such arbitrary differences in operationalization influence measure-
ments of prevalence across cultures and the selection of subjects for research and
treatment.

Much of the differences that exist are of considerable educational interest since
they are based upon opinions and clinical traditions, and not necessarily robust evi-
dence. The DSM has been said to have a decidedly American outlook, meaning that
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differing disorders or concepts of illness from other cultures (including personalistic
rather than naturalistic explanations) may be neglected or misrepresented, while
Western cultural phenomena may be taken as universal [124]. Culture-bound syn-
dromes are those hypothesized to be specific to certain cultures (typically taken
to mean non-Western cultures). While some of these syndromes are listed in
the appendix of DSM-1V, they are not detailed and there remain open questions
about the relationship between Western and non-Western diagnostic categories and
sociocultural factors.

Validity of Existing Diagnostic Constructs

It has become increasingly recognized that the current nosological framework
represented by the DSM-IV, originally developed to promote reliability in mak-
ing diagnoses, exhibits serious shortcomings with respect to validity [125]. These
include extensive comorbidity among diagnoses, overspecification of categories,
and the proliferation of “Not Otherwise Specified” diagnoses [126]. Diagnostic
manuals provide an operational definition of schizophrenia presenting the disor-
der as a condition qualitatively different from health and qualitatively different
from the other diagnosis. This clear criterion-based definition of mental disorders
in the current diagnostic manuals facilitates diagnostic agreement and communica-
tion among clinicians [127, 128]. It has high clinical utility, providing information
about course, outcome and likely treatment response [129, 130]. Clinical utility,
however, does not provide information about the fundamental nature and structure
of schizophrenia. If our definition of schizophrenia does not represent a “real” con-
struct in nature, then it will not delineate the true pathology and etiology underlying
psychosis.

Mounting evidence suggests that there are no discrete breaks in the distribution
of psychotic symptom. Delusions and hallucinations seem to have a continuous dis-
tribution in the general population [131-141]. Prevalence estimates of psychotic
symptoms in nonclinical samples range from 4% to 17.5 [131, 139] (with method-
ological differences likely to explain much of this variability) and results from a
longitudinal study using the British National Psychiatric Morbidity Survey data
found that 4.4% of the general population reported incident symptoms at 18-month
follow-up [141]. This skewed continuum of positive psychotic symptoms may be an
artifact caused by measurement error, but is more likely indicative of a latent con-
tinuous pathology in the general population. This is consistent with the prevailing
view that schizophrenia has a multifactorial etiology where many different genes,
which interact with each other and with environmental risk factors to cause the dis-
order, along with different combinations of risk factors resulting in a gradation of
exposure and associated range of presentations.

These findings challenge the assumption that schizophrenia exists as a discrete
disease entity (categorical latent variable). The requisite population-based studies,
using appropriate structural statistical analyses, e.g. finite mixture modeling (and
its derivatives) [142, 143] or coherent cut kinetic methods [144] have not been
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carried out, so it is conceivable that a dichotomous latent construct could under-
lie the skewed distribution of psychosis indicators [145, 146]. Although there are
significant shortcomings to the definitions that exist in diagnostic manuals, the
major disorders contained therein, such as schizophrenia, pick out highly repli-
cable features of psychopathology [123]. The evidence includes the stability of
symptom clusters and clinical course across historical time [147] and across cul-
tures [148]. In addition many of the major disorders exhibit a high degree of family
aggregation [149].

The commonly used diagnostic categories, created over a generation ago when
brain science was in its infancy, do not represent current knowledge about genetics,
neural circuits and neurotransmitters, or behavior [125]. In response to this situa-
tion, the National Institute of Mental Health (NIMH) of the United States included
in its new Strategic plan a specific aim to “develop, for research purposes, new ways
of classifying mental disorders based on dimensions of observable behavior and
neurobiological measures” [150]. This goal is being implemented with a new initia-
tive dubbed the Research Domain Criteria (RDoC) project. The intent is to create
a framework for creating research classifications that reflect functional dimensions
stemming from translational research on genes, circuits, and behavior. Examples
of such domains might include executive functioning, fear circuitry, and reward
circuitry.

Reliability

The lack of objective tests for mental disorders makes achieving excellent diagnostic
reliability, i.e. diagnostic agreement between clinicians, a difficult problem. Given
the early state of the science, psychiatric diagnostic manuals rely on phenomenol-
ogy: symptoms, signs, and course of illness as the basis for diagnosis. Interrater
reliability based on phenomenology varies greatly across diagnostic categories in
the schizophrenia spectrum, with schizophrenia reported to have good reliability
unlike schizoaffective disorder [151]. While it is conceivable that modifying current
criteria sets based on empirical evidence could further improve diagnostic reliabil-
ity, it is unclear if this would be of significant benefit. Some have argued that there
is little to be gained and much to be lost in frequently and arbitrarily changing the
system [152—154], unless a more fundamental and explanatory understanding of
causality is attained. A seemingly small change can sometimes result in a different
definition of caseness that may have a dramatic and totally unexpected impact on
the reported rates of a disorder [155]. For example, although many other factors
were certainly involved, the sudden increase in the diagnosis of autistic, attention-
deficit/hyperactivity, and bipolar disorders may in part reflect changes made in the
DSM-IV definitions [152].

Phenomenologically based diagnostic systems cannot fully solve the reliability
problem. In clinical encounters, information must be elicited from patients who may
lack insight into their symptoms as a result of their illness or who may have complex
motives ranging from shame to paranoid ideation to drug-seeking that influence
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reporting of symptoms. Moreover, it can prove quite difficult to interpret the diag-
nostic significance of some symptoms, e.g. whether a particularly highly overvalued
idea represents an obsession or a psychotic delusion. Ultimately, a more objective
system will be required in order to make additional substantial improvements in
reliability.

Distinction of Disorders Within the Psychotic Spectrum

The symptoms comprising the schizophrenia diagnosis are also found commonly
in the other categories of psychosis. In reality, psychosis is specific neither to
schizophrenia nor even to psychiatric disorders. It occurs, for example, in neuro-
logical disease (e.g. Alzheimer’s disease, Huntington’s disease, schizophrenia-like
psychosis of epilepsy, and traumatic brain injury) and can be caused by a range of
toxic substances or impaired metabolic states. Even Schneiderian first-rank symp-
toms, which have played such a prominent role in defining the nature of psychotic
symptoms in modern diagnostic systems, are not specific to schizophrenia [156].
Similarly, several factor-analytic studies showed that measures of psychosis in
schizophrenia do not differentiate psychosis from other forms of psychopathol-
ogy [157, 158]. Thus, while diagnostic manuals delineate psychotic disorders (e.g.
schizophrenia, schizoaffective disorder and delusional disorder) based on specified
criteria, the true latent structure of psychosis psychopathology remains to be clari-
fied. The factor solutions across studies have been broadly consistent, demonstrating
a S-factor solution for psychosis — manic, depression, disorganized, positive and
negative symptoms [159]. Latent class analyses have shown similar indicator pro-
files to those from exploratory factor analysis [160, 161]. However, the overlapping
co-occurrence of these symptom domains may be indicative of underlying shared
risk factors, which are quantitatively rather than qualitatively distinct and continu-
ously expressed. The ambiguous schizoaffective disorder construct, for example,
may be the result of trying to demarcate where in reality no latent discontinu-
ity exists. Several molecular genetic studies have also failed to show linkage to
schizophrenia on the basis of DSM diagnosis, finding instead stronger evidence
for linkage when the phenotype was broadened to include additional psychotic
disorders [162, 163].

Organization of the Meta-Structure of Psychotic Disorders

The DSM-IV classifies schizophrenia under the section “Psychotic Disorders”,
along with disorders such as schizoaffective disorder, schizophreniform disorder,
brief psychotic disorder and delusional disorder, which all have in common the
presence of some form of reality distortion (i.e. delusions and/or hallucinations).
There is a phenomenological similarity where schizotypal pathology can be viewed
on a continuum with psychosis. Comparing psychopathology of bipolar disor-
der and schizophrenia however may support separateness. Much of the manifest
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pathology of bipolar disorder is mood disturbance, and reality distortion is not
always present. Cognitive impairments are often noted in schizophrenia, bipolar
disorder and schizotypal personality disorder [164]. In general, the pattern of cog-
nitive deficits in bipolar disorder is similar to the cognitive profile of schizophrenia,
although impairment may be somewhat less severe and in some cases more state
dependent [165, 166].

Are-organization of the current meta-structure of psychotic disorders could
alternatively reflect familial and genetic risk factors of schizophrenia, in addition to
clinical manifestations [102]. In the current version of the ICD, schizotypal (person-
ality) disorder is listed with the psychotic disorders in a common class of disorders,
although like DSM, bipolar disorder is classified with “Mood Disorders” due to the
predominance of affective symptoms. Among the research findings with some sup-
port for a common meta-structure are family and twin studies, which have shown
that familial risks are partly shared among schizophrenia and schizotypal personal-
ity disorder, and to a lesser extent bipolar disorder [167]. These findings are further
corroborated by several large population-based studies, which showed that risk of
bipolar disorder is associated with a history of schizophrenia or schizoaffective
disorder in parents and siblings [168, 169]. Meta-analyses have generally suggested
there are shared candidate genes and chromosomal locations in schizophrenia
and bipolar disorder [170-173], although these conclusions have been questioned
[174]. Other authors failed to find overlap in the highest-ranking genes for each
disorder [173].

Findings from the neuroimaging and neurophysiology literature appear to indi-
cate only weak similarities among the disorders considered for inclusion among the
psychotic disorders. Meta-analyses document a 3-4% whole brain volume reduction
in schizophrenic probands compared to controls [175-177], that is not consistent
with the pattern of loss in Bipolar Disorder [178] or schizotypal personality disorder
[179] where brain volume reductions are not commonly seen. In both schizophrenia
and bipolar disorder, volume reductions are most consistently reported in cortical
gray matter, particularly in frontotemporal regions. Temporal, but not frontal, corti-
cal volume decreases is often found in schizotypal patients [179]. The volumes of
deeper lying gray matter regions are generally different in schizophrenia and bipo-
lar disorder. For instance, little (increased amygdala size) or no abnormalities are
usually found in bipolar patients, while decreased volumes (e.g. hippocampus, tha-
lamus or basal ganglia) are often noted in schizophrenia patients [180, 181]. While
the size of the medial temporal lobe structures (such as hippocampus) are not gen-
erally found to be decreased in schizotypal personality disorder, that of other gray
matter structures have been variably reported [179]. There have been several reports
of reduced white matter integrity in schizophrenia in a variety of regions [182],
but there are fewer reports regarding bipolar disorder or schizotypal personality
disorder, which are inconsistent [183, 184].

In functional magnetic resonance imaging (fMRI) of schizophrenia and bipo-
lar disorder patients, both similarities [185, 186] and differences [185, 187, 188]
in brain activation have been reported depending on task requirement. Very
few functional imaging studies have been done in individuals with schizotypal
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personality disorder, however abnormalities have been reported when compared to
controls [189, 190]. Both differences [191, 192] and similarities [192] to abnormal
brain region activity in schizophrenia has been reported in schizotypal individuals.

Bipolar disorder and schizophrenia also show similarities in saccadic eye move-
ment abnormalities [193], reduced prepulse inhibition [194—-196], and reduced P300
amplitude and increased latency [197]. Schizophrenia and bipolar disorder probands
with a lifetime history of psychosis also show muted inhibition as measured by P50
responses to a paired click paradigm [195]. Saccadic eye movement abnormalities in
individuals with schizotypal personality disorder appear to be more similar to that of
controls than patients with schizophrenia [197, 198]. Reduced sensorimotor gating
measured by prepulse inhibition and P50 responses have been found in schizoty-
pal personality disorder [199]. Compared to controls, both significant [200] and
trend level [201] P300 amplitude decreases have also been reported in schizotypal
personality disorder.

In summary, there is significant familial and genetic overlap between schizophre-
nia and schizotypal disorder, and to a lesser degree bipolar disorder, which provides
some support for classifying these disorders under a common meta-structure. Both
similarities and differences between schizophrenia and the other two disorders exist
phenomenologically and in neuroimaging and neurophysiological findings.

Refining Schizophrenia Subtypes

In the current version of the DSM, schizophrenia subtypes are based on the pre-
dominant symptomatology at the time of the evaluation of the patient’s experiences.
There are five subtypes listed in the manual: paranoid, disorganized, catatonic,
undifferentiated and residual types. DSM-IV however acknowledges that there is
limited value of these schizophrenia subtypes in clinical and research settings (e.g.
prediction of course, treatment response, correlates of illness). Alternative subtyping
schemes are being investigated, including those derived from dimensional descrip-
tors of schizophrenia psychopathology (e.g., psychotic, disorganized and negative)
[4, 202]. The clinical heterogeneity of DSM-IV schizophrenia could be reduced
by refinement of the current definition, narrowing the concept to describe more
homogenous symptoms clusters or subgroups [203, 204]. One putative categori-
cal subtype is the “deficit syndrome”, characterized by enduring primary negative
symptoms [205]. Association studies support the clinical usefulness of this sub-
group [206-212] but give little information on construct validity. A latent level
discontinuity in negative symptoms within (chronic) schizophrenia has been sug-
gested, with an estimated base rate of (28-36%) [213]. Further support for a possible
discrete negative subcategory of schizophrenia comes from a study, which used
principal components analysis (PCA) to identify dimensions of psychopathology
and found the negative factor scores were bimodally distributed in people with
a diagnosis of schizophrenia [130]. If the PCA factor does represent a latent
dimensional construct then this suggests a quantitative discontinuity in the negative
dimension.
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Dimensional Representations

The limitations of a purely categorical approach to diagnostic classification are
widely documented [214]. A major problem with the categorical approach is that for
many disorders in the DSM-1V, there is no evidence for discontinuities in symptom
profiles (zones of rarity) and often evidence for the opposite. A diagnostic reliability
study of DSM-IV disorders [215] found that for many categories, diagnostic dis-
agreements less often involved boundary issues with other formal disorders but were
primarily due to problems in defining and applying a categorical threshold on the
number, severity and duration of symptoms. In addition to introducing measurement
error, imposing categories on dimensional phenomena leads to a substantial loss of
potentially valuable clinical information. The DSM does not provide adequate cov-
erage for clinically significant symptom presentations that fail to meet criteria for
formal diagnostic categories [216], and does not provide a sufficient mechanism
to record the severity of disorders. Analyses comparing dimensional representa-
tions with the traditional categorical diagnostic constructs show the dimensions to
be more useful at predicting clinical course and treatment needs, though the differ-
ent in the discriminative power may be rather small [217, 218]. Thus, dimensions
seem to add to the information contained within the diagnostic systems, providing
assessments that are more detailed and likely to be important particularly in clinical
research.

Usually 4 or 5 different factors or dimensions in schizophrenia have been
extracted (depressive, manic, positive, negative, and/or disorganization symptoms),
which have been consistent between studies of different patient cohorts [219-223].
These symptom dimensions have been shown to explain more about disease charac-
teristics (e.g. premorbid impairment, the existence of stressors before disease onset,
poor remissions or no recovery between episodes and exacerbations, response to
neuroleptics, and deterioration) than diagnoses, which add substantial information
to diagnostic categories [130].

The current positioning of the clinical significance criterion in many disorder
definitions of the DSM-1IV illogically confounds a severity measure with a symptom
list [224]. Empirically grounded, graded diagnostic thresholds, as exist for hyperten-
sion, would require a separation of symptoms and signs from severity measures even
for categorical disorders. It nevertheless does not appear ideal to propose a purely
dimensional DSM. Indeed, clinical utility is a compelling argument for retaining
categorical distinctions in nosology. The question is how and at what level should
dimensional elements be incorporated in the DSM. The least drastic option would be
to introduce dimensional severity ratings to the existent diagnostic categories and/or
the constituent symptom criteria. This alternative would also be the most practical
because the categorical system would remain intact and the dimensional rating
system could be regarded as optional in settings where its implementation is less
feasible (e.g. primary care). Because dimensional ratings would simply be added
to the current diagnostic categories, this approach would have several other advan-
tages, including (a) its basis on preexisting and widely studied set of constructs,
and (b) the ability to retain functional analytic and temporal (duration) aspects of
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diagnosis that are difficult to capture in a purely psychometric approach. Moreover,
adding severity ratings to existing categories would provide a standardized assess-
ment system that fosters across-site comparability in the study of dimensional
models of psychopathology.

However, simply adding a dimensional approach to existing categories would
not resolve many of the key problems in current classification, such as poor reli-
ability and high comorbidity. For instance, “difference in patient report” is a very
common source of diagnostic unreliability [212] that would be equally germane
to dimensional clinical assessment. The fact that quantitative rating systems already
present in the DSM (Axis V Global Assessment of Functioning [GAF] ratings) have
been found to be rather unreliable may not bode well for an expanded dimensional
classification system [225, 226].

A dimensional view of schizophrenia is more consistent (compared with a
categorical one) with polygenic models of inheritance, which account the best
for familial transmission of schizophrenia. People with increased risk genes and
environmental risk factors are at high risk for schizophrenia, whereas those with
moderate risk factors may have related conditions such as schizotypal personality
disorder, negative symptoms, neuropsychological impairment, or other neurobio-
logical manifestations of the predisposition to schizophrenia [227]. As has been
the case for new diagnostic categories, the introduction of broader trait con-
structs in the DSM would result in a proliferation of empirical inquiry in this
domain (e.g. development of interventions directly targeting these higher order
features).

The development, where appropriate, of quantitative scales, that are both sci-
entifically justified and clinically useful for the diagnosis and treatment of mental
disorders will be a challenging process, proceeding over years. Undoubtedly, this
process will begin with clinical ascertainable scales, but will eventually involve cog-
nitive measures and, in the more distant future, perhaps structural or functional brain
imaging and other technologically based measures [123]. A criticism of introducing
dimensional measures has been that busy clinicians do not have the time, training,
or inclination use dimensional ratings [152]. Indeed, the dimensional components
already built into the DSM system (i.e. severity ratings of mild, moderate and severe
or every disorder, and the Axis V Global Assessment of Functioning scale) are very
often ignored. Including an adhoc, untested, and complex dimensional system in
an official nomenclature is premature and will likely lead to similar neglect and
confusion [228].

Use of More Proximal Indicators of Disorders

The current definitions of schizophrenia and related conditions depend heavily
on symptoms and signs that are probably somewhat distal to the underlying
pathoetiology. Integration of defining characteristics, more proximal to the
pathological process underlying schizophrenia may occur at some point in the
future, although it is unlikely to occur in the next edition of the DSM. Potentially



64 D. Mamah and D.M. Barch

informative, alternative indicators of psychopathology are the development of stan-
dardized and validated functional clinical tests for psychological dysfunction [229].

Mounting evidence suggests that psychosis may be the “fever” of severe mental
illness, and is a nonspecific indicator [230]. Psychosis appears to be an end-state
condition that, in comparison with other indicators, is a relatively distant conse-
quence of schizophrenia’s causes and pathophysiology. These conclusions provide
support for an alternative conceptualization of schizophrenic illness, one based on
the notion of schizotaxia [230]. Meehl [231] introduced the term “schizotaxia” to
describe the unexpressed genetic predisposition to schizophrenia, and suggested that
individuals with schizotaxia develop either schizotypy or schizophrenia, depend-
ing on the protection or liability afforded by environmental circumstances. Faraone
and colleagues [232] proposed the use of the term schizotaxia to indicate the
premorbid, neurobiological substrate of schizophrenia. If this conceptualization is
correct, it may be a more specific expression of this predisposition to schizophrenia
than is the DSM-IV diagnosis of schizophrenia. Unlike schizophrenia, schizotaxia
is not masked by the florid clinical symptoms and possible neurotoxic conse-
quences of psychosis that are seen in so many other conditions. The criteria would
presumably reflect the biological and clinical alterations that occur before the
advent of psychosis. If these new criteria were used, the diagnosis of schizophre-
nia could comprise two categories: schizotaxia and schizotaxia with psychosis
(schizophrenia) [230]. Tsuang and colleagues [233] operationalized schizotaxia
criteria based on the combination of negative symptom and neuropsychological
deficits, which are two of the most robust findings in first-degree relatives of
patients with schizophrenia. Even if the syndrome is validated, much work will
be needed to establish adequate levels of sensitivity and specificity. Further, there
will be questions about the degree to which one should diagnosis schizotaxia
in the potential absence of symptoms that cause personal distress or functional
disability.

Etiology Related Classification

Current diagnostic criteria are based on a categorical approach where diagnostic
entities share common phenomenological features. Implicitly, each of these cate-
gories is probably produced by one or different specific etiological factors [234].
Based on the complex nature of psychiatric disorders and the current knowledge
about disorder etiology, however, it will likely be many years or decades before
diagnostic criteria will incorporate biological measures reflecting disorder etiology,
such as risk genes or markers [235]. There is nevertheless evidence that one or sev-
eral of the same genes impact on the risk for developing different disorders, and it
may be possible in the future to subtype based on the presence of specific genetic or
biological findings. In addition, different trials show that only the combination of a
genetic subtype with specific events at a certain point of time during development
of an individual creates a risk factor for developing a disorder. Patients with a diag-
nosis may present with different genetic/environmental combinations. When such
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combinations are scientifically well established and are relevant for treatment or
prevention strategies it would be important to also consider such gene/environment
interactions as a potential subtype scheme within the frame of a broader diagno-
sis (e.g., individuals with some premorbid features of schizophrenia, the COMT
subtype and an important consumption of cannabis) [234].

Cognition in Psychotic Disorders

It is estimated that at least 85% of patients with schizophrenia suffer from a cogni-
tive deficit [236, 237]. These deficits (executive function, working memory, verbal
memory, attention) are a better predictor of social functioning than even positive
symptoms [238-240], and may be more likely to be associated with biological
findings and therapeutic interventions [241]. Cognition may also be more reli-
ably determined than psychotic symptoms, the absence of which can be easily
feigned. The DSM-IV makes no mention of the cognitive symptoms of schizophre-
nia because the criteria were based on older conceptions that focused largely on
positive symptoms and noncognitive treatments.

The question of how to incorporate conceptions of cognitive impairment into
existing diagnostic criteria for schizophrenia and/or other psychotic disorders raises
a challenging set of issues. Including cognitive dysfunction as one of the “crite-
rion A” symptoms for schizophrenia in the DSM-5 would be problematic from
a differential diagnostic viewpoint” [242]. A critical question in this regard is
whether cognitive impairment as currently determined will facilitate the specificity
and/or positive predictive power in identifying those individuals with schizophrenia.
Current cognitive methods are unlikely to create a sufficient “point of rarity” with
other disorders that would be the sole justification for the inclusion of a cognitive
criterion in the diagnosis of schizophrenia [243, 244]. Recent meta-analyses and
reviews have demonstrated that the profile of cognitive impairment is similar across
schizophrenia, schizoaffective disorder, psychotic bipolar disorder, and even psy-
chotic major depression, though the level of impairment is greater in schizophrenia
[245-247].

If included in diagnosis, it is unclear how many different domains of cognition
would need to be assessed in order to generate sufficient information about cognitive
function in patients. Assessment of multiple domains of cognition (e.g. working
memory, episodic memory, processing speed etc) may be impractical for diagnosis,
or require specialize training to carry out. One important consideration is whether
there may be measures available for use in schizophrenia that, by themselves, can
account for a large amount of the variation captured by full neuropsychological
assessment. Dickinson and colleagues [248] have shown that impairments on digit
symbol-type tasks have the largest effect sizes among many different measures for
characterizing cognitive impairment in schizophrenia, as they appear to tap into
many different cognitive abilities simultaneously (e.g. working memory, episodic
memory, attention, processing speed, etc). Thus, assessment with such measures
may provide a useful tool for estimating cognitive dysfunction in psychosis in a
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practical and efficient manner when the resources for more extensive evaluations
are not available.

Characterizing the longitudinal course of cognitive function may have more
utility as a diagnostic tool than cross-sectional assessments of psychopathology.
Cognitive dysfunction in individuals with schizophrenia has been demonstrated to
be more stable and less dependent on symptom severity than cognitive dysfunction
in individuals with other psychotic disorders [247]. Furthermore, in many individ-
uals who develop schizophrenia, cognitive impairments occur very early in life and
often precede the onset of any clear clinical indicators of psychosis [249, 250]. The
question of whether longitudinal assessments of cognitive function have more pre-
dictive utility awaits further research that prospectively compares the stability of
cognitive function across psychotic disorders at different stages of illness [251].

Characterizing the Risk Syndrome for Psychosis

Over the years, various groups have argued that minor psychotic symptoms occur
in the general population [139, 141, 233] and that psychosis is best conceived as
a dimension like hypertension or hypercholesterolemia rather than a distinct cat-
egory [128]. There is ample evidence that psychosis is “brewing” long before its
manifestation as a diagnosable illness [137] and that identifiable signs and symp-
toms preceding the development of frank psychotic symptoms are evident [252,
253]. DSM-III identified 9 symptoms considered to be “prodromal” for schizophre-
nia and included them as diagnostic contributors, however these symptoms are not
specific to schizophrenia and do not have high positive predictive values for the
disorder [253]. In one study, Yung and colleagues [254] reported that for those ultra-
high risk individuals who subsequently developed psychosis, diagnoses ranged from
schizophrenia, through schizoaffective disorder, brief psychotic disorder, bipolar
disorder to major depression.

When biological, psychological and clinical features indicate the existence of
an important risk for developing a disorder, a corresponding nosological entity can
be beneficial as it can foster more effective earlier interventions and improve out-
come [255-257]. Prevention and/or postponing the onset of some disorders such as
schizophrenia have been studied as relevant strategies with pharmaceutical and cog-
nitive treatments [258-260]. In research models of psychosis risk syndromes [107],
attenuated symptoms of schizophrenia are present which, in some cases, may lead
to later florid onset of psychosis. This belief has some validity, which is currently
being further tested, but there are negative consequences of such a diagnosis for
those concerned, particularly issues of stigma [152-154, 260]. Potential therapeutic
interventions in an individual with a “disorder” who may never experience full-
blown disorder may expose these individuals to long-term health risks that have not
been fully tested. Diagnosis of psychosis risk syndrome in an individual has been
likened to telling ten people with the common cold that they are “at risk for pneu-
monia syndrome” when only one is likely to get the disorder [261]. As well as the
distress that may be experienced by the diagnosed individuals and their families, the
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logic entailed by a psychosis-risk syndrome might also divert attention away from
understanding causes of schizophrenia. Rather than including as official disorders,
these subthreshold conditions have been proposed to be included in an appendix of
suggested disorders that require more research and testing.

Culture and Ethnicity

Much of the research on psychotic conditions from developing countries — where the
vast majority of individuals with psychotic conditions live — is unknown or tend to
be dismissed as methodologically flawed by nosologists from developed countries
[262]. The substantial differences in the onset, course, and treatment response of
psychotic symptoms between developed and less developed countries identified in
the international pilot study on schizophrenia [263] have had little effect on the
dominant theories of psychosis, which have all been developed in Western countries
and based on data from developed countries. Furthermore, studies that identify acute
remitting psychosis [264] in developing countries have been largely disregarded by
western nosologists. Little attention has been paid to the fact that experience and
understanding of psychotic symptoms are embedded in a network of local meanings
that vary from nation to nation, within different subcultural groups in a single nation,
and over time (as communities undergo sociocultural changes). Culture influences
an individual’s perception of the world, the content of their thoughts, and therefore
the form and quality of psychotic symptoms.

Difficulties in diagnosing mental illness among ethnic minority groups high-
light the need for a universal classification system that can be effectively applied.
However, the difference in rates of psychotic illness between countries and among
different ethnic groups within a country also suggest that viewing culture and ethnic-
ity as confounding variables in the conceptualization of mental illness is misguided.
Rather, culture and ethnicity ought to be seen as fundamental elements driving its
expression and interpretation.

Whether diagnoses are based on symptom dimensions or diagnostic categories,
the instruments for rating symptoms have typically been developed by selecting a
subset of useful items from a large preliminary pool of items based on the results
of a series of studies involving subjects in Western countries. If the entire pro-
cess was repeated in a non-Western country, it would almost inevitably result in
a very different instrument with different items and a different factor structure
[261]. Commonly used structured diagnostic instruments also often do not allow
the interviewer to revise the question based on the educational and cultural back-
ground of the respondent. In China for example, the huge sociocultural differences
between urban and rural residents make it necessary to employ multiple probes to
capture the different methods of experiencing and describing specific psychological
symptoms [265]. Thus if our system of classifying psychosis is to be relevant to
patients in the developing world, then instruments aimed at either making diagnoses
or rating symptoms have to be subject to much more sophisticated field studies in
non-Western countries.
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Future Directions

Current versions of the DSM and ICD have facilitated reliable clinical diagnosis
and research, however diagnostic categories based on clinical consensus fail to
align with findings emerging from clinical neuroscience and genetics [266, 267].
The boundaries of categories have not been predictive of treatment response, and
may not capture fundamental underlying mechanisms of dysfunction. Given the
extraordinary challenges that lie ahead to gain understanding of the etiologies and
pathologic processes underlying mental disorders, phenomenology will continue to
play the dominant role in the next DSM and ICD [123].

Publication of the fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders, DSM-5, will be in May, 2013, during the American Psychiatric
Association’s annual meeting. ICD-11, is expected to be published in 2014. There
have been significant efforts to improve the diagnostic consistency across the two
diagnostic manuals. Recommendations for the new manual will continue to be
guided by research evidence, with an effort to maintain continuity with the previous
revision. DSM-5 is planned to be a living document, which would allow for more
frequent revisions, to advance with research developments, as opposed to the tradi-
tionally long period between major DSM revisions. In early 2010, the DSM-5 Task
Force released the proposed criteria for DSM-5 for public review, some of which are
listed below. These suggested changes are considered preliminary, and will likely be
further influenced by ongoing research including the DSMS5 field trials.

Schizophrenia

Since the publication of DSM-IV, additional data about the relationship between
different symptoms of schizophrenia have been generated and dimensions of
schizophrenia psychopathology have been further clarified. In view of the minimal
utility and diagnostic stability of schizophrenia subtypes (i.e. paranoid, disorga-
nized, catatonic, undifferentiated, and residual), it was recommended that subtypes
be eliminated and instead dimensional measures be utilized. Dimensions would
be assessed on a 0—4 scale cross-sectionally, with severity assessment based
on the past month. Proposed dimensional measures recommended for psychotic
disorders include psychopathologic domains of hallucinations, delusions, disorgani-
zation, abnormal psychomotor behavior, restricted emotional expression, avolition,
impaired cognition, depression, and mania.

Minor revisions to criterion A of schizophrenia were recommended, some of
which are stated here. First, there would be a requirement that at least one of
the characteristic symptoms be delusions, hallucinations, or disorganized speech,
which are the most pathognomic symptoms of schizophrenia. Second, the require-
ment that only 1 characteristic symptom need be present to meet criteria if
that is a bizarre delusion or a Schneiderian first-rank symptom hallucination
would be dropped. This was recommended as no unique diagnostic specificity for
these characteristic symptoms in comparison to others has been identified. Third,
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disorganized behavior would be removed from the symptom option “grossly disor-
ganized and catatonic behavior”, leaving only catatonic symptoms. The rationale for
this was that disorganized behavior and catatonic cluster separately, the former with
general disorganization (both behavior and speech) and the latter in the psychomo-
tor domain of schizophrenia. Fourth, in the negative symptom option, flat affect
would be changed to restricted affect, which better describe the range of affective
experience and expression in schizophrenia.

Schizoaffective Disorder

The current DSM-IV-TR diagnosis schizoaffective disorder is unreliable [42, 268]
and has poor temporal stability [38, 269]. Suggested changes for DSM-V are meant
to increase the reliability. The diagnosis of schizoaffective disorder requires longitu-
dinal data, to assess temporal overlap of psychotic and affective symptoms (criterion
B) and relative distribution over time (criterion C). Clinical settings however, do not
usually allow for the direct observation of the required pattern of symptoms over
time. Therefore most diagnoses of schizoaffective disorder have to rely on accurate
autobiographic memory of the patient, collateral information, or access to health
records.

In DSM-IV-TR, Criterion B states “During the same period of illness, there have
been delusions or hallucinations for at least 2 weeks in the absence of prominent
mood symptoms”. In DSM-5, suggested changes include changing the latter part
of the criterion to “in the absence of symptoms meeting criteria for a major mood
episode”. As mood symptoms are defined more precisely, it is expected to improve
the reliability and possibly limit the frequency with which it is used clinically. It
would also likely more clearly demarcate this diagnosis from bipolar disorder with
psychotic features.

Another aspect of the diagnosis considered for change is Criterion C, which
defines the temporal distribution of the illness, and may have the lowest reliabil-
ity among the schizoaffective disorder criteria [267]. Currently Criterion C states
“Symptoms that meet criteria for a mood episode are present for a substantial por-
tion of the total duration of the active and residual periods of the illness”. Suggested
changes would include changing the term “substantial portion” to ‘“‘substantial
portion (over 30%)”, also to improve reliability.

Attenuated Psychotic Symptoms Syndrome

Among the more controversial proposals for DSM-5 is a Psychosis Risk Syndrome,
later renamed Attenuated Psychotic Symptoms Syndrome. Still being examined is
whether its inclusion is merited in the main DSM-5 manual or in its “Appendix
for Further Research”. Tentative diagnostic criteria would include “one or more of
characteristic symptoms (i.e. delusions, hallucinations or disorganized speech) in
attenuated form with intact reality testing, but of sufficient severity and/or frequency
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that is not discounted or ignored.” Further, these symptoms would have begun in or
significantly worsened in the past year, and must be present in the past month and
occur on average at least once weekly.

Personality Disorders

Among the three Cluster A personality disorders in DSM-IV-TR, only schizotypal
personality disorder is recommended for inclusion into DSMS5, albeit with sug-
gested changes. It is recommended that paranoid and schizoid personality disorders
be represented and diagnosed by a combination of core impairment in personal-
ity functioning and specific pathological personality traits, rather than as a specific
personality disorder type. Reasons for reducing the overall number of personality
disorders include excessive co-occurrence among personality disorders diagnosed
using the categorical system of the DSM [270, 271], and arbitrary diagnostic thresh-
olds for existing personality disorders (i.e. the number of criteria necessary for
diagnosis). There is also a significant reformulation of the approach recommended
to the assessment and diagnosis of personality psychopathology, including the pro-
vision for clinicians to rate dimensions of personality traits and the overall severity
of personality dysfunction.

Consideration has also been given to including Schizotypal (personality) disor-
der among the general category of “Psychotic Disorders”, rather than “Personality
Disorders” where it is currently located [102]. Classifying schizotypal disorder
together with other psychotic disorders like schizophrenia (as is currently done in
ICD-10) would reflect research evidence showing their genetic relationship. At the
time of publication however, this was not among the recommendations released pub-
lically by the DSM-5 task force. The main reservation relates to failure of cases to
manifest psychotic symptoms and the fact that antipsychotic drugs are not frontline
therapy [102].
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Chapter 3
Toward a Multidimensional Continuum Model
of Functional Psychoses for Research Purposes

Michael S. Ritsner

Abstract Schizophrenia (SZ), schizoaffective disorder (SA), major depressive dis-
order (MDD) and bipolar disorder (BPD) are clinically heterogeneous conditions
called “functional psychoses” (FP). The paradigm, underlying the current model
of FP, was based on Kraepelinian dichotomy and was a practical starting point
for the categorical classification of FP. Nevertheless, the concept is increasingly
challenged by emerging data from modern research in the field of clinical, genetic
epidemiology, molecular genetics, neuroscience and neurobiological studies. The
literature suggests that, despite intensive efforts and progress towards more reli-
ability in classification, no definite and causally relevant biological abnormalities
have been identified to date. Because the underlying disease mechanisms are poorly
understood it is difficult to define a biologically plausible classification of func-
tional psychoses. Recent research findings support a multidimensional model for
FP. This chapter describes proof-of-concept for the Multidimensional Continuum
Model (MDC model) of functional psychoses for research purposes. It is based on
multi-dimensional parameterization of the clinical-endophenotype-genetic domains
with a three-axis continuum (distribution) of psychopathological and behavior pat-
terns among FP-affected persons, their relatives and the general population, on
a hypothesis-free approach, and on an endophenotype strategy. The MDC model
provides a framework for research purposes, in particular, for the study of the
interactions between clinical, neurocognitive, behavioral, brain imaging and other
neurobiological representations of functional psychoses. Postulated common to
functional psychoses etiological and pathogenetic mechanisms include at least four
interactive hits: a genetic load hit (“genetic vulnerability”), a neurodevelopmental
hit (“neuronal vulnerability”), a stress sensitization hit (“life stress vulnerability”),
and a neurodegeneration hit. These hits were presented as a Multi-Hits Vulnerability
Model of functional psychoses. Implications for future researches in this field are
discussed.
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BPD Bipolar disorder

BPRS Brief psychiatric rating scale

CGI-S Clinical Global Impression Severity scale

DSM-IV Diagnostic and Statistical Manual of Mental Disorders. Fourth
edition

FP Functional psychoses

HPA axis Hypothalamic-pituitary-adrenal axis

HRQL Health related quality of life

ICD-10 International Classification of Diseases and Related Health

Problems. Tenth revision.
MDC model Multidimensional continuum model of functional psychoses for
research purposes

MDD Major depressive disorder

MHYV model Multi-Hits vulnerability model of functional psychoses
PANSS Positive and negative syndrome scale

SAD Schizoaffective disorder

SZ Schizophrenia

Statement of Conundrum

Functional psychoses (FP) or schizophrenia (SZ), schizoaffective (SAD), major
depressive disorder (MDD) and bipolar disorder (BPD) vary widely in clinical
presentation and course (onset, remission and relapse), genetic epidemiology and
molecular genetics, neuroimaging and neurobiological findings. Indeed, the symp-
toms of FP are remarkably heterogeneous to the extent that two patients with the
same diagnosis (SZ, or SAD, MDD and BPD) can display completely different
symptom patterns. Standard guideline criteria of categorical classifications of func-
tional psychoses (DSM-IV [1] and ICD-10 [2]) are widely accepted and have several
distinct advantages [3]. Discrimination between FP cannot be soundly based on the
phenomenology of psychosis or symptom clusters [4, 5]. Overall, the categorical
approach continues to be the focus of much criticism; in particular, research based
on the presumption of a single disease has produced weak findings that frequently
fail confirmation in replication studies [6—17]. Indeed, many investigators have
attempted to dissect the phenotype into homogeneous subtypes using molecular
genetics and endophenotype approaches, but these attempts had limited success in
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relating the categorical subtypes to biological markers, genetic factors, or treatment
response (see reviews [18]).

Converging evidence from critical studies comparing categorical and dimen-
sional models of psychosis demonstrated that symptoms and disease course, risk
factors, endophenotypes, and putative neurobiological underpinnings are better
explained in terms of continuous distributions [19] (see review and more specific
criticism in Chapter 1 in this volume and other chapters of this book). It is clear
that standard nomenclatures do not represent disease entities with separate etiolo-
gies or rather different facets of the same disease. However, a recently published
draft of the DSM-V is based on the same categorical model of functional psychoses
(http://www.dsm5.org/Pages/Default.aspx).

Thus, other conceptualizations of FP for research purposes are warranted. A
promising and useful line of research for assessing the validity of competing def-
initions or continuum models in psychotic disorders is to establish a strategy that
combines multidimensional and polydiagnostic approaches to define clinical mark-
ers or phenotypes [20]. As an initial step in this endeavor, Brown and Barlow [21]
suggest introducing dimensional severity ratings to the existent diagnostic cate-
gories and criteria sets. Therefore, the most useful approach to classification seems
to be the complementary use of categorical and dimensional representations of
functional psychoses [22, 23]. Dutta and colleagues [24] consider that at present
the best option is to implement a hybrid of a categorical-dimensional approach in
DSM-V. This would introduce the benefit of increased explanatory power of clin-
ical characteristics, without completely dismissing the traditional paradigm of the
Kraepelinian dichotomy. The dimensional approach to classification of functional
psychoses is not intended to substitute categorical organization but rather to com-
plement it in clinical practice and to challenge the exclusivity of the categorical
approach in research settings. Current data indicate that psychotic disorders are best
understood dimensionally rather than categorically [25-27]. Setting the boundaries
for psychosis is not a limiting problem in dimensional models as in categorical
models, but whether or not there is a continuum from normality to psychosis is
controversial. Current discussions about dimensional and categorical approaches,
which both have value, and limitations, are presented [28]. Nevertheless, no propos-
als have been offered for introducing dimensional classification in the diagnostic
system in a valid and feasible manner.

Recently, the National Institute of Mental Health (NIMH) included in its new
Strategic Plan a specific aim to “develop, for research purposes, new ways of classi-
fying mental disorders based on dimensions of observable behavior and neurobiolo-
gical measures” [29]. This goal is being implemented with a new initiative dubbed
the Research Domain Criteria project. The intent is to create a framework for
research classifications that reflect functional dimensions stemming from transla-
tional research on genes, circuits, and behavior (http://www.nimh.nih.gov/research-
funding/newsletter/2009-july-inside-nimh.html#message-from-the-nimh-director).
Examples of such domains might include executive functioning, fear circuitry, and
reward circuitry [30].
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Proof-of-Concept for a Multidimensional Continuum Model

Basic principles applied to the conceptualization of a Multidimensional Continuum
Model (MDC model) [31] of functional psychoses for research purposes include
(see Fig. 3.1):

1. Recognizing a three-axis continuum that precedes the distribution of phenotypic
dimensions of functional psychoses: one axis represents a phenotypic contin-
uum among FP-affected persons, second axis — among relatives of probands
with functional psychoses, and third axis — in the general population (Fig. 3.2).
Variation within each continuum of psychotic experience has been recently
discussed [32].

2. Using a multidimensional approach that allows us to assess all phenotypic
expressions of functional psychoses such as psychopathological symptoms,
aggressive and suicidal behaviors, insight, cognitive functioning, and health
related quality of life, general functioning, side effects, neurobiological and other
characteristics.

3. Using a hypothesis-free (empirical) approach for parameterization and classifi-
cation of the phenotypic expressions of functional psychoses.
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Fig. 3.1 Multidimensional continuum model of functional psychoses for research purposes
(version 1.1). © M.S. Ritsner 2011 and used by permission
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Fig. 3.2 A Three-axis continuum model of functional psychoses (FP). © M.S. Ritsner 2011 and
used by permission

Using the endophenotype approach [33] for investigating gene-phenotypic rela-
tionships in order to define future typology of functional psychoses based on
etiological and pathophysiological (neurobiological) mechanisms.

. Recognizing unitary etiological and pathogenetic components underlying func-

tional psychoses.

According to the MDC model each patient with functional psychoses may be
characterized by the following parameters (Table 3.1):

(a)
(b)
()
(d)
(e)
()

phase of episode,
severity of episode,
current or last episode,
duration of episode,
lifetime course, and
phenotypic domains.

The dimensions of the phenotypic expression of current mental health state are
assessed using psychiatric rating scales, a cognitive test battery and self-reported
inventories: catatonic, positive and negative symptoms, aggressive and suicidal
behaviors, depressive, anxiety, and mania symptoms, emotional and somatic dis-
tress, insight, cognitive functioning, health related quality of life (HRQL), general
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functioning and side effects. Some interview-based scales have been developed to
measure the full range of psychiatric symptoms, such as the Brief Psychiatric Rating
Scale (BPRS) [34] and the Positive and Negative Syndrome Scale (PANSS) [35],
whereas other interview-based scales have been designed to tap specific dimen-
sions, such as the Scale for the Assessment of Negative Symptoms (SANS) [36].
The same classification holds true for self-report scales. A battery of standardized
psychometric scales should be administered to measure all these dimensions
(Table 3.1). These and other (well-known or new) instruments should be validated, if
possible, shortened and divided to 2-3 sets according to needs of different research
purposes.

Phenotypic domains: There is wide agreement among psychiatrists and bio-
logical researchers that functional psychoses are a multi-dimensional spectrum of
broadly heterogeneous disorders, but there is less consensus concerning the number
and types of disorders. My research and clinical experience of treating patients with
functional psychoses over the last 30 years suggests that the functional psychoses
continuum may be currently divided into five phenotypic (clinical) domains:

(a) catatonic,

(b) thought disorder,
(c) major depressive,
(d) major manic, and
(e) major bipolar.

At this stage, researchers may use some DSM-IV clinical criteria (Table 3.2) for
domain representations in order to search for FP domains that will be based on
phenotypic dimensional-endophenotype-gene associations.

Detailed discussion about each FP-domain is beyond the scope of this chapter;
the reader is advised to refer to the other relevant chapters, however I do have a few
comments.

e Catatonia is a motor dysregulation syndrome described by Karl Kahlbaum in
1874 who considered it an independent disease. Emil Kraepelin made it a
linchpin of his concept of dementia praecox [37]. Catatonia is a distinct neu-
ropsychiatric syndrome (non-malignant, malignant, a dream-like stupor) that is
increasingly recognized both clinically and in ongoing research [38]. The DSM-
IV recognizes catatonia as a distinct diagnostic category (catatonia due to organic
mental disorder), a subtype of SZ, as an episode of MDD and BPD and in the
framework of neuroleptic malignant syndrome. Catatonia was found in 10-38%
of psychiatric populations. Fink [39] asked to divorce catatonia from SZ and
to recognize catatonia as an independent diagnostic class in the forthcoming
DSM-V. Clinicians developed rating scales to identify the catatonia syndrome
and applied the immediate relief afforded by a barbiturate or a benzodiazepine as
a diagnostic test, the lorazepam test. Heckers and colleagues [40] mentioned three
compelling reasons to change the classification of catatonia in the next edition of
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the DSM: (1) catatonia is often not recognized, (2) a better recognition of catato-
nia would facilitate proper treatment, and (3) a better recognition of catatonia as
a diagnostic entity would catalyze the dormant research of the neural and genetic
mechanisms of catatonia. Authors claim that removing catatonic symptoms as a
diagnostic feature of schizophrenia from the DSM would affect the classic phe-
notype of SZ. However, “the classic phenotype of SZ” has already been affected
by many clinical, epidemiological, genetic and neurobiological studies [7-17,
41-43].

e The thought disorder domain exhibits widely diffuse positive symptoms (marked
delusions with or without hallucinations) with disturbances of emotion and a
broad range of negative symptoms, cognitive decline, HRQL and functional
impairments with personality deterioration. Following Jaspers’ hierarchical prin-
ciple stating that “schizophrenic” symptoms have diagnostic prominence over
“mood” symptoms for diagnostic and prognostic purposes [44] the MDC model
suggests including in this domain patients with depressive and manic episodes
with mood-incongruent psychotic features. Accordingly, such patients should be
excluded from the major depressive domain, the major manic domain and from
the major bipolar domain.

e Furthermore, the presence of a mania episode in the absence of depressive
episodes is insufficient for a diagnosis in the major bipolar domain. Lastly, dys-
thymic and cyclothymic disorders should be removed from FP since they are
characterized by chronic, non-psychotic mild signs and symptoms.

Thus, preliminarily, a “diagnosis” for research purposes of a person with functional
psychosis could be characterized by clinical domain (catatonic, thought disorder,
major depressive, major manic or major bipolar) domain, phase of episode, severity
of episode, current or last episode, duration of episode, life time course, and specific
measures of the phenotypic expressions (Table 3.1).

Symptom Dimensions

The emerging dimensional approach to classification and treatment of psychiatric
disorders calls for better understanding of diagnosis-related variations in psychiatric
syndromes and for proper validation of psychometric scales used for the evalu-
ation of those syndromes. The PANSS is a well-established rating scale used in
the research of schizophrenia and related disorders. Findings from this rating scale
are usually presented as mean scores (total and/or sub-scales), nevertheless, raw
scores include much more information such as symptom severity, factor structure,
symptom frequency and patterns. Psychotic symptoms such as hallucinations and
delusions, disorganized speech and behavior, and negative symptoms are distributed
along a continuum that extends from SZ to psychotic mood disorders with increas-
ing levels of severity [45]. For the translation of research results into practice,
understanding of the PANSS scores from a clinical perspective is essential.
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Factor Structure: The study of symptom structure serves two main purposes in
the field of psychopathology research. First, the identification of consistent patterns
of symptom clusters may help identify homogeneous subgroups of patients and
provide validation for diagnostic concepts. Second, distinct clusters may hypothet-
ically reflect distinct pathophysiologies within the schizophrenic disorder [46, 47].
The symptoms of FP aggregate in factors. Different factor structures with solutions
have been found using exploratory factor analyses on the PANSS. Regarding the
number of putative dimensions underlying psychosis, there is some consensus that
there are 3—7 factors underlying the latent structure of psychosis: reality distortion,
disorganization, negative symptoms, catatonia, mania, and depression. Several
symptom dimension models were constructed for SZ from the 30 PANSS items:

1. a three-factor model was established with positive, negative, and general psy-
chopathological scale scores [48].

2. five-factor models with (a) anergia, thought, activation, paranoid, and depression
factors or clusters [48]; (b) negative, positive, cognitive, excitement and depres-
sion components [49, 50]; and (c) negative factor, positive factor, activation,
dysphoric mood and autistic preoccupation [51].

3. Van den Oord et al. [52] revisited the factor structure and external validity
of the PANSS in a sample of 500 participants with DSM IV diagnoses of
schizophrenia. They found that five factors corresponded closely to those typ-
ically derived in other studies: Negative, Positive, Excited/Activation, Anxious-
Depressed/Dysphoric, and Disorganized/Autistic preoccupation, while the sixth
factor seemed to have face validity and was labeled Withdrawn. With the excep-
tion of Anxious-Depressed/Dysphoric, Cronbach’s Alpha ranged from 0.70 to
0.85 suggesting an acceptable internal consistency.

4. Six- and seven factor solutions have also been reported [51, 53].

There is evidence based on the use of exploratory factor analysis of the PANSS in
heterogeneous populations of patients with FP. Purnine and associates [54] exam-
ined the reliability and validity of PANSS among outpatients with schizophrenia
(N = 75) and mood disorders (N = 61). Four of five factors were similar to
those reported among inpatients with schizophrenia. Daneluzzo and collegues [55]
compared the clinical characteristics of manic patients with those of SZ patients
evaluated with PANSS. The clinical symptoms of 148 BPD patients and 86 SZ
patients hospitalized for an index psychotic episode were assessed. Schizophrenic
patients showed more positive and cognitive symptoms than BPD. The factor anal-
ysis of the two PANSS scores showed a three-factor solution with “positive”,
“negative” and “mixed” depressive-activated factors for BPD and “positive”, “nega-
tive” and “depressive” factors for SZ. Factor analysis in a large sample (N = 1,294)
of patients diagnosed with DSM-IV schizophrenia (n = 460), BPD (n = 726) and
delusional disorder (n = 108) subjects indicated that the symptomatology of major
psychoses is composed of the following five factors: mania, positive symptoms,
disorganization, depression and negative symptoms [56]. Eisenberg and associates
[57] administered the PANSS to subjects with SZ (n = 305), organic brain disease
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(n = 66) and major depressive disorder (MDD, n = 75). The results of this
study indicate diagnosis-related variations in the negative and depressive syndrome
dimensions in schizophrenia, organic brain disease and MDD. These results also
validate limited use of the PANSS for evaluation of negative and depressive syn-
dromes in disorders other than schizophrenia. Overall, this data suggested that
positive, negative, and disorganization factors are not specific to SZ; this is con-
sistent with a dimensional view of psychopathology in FP [58]. Finally, Rietkerk
et al. [59] investigated whether the symptom dimensions “reality distortion”, “psy-
chomotor poverty” and “disorganization” are heritable phenotypes. Data from
twin and affected sibling studies are consistent with a genetic contribution to the
disorganization dimension. These data suggest that only the disorganization symp-
tom dimension may provide a useful alternative phenotype for genetic research.
Additional research is necessary to reach definitive conclusions.

Symptom Frequency, Numbers and Patterns (Fig. 3.3): PANSS item raw scores
are not particularly helpful for norm-referenced interpretation. A raw score of 3 and
more for each PANSS item may be used as a cutoff for a clinically relevant symp-
tom. Thus, we can progress from symptom (item) severity to symptom frequency,
numbers and patterns that may lead us to categorical clinical presentation of mental
health state of patient.

For instance, Fig. 3.4 shows the frequency of PANSS symptoms (defined as 3
and more raw scores) for 579 inpatients and outpatients with various severities

Factors structure Clinical domains: Future Symptom'’s patterns
U catatonic phenotypic-

0 dimensional-
endophenotype-
gene domains

Symptoms’ severity S LS E T R - Symptom frequency

Fig. 3.3 Analysis of dimensional and categorical parameters are based on PANSS raw scores.
© M.S. Ritsner 2011 and used by permission
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Fig. 3.4 Frequency of PANSS symptoms (defined as 3 and more row scores) among persons with

various severities of functional psychoses measured by CGI-S

Table 3.3 Mean number of PANSS symptoms and DSM-IV diagnoses of 579 patients with

functional psychoses

Number of PANSS Distribution of patients by DSM-IV diagnoses

symptoms (codes)
Severity of
illness Mean SD 295.1 2953 295.6 2957 2959 296 Total
CGI-S (1-2 1.6 4.2 0 29 10 1 0 3 43
scores)
CGI-S (3 score) 3.7 4.9 1 91 33 14 8 5 152
CGI-S (4 score) 8.9 54 100 28 35 8 18 196
CGI-S (5-7 12.7 5.0 13 120 21 20 8 6 188
scores)
Total - - 21 340 92 70 24 32 579

CGI-S — Clinical Global Impressions Scale: 0 = Not Assessed; 1 = Normal, not at all ill; 2 =
Borderline mentally ill; 3 = Mildly ill; 4 = Moderately ill; 5 = Markedly ill; 6 = Severely ill; 7 =

Among the most extremely ill patients

of functional psychoses as measured by CGI-S (Table 3.3). As can be seen, the
higher the CGI-S scores the higher the frequency and the most PANSS symptoms.
In addition, these findings might be presented as the “number of PANSS symp-
toms” (Fig. 3.5), and as individual patterns of symptoms (Fig. 3.6). These individual
patterns look different than mean scores of five symptom factors (Fig. 3.7).
Temporal Stability: One potential challenge of the dimensional approach is the
assumption that FP patients experience drastic symptom changes over time. For a
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Fig. 3.5 PANSS positive, negative, general and total mean scores by number of symptoms among
579 patients with functional psychoses

Patient A Patient B

P1

Fig. 3.6 Individual patterns of PANSS symptoms among persons with functional psychoses.
PANSS items: positive: P1—P7, negative: N1—-N7, and general psychopathology: G;-G5
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Patient C Patient D

P1 P1

Patient E

Pl
Pl . o516

Patients Sex Age DSM-IV  Illness CGI-S, PANSS, Number
(yr.) duration score score of symptoms
(yr.)
A Men 37 295.3 9 3 72 4
B Men 42 295.6 17 4 82 7
C Men 23 295.3 6 4 83 8
D Women 29 295.3 10 3 92 10
E Men 22 295.3 5 4 112 20

Fig. 3.6 (continued)
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Mean score

o T2 3 4 5 12 13 o1 15 N M 25 M 45 1M 125 134 135 M5 24 I35 M5 M5 1234 1235 15 1345 235 12U45

PANSS symptom patterns

—+—Positive —B—Negative —s—Excited —— Anxious/ f e ——Di

Fig. 3.7 Mean scores of PANSS factors by symptom patterns among 579 patients with func-
tional psychoses. Factor structure: Positive factor (Py, Py, Ps, Ps, Go), Negative factor (N;:Ny,
Ng, Gs, G7, Gi3, Gyg), Excited or activation factor (P4, P7, G4, Gg, Gi4), Mood (anxious
depressed/dysphoric) factor (G;:Gs, Gg, G12, Gis), Disorganized or autistic preoccupation fac-
tor (P3, N5, N7, Gjo, G11, G13). Symptom patters: 0 = all PANSS items <3 scores; 1 = Positive
factor symptoms (at least one from Py, Py, Ps, Pg, Go items > 3 scores); 2 = Negative factor
symptoms (at least one from N;:N4, N¢, Gs, G7, G13, Gig items > 3 scores); 3 = Excited factor
symptoms (at least one from P4, P7, G4, Gg, G4 items > 3 scores); 4 = Mood factor symptoms
(at least one from G1:G3, Gg, G2, G15 items > 3 scores); and 5 = Disorganized factor symptoms
(at least one from P3, N5, N7, Gjg, G11, Gj3 items > 3 scores). Consequently, for instance, pattern
12 includes Positive and Negative symptoms; pattern 235 means Negative-Excited-Disorganized
symptom pattern, and ctr

dimensional approach to be useful, some degree of symptom stability would be
expected, but few longitudinal studies examined the evolution of symptoms per
se. In a longitudinal study of symptoms, Arndt et al. [60] found that the negative
symptoms were already prominent during the patients’ first episode and remained
relatively stable throughout the 2 years of follow-up. The positive symptoms of dis-
organization and psychoticism were found to be prominent at intake and declined
over the course of the follow-up period. Repeat examinations of patients revealed
results that further support the validity, internal consistency and inter-rater reliabil-
ity of the five-factor models of SZ psychopathology as measured by the PANSS
[50, 61, 62]. Reichenberg et al. [47] examined the stability of symptoms of SZ over
time, focusing on the stability of symptom structure. Symptoms were assessed with
the PANSS of 215 chronic patients followed up for as long as 4 years. The results
demonstrate that despite changes in the severity of symptoms in individual patients
with SZ, the factor structure and interrelatedness of symptoms have considerable
stability over time.

The results long-term study [63, 64] of 108 patients that met DSM-IV criteria
for SZ or SAD for 10-year period demonstrate a reduction in PANSS total scores
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Table 3.4 Frequency of PANSS symptoms (scores >3) among 108 patients with schizophrenia
and schizoaffective disorders at initial assessment and over 10-year follow up

Initial 10-year follow
assessment up assessment
x2
Variables n % n % test p
Pl Delusions 41 38.0 28 25.9 3.6 0.058
P2 Conceptual disorganization 50 46.3 35 32.4 4.4 0.036
P3 Hallucinatory behavior 16 14.8 13 12.0 0.4 0.55
P4 Excitement 17 15.7 12 11.1 1.0 0.32
P5 Grandiosity 15 13.9 16 14.8 0.04 085
P6 Suspiciousness 37 343 28 25.9 1.8 0.18
P7 Hostility 11 10.2 1 0.9 8.8 0.003
N1 Blunted affect 60 55.6 84 77.8 12.0 0.0005
N2 Emotional withdrawal 57 52.8 46 42.6 2.2 0.13
N3 Poor rapport 33 30.6 17 15.7 6.7 0.009
N4 Passive/apathetic 44 40.7 42 38.9 0.1 0.78
N5 Difficulty in abstract 63 58.3 68 63.0 0.5 0.49
thinking
N6 Lack of spontaneity 45 41.7 31 28.7 4.0 0.046
N7 Stereotyped thinking 65 60.2 48 44.4 54 0.020
Gl Somatic concern 16 14.8 22 204 1.1 0.28
G2 Anxiety 29 26.9 7 6.5 16.1 0.0001
G3 Guilt feelings i 6.5 11 10.2 1.0 0.32
G4 Tension 34 31.5 4 3.7 28.7 0.0001
G5 Mannerism and posturing 27 25.0 5 4.6 17.8 0.0001
Go6 Depression 14 13.0 16 14.8 0.2 0.69
G7 Motor retardation 10 9.3 7 6.5 0.6 0.45
G8 Uncooperativeness 13 12.0 5 4.6 39 0.049
G9 Unusual thought content 33 30.6 17 15.7 6.7 0.009
G10  Disorientation 4 3.7 3 2.8 0.2 0.70
Gl1 Poor attention 37 343 21 19.4 6.0 0.014
G12  Lack of judgment and 64 59.3 55 50.9 1.5 0.22
insight

G13  Disturbance of volition 52 48.1 19 17.6 22.8 0.0001
G14  Poor impulse control 22 20.4 19 17.6 0.3 0.60
G15  Preoccupation 39 36.1 18 16.7 10.5 0.001
G16  Active social avoidance 56 51.9 22 20.4 232 0.0001

(p=0.044), and general psychopathology (p=0.008). Ratings of negative and pos-
itive symptoms did not change significantly during the follow-up period. When
frequency of PANSS items (scored >3) was analyzed, two groups of symptoms
were found (Table 3.4):

o Groups of patients with stable frequency of symptoms [delusions (Py), hallu-
cinatory behavior (P3), excitement (P4), grandiosity (P5), suspiciousness (Pg),
emotional withdrawal (N7), passive/apathetic (N [4]), difficulty in abstract think-
ing (N5), somatic concern (Gj), guilt feelings (G3), depression (Gg), motor
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retardation (G7), disorientation (Gjg), lack of judgment and insight (Gj2), poor
impulse control (G14), active social avoidance (Gj¢)]; and

o Groups of patients with decreased frequency of symptoms [conceptual disorgani-
zation (P2, p = 0.036), hostility (P7, p = 0.003), poor rapport (N3, p = 0.009),
lack of spontaneity (N¢, p = 0.046), stereotyped thinking (N7, p = 0.020), anxiety
(G2, p<0.001), tension (G4, p<0.001), mannerism and posturing (Gs, p<0.001),
uncooperativeness (Gg, p = 0.049), unusual thought content (Go, p = 0.009),
poor attention (G, p = 0.014), disturbance of volition (G13, p<0.001) and preoc-
cupation (Gys, p = 0.001)]. Only frequency of blunted affect (N;) was increased
from 55.6% at initial assessment to 77.8% after 10-year period (p = 0.0005).

Thus, these dimensions have considerable validity and temporal stability.
Longitudinal studies that followed patients from childhood to adulthood are needed
to further understand the course of FP symptoms over longer periods of time.

Subtyping FP into mutually exclusive entities could be an endless process and
would have the same limitations as some of the categorical approaches. A dimen-
sional continuum model of FP provides researchers with a more complete picture.
Because monosymptomatic patients are rare, dividing FP into mutually exclusive
DSM-1V illnesses is unreasonable and impractical. From a dimensional perspec-
tive, each patient can score in one or more symptom dimensions. The focus is on
symptom severity, frequency, profile or patterns. FP research should concentrate on
identifying the general and specific etiological factors that contribute to the develop-
ment of phenotypic domains. A dimensional approach assumes that FP symptoms
are normally distributed in the general population. Future genetic endophenotype
oriented studies involving patients from across a broad spectrum of FP or involving
population-based samples may be particularly informative if phenotypic dimensions
are stable traits.

Toward a Unitary Pathogenetic Mechanism

The etiology of FP is a topic of controversial debate, while researchers strive to
achieve a common objective. The goal is to identify the cause(s) of FP to under-
stand the complex interplay between environment and gene regulation. A conclusive
identification of specific etiological factors or pathogenic processes in the FP has
remained elusive, although recent studies have shown that several neurobiologi-
cal alterations in domains of brain structure, physiology and neurochemistry may
reflect diverse pathophysiological pathways from the “genome to the phenome” (see
reviews [18, 65, 66]). The stress-vulnerability models of FP have dominated etiol-
ogy theories for over three decades [67, 68]. For instance, the neural diathesis —
stress model proposes that the constitutional diathesis for schizophrenia depends
on neuroendocrine pathways through which stress exposure, specifically corti-
sol release mediated by the hypothalamic-pituitary-adrenal (HPA) axis, influences
dopamine transmission [67, 69]. “Multiple hit” models suggested the importance of
additive and interactive effects of environmental risk factors against a background
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Fig. 3.8 A Multi-Hits Vulnerability Model of functional psychoses. © M.S. Ritsner 2011 and used
by permission

of genetic predisposition [70-75]. Figure 3.8 presents the Multi-Hits Vulnerability
Model (MHV model), which based on interaction between four main hits:

(a) a genetic load hit (“genetic vulnerability”),

(b) aneurodevelopmental hit (“neuronal vulnerability”),

(c) astress sensitization hit (“life stress vulnerability”), and
(d) a neurodegeneration hit.

A genetic load hit: For more than 40 years, researchers worldwide have sought
to reveal the genetic basis of FP. Linkage and candidate gene association study
results have led to a range of hypotheses concerning the pathogenesis of the disor-
ders, but overall genetic findings have been inconsistent and not a single functional
risk causing variant has been identified. Advances and challenges in molecular and
genetic studies of FP were recently reviewed [18, 76-81]. Although linkage and
association studies have identified a series of chromosomal regions likely to con-
tain susceptibility genes, progress in identifying causative genes has been largely
disappointing. However, rapid technological advances are beginning to lead to new
insights. Systematic genome-wide association and follow-up studies have reported
genome-wide significant association findings of common variants for schizophrenia
and bipolar disorder. There is emerging evidence that some cases of FP (in partic-
ular, SZ) might be due to rare genetic structural variations, though the majority of
cases are putatively due to a cumulative effect of common variations in multiple
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genes, which in combination with environmental stressors may lead to the develop-
ment of schizophrenia [82, 83]. The aggregate data provide support for polygenic
inheritance and for genetic overlap in FP [79].

A neurodevelopmental hit: Owing to several advances, principally developments
in neuroimaging, electrophysiological and neuropathological approaches, in the last
two decades FP have been increasingly viewed as neurodevelopmental disorders
[84-88]. Human epidemiological studies have provided compelling evidence that
the risk of developing schizophrenia is significantly increased following prena-
tal and/or perinatal exposure to various environmental insults, including maternal
exposure to stress, infection and/or immune activation, nutritional deficiencies and
obstetric complications [89]. Pathways associated with genes that regulate neuronal
migration by influencing the function of microtubules in the developing fetal brain
may be interfered with as part of the “first-hit” of SZ [90]. There is evidence from
brain pathology (enlargement of the cerebroventricular system, changes in gray and
white matters, and abnormal laminar organization), genetics (changes in the nor-
mal expression of proteins that are involved in early migration of neurons and glia,
cell proliferation, axonal outgrowth, synaptogenesis, and apoptosis), environmental
factors (increased frequency of obstetric complications and increased rates of
schizophrenic births due to prenatal viral or bacterial infections), minor physical
anomalies, and gene-environmental interactions, which support of the neurodevel-
opmental model [18, 91-94]. In addition, findings from both cross-sectional studies
of first-episode patients and longitudinal studies in childhood-onset and adoles-
cent onset schizophrenia support the concept of early-onset schizophrenia as a
progressive neurodevelopmental disorder with both early and late developmental
abnormalities [95].

A stress sensitization hit: Psychosocial stress, such as life events, childhood
trauma, or discriminatory experiences powerfully affect the brain and body and
last throughout the entire life span, influencing brain function, behavior, and the
risk for a number of systemic and mental disorders [96, 97]. There is evidence
that environmental factors, which interact with multiple genes, and epigenetic fac-
tors, psychological or physiological alterations, induce persistent sensitization to
stress [98, 99]. Stress sensitization may be critical in the development or relapse of
FP. The neurobiological substrate of stress sensitization involves dysregulation of
dopaminergic and noradrenergic systems.

Glutamatergic regulation activates HPA axis in stress response [67, 100]. The
HPA axis is one of the primary neural systems triggered by stress exposure, in the
expression of vulnerability for schizophrenia. The results indicate that psychotic
disorders are associated with elevated baseline and challenge-induced HPA activity;
that antipsychotic medications reduce HPA activation, and that agents that augment
the stress hormone (cortisol) exacerbate psychotic symptoms (see review [68]). A
fundamental question in the neuroendocrinology of stress-related psychopathology
is why some individuals flourish and others perish under similarly adverse con-
ditions. The data suggest that mineralocorticorticoid and glucocorticoid receptors
contribute to individual differences in resilience and vulnerability to stressors [101].
Although many of the physiological effects of corticosteroid stress hormones on
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neuronal function are well recognized, the underlying genomic mechanisms are
only beginning to be elucidated [102]. Brain regions such as the hippocampus,
amygdala, and prefrontal cortex respond to acute and chronic stress by undergoing
structural remodeling, which alters behavioral and physiological responses. Lyons
et al. [103] suggest that small hippocampi reflect an inherited characteristic of the
brain of monkeys. It has been reported that volume reductions in the amygdala, hip-
pocampus, superior temporal gyrus, and anterior parietal cortex common to both
patient groups may represent vulnerability to schizophrenia, while volume loss of
the prefrontal cortex, posterior parietal cortex, cingulate, insula, and fusiform cortex
preferentially observed in schizophrenia may be critical for overt manifestation of
psychosis [99]. Genetically informed clinical studies should assess whether
inherited variation in hippocampal morphology contributes to excessive stress levels
of cortisol through diminished neuroendocrine regulation. In humans with mood and
anxiety disorders, small hippocampal volumes have been considered evidence that
excessive stress levels of cortisol induce hippocampal volume loss. Translational
studies in humans with structural and functional imaging reveal smaller hippocam-
pal volume in stress-related conditions [104], and major depressive illness [105].
Laruelle [106] proposed that, in schizophrenia, neurodevelopmental abnormalities
of prefrontal dopaminergic systems might result in a state of enhanced vulnerabil-
ity to sensitization during late adolescence and early adulthood. It is also proposed
that dopamine D; receptor blockade, if sustained, might allow for an extinction
of this sensitization process, with possible re-emergence upon treatment discon-
tinuation. Changes of protein expressions in the amygdala in the categories of
synaptic, cytoskeletal, oxidative stress, apoptosis, and mitochondria related proteins
could be associated with mechanisms underlying behavioral sensitization [107].
Behavioral sensitization to daily life (environmental) stress may therefore be a vul-
nerability marker for schizophrenia, reflecting dopaminergic hyper-responsivity in
response to environmental stimuli [108]. There is evidence that emotional reactivity
to daily life stress may be related to a familial liability to develop schizophrenia
[109]. Stress sensitization is most often unspecific for FP, since its can trigger high
blood pressure, diabetes, ulcers, asthma and digestive and lung ailments among
others.

A neurodegenerative hit: has postulated that FP underlie progressive pathophys-
iological processes that occur in the brains of patients (see review [110]). The
question of whether this key characteristic of the disorder means that schizophrenia
is a degenerative disorder has been discussed for over 100 years [111]. Investigation
of the long-term course of schizophrenia with progression to different residual syn-
dromes has inferred that schizophrenia is not a neurodegenerative process in the
usual sense, but may be uniquely neuroregressive in most cases [112]. The fol-
lowing findings support this assumption: 78% of SZ patients do not show full
remitting courses; progression occurs only 5-10 years after onset; chronic defect
psychoses can remit even after decades to non-psychotic pure deficiency syndromes;
that approximately 15% progress even after years and decades of a remitting course
and, finally, that altogether there is no correlation between the duration of course
and outcome. There are associations between brain imaging and psychopathological
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findings and also between the progression revealed in neuroimaging and psy-
chopathological changes. Progressive MRI changes in longitudinal studies were
revealed in childhood-onset SZ [113], before and after transition to psychosis [114],
and in the course of early psychosis [115]. Progressive MRI changes were seen
in subgroups of patients with chronic schizophrenia [116-118]. Some, though not
all studies revealed more pronounced progressive brain changes in patients that are
associated with poor outcome, more negative symptoms, and a decline in neuropsy-
chological performance [119, 120]. Brain imaging studies documented progressive
increases in ventricular size, accelerated loss of brain tissue, progressive delays
in treatment response, and neurochemical (magnetic resonance spectroscopy) and
neurophysiological (P300) indices, all of which are consistent with ongoing cerebral
degeneration in a significant subgroup of schizophrenia patients [121].

Conclusions and Future Directions

Although emerging data from many fields of psychiatric research have increasingly
challenged the validity of the DSM-IV and ICD-10 classifications, the categorical
nosology of the functional psychoses needs further clarification for use in clinical
practice. Since the current categorical nosology of functional psychoses challenges
neurobiological studies, a new model and classification of FP for research purposes
is needed.

This chapter describes proof-of-concept for the Multidimensional Continuum
Model (MDC model) of FP for research purposes, that is based on multi-
dimensional parameterization of the three-axis continuum of the phenotypic
(clinical)-endophenotype-genetic domains, on a hypothesis-free approach, and on
the endophenotype strategy. The complex clinical presentation of FP can be sum-
marized with a few consistent, temporally stable symptom dimensions and factor
structures. Although the factor structure of FP symptoms is imperfect, this quantita-
tive approach to phenotypic traits has the potential to advance our understanding
of FP and may aid in the identification of more robust endophenotypes. The
Multidimensional Continuum Model is proposed for validation and further devel-
opment. In particular, the first step towards this goal should be cross-sectional and
longitudinal measures of phenotypic expressions of FP. Suggested observer-rated
and self-report scales should be shortened and divided into 2-3 sets as per the
various research purposes. Using a few consistent and temporally stable symptom
dimensions, factors and patterns can summarize the complex clinical presentation
of FP. A dimensional approach may advance our understanding of FP while symp-
tom structure is far from definitive and is still subject to revision. Obviously, the
FP domains mentioned above (catatonic, thought disorder, major depressive, major
manic, and major bipolar) have been delineated to help elaborate future typology
of FP that should be based on multidimensional measures of phenotypic expres-
sions, endophenotypes and candidate genes. A further step would be to elaborate,
for instance, a symptom profile of each FP-domain using raw scores of rating scales.
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Multi-dimensional presentations of FP might stem from the interaction between
four hits (a genetic load hit, a neurodevelopmental hit, a stress sensitization hit, and a
neurodegeneration hit) as presented by the Multi-Hits Vulnerability Model. Further
research is needed to determine common and distinct mechanisms for FP-domains.
If supported, this model may have important implications for future classification of
FP and much more effective treatment and rehabilitation. Ultimately such a classifi-
cation should be based on an understanding of the etiology and pathogenesis of FP.
Research on the common and distinct genetic and neural substrates of the various
dimensions has already begun and is likely to develop even further.

Acknowledgement 1 wish to express gratitude to Ms. Rena Kurs, B.A. (Lev-Hasharon Mental
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References

1. American Psychiatric Association (1994) Diagnostic and Statistical Manual of Mental
Disorders: DSM-IV. American Psychiatric Association, Washington, DC
2. WHO (1993) The ICD-10 Classification of Mental and Behavioural Disorders. Diagnostic
Criteria for Research. WHO, Geneva
3. Fiedorowicz JG, Epping EA, Flaum M (2008) Toward defining schizophrenia as a more
useful clinical concept. Curr Psychiatry Rep 10:344-351
4. Kendell RE, Gourlay J (1970) The clinical distinction between the affective psychoses and
schizophrenia. Br J Psychiatry 117:261-266
5. McGorry PD, Bell RC, Dudgeon PL et al (1998) The dimensional structure of first episode
psychosis: an exploratory factor analysis. Psychol Med 28:935-947
6. Carpenter WT Jr (1999) Deficit psychopathology and a paradigm shift in schizophrenia
research. Biol Psychiatry 46:352-360
7. Jablensky A (1999) The conflict of the nosologists: views on schizophrenia and manic-
depressive illness in the early part of the 20th century. Schizophr Res 39:95-100
8. Van Os J, Gilvarry C, Bale R, Van Horn E, Tattan T, White I, Murray R (1999) A comparison
of the utility of dimensional and categorical representations of psychosis. UK700 Group.
Psychol Med 29:595-606
9. Murray RM, Sham P, Van Os J, Zanelli J, Cannon M, McDonald C (2004) A developmen-
tal model for similarities and dissimilarities between schizophrenia and bipolar disorder.
Schizophr Res 71:405-416
10. Craddock N, Owen MJ (2005) The beginning of the end for the Kraepelinian dichotomy. Br
J Psychiatry 186:364-366
11. Akiskal HS, Benazzi F (2006) The DSM-IV and ICD-10 categories of recurrent [major]
depressive and bipolar II disorders: evidence that they lie on a dimensional spectrum. J
Affect Disord 92:45-54
12. Carpenter WT Jr (2006) The schizophrenia paradigm: a hundred-year challenge. J Nerv
Ment Dis 194:639-643
13. Craddock N, O’Donovan MC, Owen MJ (2006) Genes for schizophrenia and bipolar
disorder? Implications for psychiatric nosology. Schizophr Bull 32:9-16
14. Craddock N, Owen MJ (2007) Rethinking psychosis: the disadvantages of a dichotomous
classification now outweigh the advantages. World Psychiatry 6(2):20-27
15. Greene T (2007) The Kraepelinian dichotomy: the twin pillars crumbling? Hist Psychiatry
18(71 Pt 3):361-379
16. Fischer BA, Carpenter WT Jr (2009) Will the Kraepelinian dichotomy survive DSM-V?
Neuropsychopharmacology 34(9):2081-2087



3 Toward a Multidimensional Continuum Model 107

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Ritsner MS, Susser E (2009) Molecular genetics of schizophrenia: focus on symptom dimen-
sions. In: Ritsner MS (ed) The handbook of neuropsychiatric biomarkers, endophenotypes
and genes, vol IV. Springer, pp 95-124

Ritsner MS (ed) The handbook of neuropsychiatric biomarkers, endophenotypes and genes,
vol I-IV. Springer, New York, 2009

Peralta V, Cuesta MJ (2007) A dimensional and categorical architecture for the classification
of psychotic disorders. World Psychiatry 6(2):36-37

McGuffin P, Farmer A (2001) Polydiagnostic approaches to measuring and classifying
psychopathology. Am J Med Genet 105(1):39-41

Brown TA, Barlow DH (2005) Dimensional versus categorical classification of mental dis-
orders in the fifth edition of the diagnostic and statistical manual of mental disorders and
beyond: comment on the special section. J Abnormal Psychol 114:551-556

Salokangas RKR (2003) Symptom dimensions and outcome in schizophrenia. World
Psychiatry 2(3):172-178

van Os J (2009) “Salience syndrome” replaces “schizophrenia” in DSM-V and ICD-11:
psychiatry’s evidence-based entry into the 21st century? Acta Psychiatr Scand 120(5):
363-372

Dutta R, Greene T, Addington J, McKenzie K, Phillips M, Murray RM (2007) Biological,
life course, and cross-cultural studies all point toward the value of dimensional and
developmental ratings in the classification of psychosis. Schizophr Bull 33(4):868-876
Maziade M, Roy M-A, Marinez M et al (1995) Negative, psychoticism, and disorga-
nized dimensions in patients with familial schizophrenia or bipolar disorder: continuity and
discontinuity between the major psychoses. Am J Psychiatry 152:1458-1463

van Os J, Gilvarry C, Bale R et al (1999) A comparison of the utility of dimensional and
categorical representations of psychosis. Psychol Med 29:595-606

Verdoux H, van Os J, Maurice-Tison S et al (1999) Increased occurrence of depression
in psychosis-prone subjects: a follow-up study in primary care settings. Compr Psychiatry
40:462-468

Helzer JD, Kraemer HC, Krueger RF, Wittchen H-U, Sirovatka PJ, Regier DA (eds) (2008)
Dimensional approaches in diagnostic classification: refining the research agenda for DSM-
V. American Psychiatric Publishing, Arlington, VA

National Institute of Mental Health (2008) The national institute of mental health strategic
plan. National Institute of Mental Health, Bethesda, MD, NIH publication 08-6368. Avai-
lable at: http://www.nimh.nih.gov/about/strategic-planning-reports/index.shtml. Accessed
17 Oct 2009

Insel TR, Cuthbert BN (2009) Endophenotypes: bridging genomic complexity and disorder
heterogeneity. Biol Psychiatry 66:988-989

Ritsner MS (2011) Proof-of-concept model of functional psychoses for research purposes.
BMC Psychiatry (in press)

Esterberg ML, Compton MT (2009) The psychosis continuum and categorical versus
dimensional diagnostic approaches. Curr Psychiatry Rep 11(3):179-184

Gottesman II, Gould TD (2003) The endophenotype concept in psychiatry: etymology and
strategic intentions. Am J Psychiatry 160:636-645

Overall G, Gorham D (1962) The brief psychiatric rating scale. Psychol Rep 10:799-812
Kay SR, Fiszbein A, Opler LA (1987) The positive and negative syndrome scale (PANSS)
for schizophrenia. Schizophr Bull 13:261-276

Andreasen NC, Olsen S (1982) Negative vs. positive schizophrenia: definition and valida-
tion. Arch Gen Psychiatry 39:789-794

Fink M, Shorter E, Taylor MA (2010) Catatonia is not schizophrenia: Kraepelin’s error
and the need to recognize catatonia as an independent syndrome in medical nomenclature.
Schizophr Bull 36(2):314-320

Francis A (2010) Catatonia: diagnosis, classification, and treatment. Curr Psychiatry Rep
12(3):180-185



108

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

M.S. Ritsner

Fink M (2009) Catatonia: a syndrome appears, disappears, and is rediscovered. Can J
Psychiatry 54(7):437-445

Heckers S, Tandon R, Bustillo J (2010) Catatonia in the DS — shall we move or not? should
we move on Catatonia? Schizophr Bull 36(2):205-207

Brockington IF, Kendell RE, Wainwright S, Hillier VF, Walker J (1979) The distinction
between the affective psychoses and schizophrenia. Br J Psychiatry 135:243-248

Crow TJ (1990) The continuum of psychosis and its genetic origins: the sixty-fifth Maudsley
lecture. Br J Psychiatry 156:788-797

McGorry PD (1991) Paradigm failure in functional psychosis: review and implications. Aust
NZ J Psychiatry 25(1):43-55 [PubMed]

Peralta V, Cuesta MJ (2005) The underlying structure of diagnostic systems of schizophre-
nia: a comprehensive polydiagnostic approach. Schizophr Res 79(2-3):217-229

Demily C, Jacquet P, Marie-Cardine M (2009) How to differentiate schizophrenia from
bipolar disorder using cognitive assessment? Encephale 35(2):139-145

Crow TJ (1980) Molecular pathology of schizophrenia: more than one dimension pathology?
Br Med J 143:66-68

Reichenberg A, Rieckmann N, Harvey PD (2005) Stability in schizophrenia symptoms over
time: findings from the Mount Sinai pilgrim psychiatric center longitudinal study. J] Abnorm
Psychol 114(3):363-372

Kay SR (1991) Positive and negative symdromes in schizophrenia: assessment and research.
Brunner/Mazel, New York, NY

Lindenmayer JP, Bernstein-Hyman R, Grochowski S (1994) Five-factor model of
schizophrenia: initial validation. J Nerv Ment Dis 182:631-638

Lancon C, Aghababian V, Llorca PM, Auquier P (1998) Factorial structure of the posi-
tive and negative syndrome scale (PANSS): a forced five-dimensional factor analysis. Acta
Psychiatrica Scandinavica 98:369-376

White L, Harvey PD, Opler L, Lindenmayer JP (1997) Empirical assessment of the factorial
structure of clinical symptoms in schizophrenia: a multisite, multimodel evaluation of the
factorial structure of the positive and negative syndrome scale. The PANSS study group.
Psychopathology 30:263-274

Van den Oord EJ, Rujescu D, Robles JR, Giegling I, Birrell C, Bukszar J, Murrelle L, Moller
HJ, Middleton L, Muglia P (2006) Factor structure and external validity of the PANSS
revisited. Schizophr Res 82(2-3):213-223

Emsley R, Rabinowitz J, Torreman M (2003) The factor structure for the Positive and
Negative Syndrome Scale (PANSS) in recent-onset psychosis. Schizophr Res 61:47-57
Purnine DM, Carey KB, Maisto SA, Carey MP (2000) Assessing positive and nega-
tive symptoms in outpatients with schizophrenia and mood disorders. J Nerv Ment Dis
188:653-661

Daneluzzo E, Arduini L, Rinaldi O, Di Domenico M, Petruzzi C, Kalyvoka A, Rossi A
(2002) PANSS factors and scores in schizophrenic and bipolar disorders during an index
acute episode: a further analysis of the cognitive component. Schizophr Res 56:129-136
Serretti A, Olgiati P (2004) Dimensions of major psychoses: a confirmatory factor analysis
of six competing models. Psychiatry Res 127(1-2):101-109

Eisenberg DP, Aniskin DB, White L, Stein JA, Harvey PD, Galynker II (2009) Structural
differences within negative and depressive syndrome dimensions in schizophrenia, organic
brain disease, and major depression: a confirmatory factor analysis of the positive and
negative syndrome scale. Psychopathology 42(4):242-248

Peralta V, Cuesta MJ, Farre C (1997) Factor structure of symptoms in functional psychoses.
Biol Psychiatry 42(9):806-815

Rietkerk T, Boks MP, Sommer IE, Liddle PF, Ophoff RA, Kahn RS (2008) The genet-
ics of symptom dimensions of schizophrenia: review and meta-analysis. Schizophr Res
102(1-3):197-205



3 Toward a Multidimensional Continuum Model 109

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Arndt S, Andreasen NC, Flaum M, Miller D, Nopoulos P (1995) A longitudinal study
of symptom dimensions in schizop hrenia: prediction and patterns of change. Arch Gen
Psychiatry 52(5):352-360

Lykouras L, Oulis P, Psarros K, Daskalopoulou E, Botsis A, Christodoulou GN, Stefanis
C (2000) Five-factor model of schizophrenic psychopathology: how valid is it? Eur Arch
Psychiatry Clin Neurosci 250:93-100

Mohr PE, Cheng CM, Claxton K et al (2004) The heterogeneity of schizophrenia in disease
states. Schizophr Res 71:83-95

Ritsner M, Modai I, Endicott J et al (2000) Differences in Quality of life domains,
psychopathological and psychosocial factors in psychiatric patients. J Clin Psychiatry
61:880-889

Ritsner MS, Lisker A, Arbitman M (2010) Satisfaction with quality of life in schizophrenia
and schizoaffective disorder: 10-year results from the Sha’ar Menashe quality of life project.
Quality of Life Research (in press)

Keshavan MS, Tandon R, Boutros NN, Nasrallah HA (2008) Schizophrenia, “just the facts”:
what we know in 2008 Part 3: neurobiology. Schizophr Res 106:89—107

Ritsner MS, Weizman A (eds) (2008) Neuroactive steroids in brain functions, and mental
health. New Perspectives for Research and Treatment. Springer, New York, NY, 564pp
Walker EF, Diforio D (1997) Schizophrenia:a neural diathesis-stress model. Psychol Rev
104:667-685

Walker E, Mittal V, Tessner K (2008) Stress and the hypothalamic pituitary adrenal axis in
the developmental course of schizophrenia. Annu Rev Clin Psychol 4:189-216

Jones SR, Fernyhough C (2007) A new look at the neural diathesis — stress model of
schizophrenia: the primacy of social-evaluative and uncontrollable situations. Schizophr Bull
33:1171-1177

Nuechterlein  KH, Dawson ME (1984) A heuristic vulnerability/stress model of
schizophrenic episodes. Schizophr Bull 10:300-312

Keshavan MS (1999) Development, disease and degeneration in schizophrenia: a unitary
pathophysiological model. J Psychiatr Res 33:513-521

Bayer TA, Falkai P, Maier W (1999) Genetic and nongenetic vulnerability factors in
schizophrenia: the basis of the “two hit hypothesis”. J Psychiatric Res 33:543-548
Velakoulis D, Wood SJ, McGorry PD, Pantelis C (2000) Evidence for progression of brain
structural abnormalities in schizophrenia: beyond the neurodevelopmental model. Aust NZ
J Psychiatry 34(Suppl7):113-126

Velakoulis D, Wood SJ, Wong MT et al (2006) Hippocampal and amygdala volumes accord-
ing to psychosis stage and diagnosis: a magnetic resonance imaging study of chronic
schizophrenia, first-episode psychosis, and ultra-high-risk individuals. Arch Gen Psychiatry
63:139-149

Maynard TM, Sikich L, Lieberman JA, LaMantia AS (2001) Neural development, cell-cell
signaling, and the “two-hit” hypothesis of schizophrenia. Schizophr Bull 27:457-476
Rutten BP, Mill J (2009) Epigenetic mediation of environmental influences in major
psychotic disorders. Schizophr Bull 35(6):1045-1056

Alaerts M, Del-Favero J (2009) Searching genetic risk factors for schizophrenia and bipolar
disorder: learn from the past and back to the future. Hum Mutat 30(8):1139-1152

No6then MM, Nieratschker V, Cichon S, Rietschel M (2010) New findings in the genetics of
major psychoses. Dialogues Clin Neurosci 12(1):85-93

Gejman PV, Sanders AR, Duan J (2010) The role of genetics in the etiology of schizophrenia.
Psychiatr Clin North Am 33(1):35-66

Schulze TG (2010) Genetic research into bipolar disorder: the need for a research frame-
work that integrates sophisticated molecular biology and clinically informed phenotype
characterization. Psychiatr Clin North Am 33(1):67-82

Gill M, Donohoe G, Corvin A (2010) What have the genomics ever done for the psychoses?
Psychol Med 40(4):529-540



110

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

M.S. Ritsner

Walsh T, McClellan JM, McCarthy SE, Addington AM et al (2008) Rare structural vari-
ants disrupt multiple genes in neurodevelopmental pathways in schizophrenia. Science
320(5875):539-543

Schwab SG, Wildenauer DB (2009) Update on key previously proposed candidate genes for
schizophrenia. Curr Opin Psychiatry 22(2):147-153

Lewis DA, Levitt P (2002) Schizophrenia as a disorder of neurodevelopment. Annu Rev
Neurosci 25:409-432

Rapoport JL, Addington AM, Frangou S, Psych MR (2005) The neurodevelopmental model
of schizophrenia: update 2005. Mol Psychiatry 10:434-449

Lakhan SE, Vieira KF (2009) Schizophrenia pathophysiology: are we any closer to a
complete model? Ann Gen Psychiatry 8:12

Fatemi SH, Folsom TD (2009) The neurodevelopmental hypothesis of schizophrenia,
revisited. Schizophr Bull 35(3):528-548

Jaaro-Peled H, Hayashi-Takagi A, Seshadri S, Kamiya A, Brandon NJ, Sawa A
(2009) Neurodevelopmental mechanisms of schizophrenia: understanding disturbed
postnatal brain maturation through neuregulin-1-ErbB4 and DISCI. Trends Neurosci 32(9):
485-495

Meyer U, Feldon J (2010) Epidemiology-driven neurodevelopmental animal models of
schizophrenia. Prog Neurobiol 90(3):285-326

Deutsch SI, Burket JA, Katz E (2010) Does subtle disturbance of neuronal migration
contribute to schizophrenia and other neurodevelopmental disorders? Potential genetic
mechanisms with possible treatment implications. Eur Neuropsychopharmacol 20(5):
281-287

Gur RE, Maany V, Mozley PD et al (1998) Subcortical MRI volumes in neuroleptic-naive
and treated patients with schizophrenia. Am J Psychiatry 155:1711-1717

Zipursky R, Lambe EK, Kapur S, Mikulis DJ (1998) Cerebral gray matter volume deficits
in first episode psychosis. Arch Gen Psychiatry 55:540-546

Compton MT, Walker EF (2009) Physical manifestations of neurodevelopmental disrup-
tion: are minor physical anomalies part of the syndrome of schizophrenia? Schizophr Bull
35:425-436

Wood SJ, Pantelis C, Yung AR et al (2009) Brain changes during the onset of
schizophrenia: implications for neurodevelopmental theories. Med J Aust 190(Suppl 4):
S10-S13

Arango C, Moreno C, Martinez S et al (2008) Longitudinal brain changes in early-onset
psychosis. Schizophr Bull 34:341-353

McEwen BS (2008) Central effects of stress hormones in health and disease: understanding
the protective and damaging effects of stress and stress mediators. Eur J Pharmacol 583:
174-185

van Winkel R, Stefanis NC, Myin-Germeys I (2008) Psychosocial stress and psychosis
A review of the neurobiological mechanisms and the evidence for gene-stress interaction.
Schizophr Bull 34(6):1095-1105

Collip D, Myin-Germeys I, Van Os J (2008) Does the concept of “Sensitization” provide
a plausible mechanism for the putative link between the environment and schizophrenia?
Schizophr Bull 34:220-225

Yuii K, Suzuki M, Kurachi M (2007) Stress sensitization in schizophrenia. Ann NY Acad
Sci 1113:276-290

Phillips LJ, McGorry PD, Garner B et al (2006) Stress, the hippocampus and the
hypothalamic-pituitary-adrenal axis: implications for the development of psychotic disor-
ders. Aust NZ J Psychiatry 40:725-741

DeRijk R, de Kloet ER (2005) Corticosteroid receptor genetic polymorphisms and stress
responsivity. Endocrine 28:263-270

Datson NA, Morsink MC, Meijer OC, de Kloet ER (2008) Central corticosteroid actions:
search for gene targets. Eur J Pharmacol 583:272-289



3 Toward a Multidimensional Continuum Model 111

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Lyons DM, Chou Y, Sawyer-Glover AM et al (2001) Early life stress and inherited variation
in monkey hippocampal volumes. Arch Gen Psychiatry 58:1145-1151

Winter H, Irle E (2004) Hippocampal volume in adult burn patients with and without
posttraumatic stress disorder. Am J Psychiatry 161:2194-2200

Vythilingam M et al (2002) Childhood trauma associated with smaller hippocampal volume
in women with major depression. Am J Psychiatry 159:2072-2080

Laruelle M (2000) The role of endogenous sensitization in the pathophysiology of
schizophrenia: implications from recent brain imaging studies. Brain Res Brain Res Rev
31:371-384

Iwazaki T, McGregor IS, Matsumoto I (2008) Protein expression profile in the amygdala of
rats with methamphetamine-induced behavioral sensitization. Neurosci Lett 435:113-119
Myin-Germeys I, Delespaul P, van Os J (2005) Behavioural sensitization to daily life stress
in psychosis. Psychol Med 35:733-741

Ritsner MS, Ratner Y, Gibel A, Weizman R (2007) Positive family history is associated with
persistent elevated emotional distress in schizophrenia: evidence from a 16-month follow-up
study. Psychiatry Res 153:217-223

Berger GE, Wood S, McGorry PD (2003) Incipient neurovulnerability and neuroprotection
in early psychosis. Psychopharmacol Bull 37:79-101

Rund BR (2009) Is schizophrenia a neurodegenerative disorder? Nord J Psychiatry 63:
196-201

Gross G, Huber G (2008) Schizophrenia: neurodevelopmental disorder or degenerative brain
process? Fortschr Neurol Psychiatr 1(Suppl 76):S57-S62

Rapoport JL, Giedd J, Kumra S et al (1997) Childhood-onset schizophrenia progressive
ventricular change during adolescence. Arch Gen Psychiatry 54:897-903

Pantelis C, Velakoulis D, McGorry PD et al (2003) Neuroanatomical abnormalities before
and after onset of psychosis: a cross-sectional and longitudinal MRI comparison. Lancet
361:281-288

Gur RE, Cowell P, Turetsky Bl et al (1998) A follow-up magnetic resonance imaging study
of schizophrenia relationship of neuroanatomical changes to clinical and neurobehavioral
measures. Arch Gen Psychiatry 55:145-152

Lieberman JA, Perkins D, Belger A et al (2001) The early stages of schizophrenia: spec-
ulations on pathogenesis, pathophysiology, and therapeutic approaches. Biol Psychiatry
50:884-897

Velakoulis D, Stuart GW, Wood SJ et al (2001) Selective bilateral hippocampal volume loss
in chronic schizophrenia. Biol Psychiatry 50:531-539

Mathalon DH, Sullivan EV, Lim KO, Pfefferbaum A (2001) Progressive brain volume
changes and the clinical course of schizophrenia in men: a longitudinal magnetic resonance
imaging study. Arch Gen Psychiatry 58:148-157

Takahashi T, Wood SJ, Yung AR et al (2009) Progressive gray matter reduction of the
superior temporal gyrus during transition to psychosis. Arch Gen Psychiatry 66:366-376
Thompson PM, Bartzokis G, Hayashi KM et al (2009) Time-lapse mapping of cortical
changes in schizophrenia with different treatments. Cereb Cortex 19:1107-1123

Knoll JLT, Garver DL, Ramberg JE et al (1998) Heterogeneity of the psychoses: is there a
neurodegenerative psychosis? Schizophr Bull 24:365-379

Andreasen NC, Carpenter WT Jr, Kane JM, Lasser RA, Marder SR, Weinberger DR (2005)
Remission in schizophrenia: proposed criteria and rationale for consensus. Am J Psychiatry
162:441-449

Opler MGA, Yang LH, Caleo S, Alberti P (2007) Statistical validation of the criteria
for symptom remission in schizophrenia: preliminary findings. BMC Psychiatry 7(35).
doi:10.1186/1471-244X~7-35

Sethuraman G, Taylor CC, Enerson M, Dunayevich E (2005) A retrospective comparison of
cumulative time spent in remission during treatment with olanzapine or risperidone among
patients with schizophrenia. Schizophr Res 79(2-3):337-340



112

125.

126.

127.

128.

129.

130.

131.

132.

133.
134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.
148.

M.S. Ritsner

Kissling W, Heres S, Lloyd K, Sacchetti E, Bouhours P, Medori R, Llorca PM (2005) Direct
transition to long-acting risperidone—analysis of long-term efficacy. J Psychopharmacol 19(5
Suppl):15-21

Guy W (ed) (1976) ECDEU assessment manual for psychopharmacology: publication ADM
76-338. Department of Health, Education, and Welfare, Washington, DC, pp 534-537
Leucht S, Kane JM, Kissling W, Hamann J, Etschel E, Engel RR (2005) What does the
PANSS mean? Schizophr Res 79(2-3):231-238

Leucht S, Kane JM, Etschel E, Kissling W, Hamann J, Engel RR (2006) Linking the PANSS,
BPRS, and CGI: clinical implications. Neuropsychopharmacology 31(10):2318-2325
Leucht S, Davis JM, Engel RR, Kissling W, Kane JM (2009) Definitions of response and
remission in schizophrenia: recommendations for their use and their presentation. Acta
Psychiatr Scand Suppl 438:7-14

Bush G, Fink M, Petrides G, Dowling F, Francis A, Catatonia I (1996) Rating scale and
standardized examination. Acta Psychiatr Scand 93(2):129-136

Andreasen NC (1989) The scale for the assessment of negative symptoms (SANS):
conceptual and theoretical foundations. Br J Psychiatry (Suppl 7):49-58

Addington D, Addington J, Matincka-Tyndale E (1992) Reliability and validity of a
depression rating scale for schizophrenics. Schizophr Res 6:201-208

Hamilton M (1960) A rating scale for depression. J Neurol Neurosurg Psychiatry 23:56-62
Bech P, Bolwig TG, Kramp P et al (1979) The Bech-Rafaelsen mania scale and the Hamilton
depression scale. Acta Psychiatr Scand 59:420-430

Altman EG, Hedeker DR, Janicak PG, Peterson JL, Davis JM (1994) The clinician-
administered rating scale for mania (CARS-M): development, reliability, and validity. Biol
Psychiatry 36(2):124-134

Yudofsky SC, Silver JM, Jackson W, Endicott J, Williams D (1986) The overt aggression
scale for the objective rating of verbal and physical aggression. Am J Psychiatry 143:35-39
Coccaro EF, Berman ME, Kavoussi RJ (1997) Assessment of life history of aggression:
development and psychometric characteristics. Psychiatry Res 73:147-157

McEvoy JP, Freter S, Everett G, Geller JL, Appelbaum PS, Apperson LJ, Roth L (1989)
Insight and the clinical outcome of schizophrenic patients. J Nerv Ment Dis 177:48-51
Amador XF, Strauss DH (1990) The scale to assess unawareness of mental disorders.
Columbia University and New York Psychiatric Institute, New York, NY

Amador X, Strauss D, Yale S, Gorman J (1991) Awareness of illness in schizophrenia.
Schizophr Bull 17:113-132

Amador XF, Flaum M, Andreasen NC, Strauss DH, Yale SA, Clark SC, Gorman JM (1994)
Awareness of illness in schizophrenia and schizoaffective and mood disorders. Arch Gen
Psychiatry 51:826-836

Robbins TW, James M, Owen AM, Sahakian BJ, McInnes L, Rabbitt P (1994) Cambridge
neuropsychological test automated battery (CANTAB): a factor analytic study of a large
sample of normal elderly volunteers. Dementia 5:266-281

Green MF, Nuechterlein KH, Gold JM et al (2004) Approaching a consensus cognitive bat-
tery for clinical trials in schizophrenia: the NIMH-MATRICS conference to select cognitive
domains and test criteria. Biol Psychiatry 56(5):301-307

Ritsner MS, Blumenkrantz H, Dubinsky T, Dwolatzky T (2006) The detection of neurocog-
nitive decline in schizophrenia using the mindstreams computerized cognitive test battery.
Schizophr Res 8(2):39-49

Endicott J, Nee J, Harrison W, Blumenthal R (1993) Quality of life enjoyment and
satisfaction questionnaire: a new measure. Psychopharmacol Bull 29(2):321-326

Heinrichs DW, Hanlon TE, Carpenter WT Jr (1984) The quality of life scale: an instrument
for rating the schizophrenic deficit syndrome. Schizophr Bull 1984(10):388-398

World Health Organization (1993) WHOQoL study protocol. WHO (MNH7PSF/93.9)
Murphy B, Herrman H, Hawthorne G, Pinzone T, Evert H (2000) Australian WHOQoL
instruments: user’s manual and interpretation guide. Australian WHOQoL Field Study
Centre, Melbourne



3 Toward a Multidimensional Continuum Model 113

149.

150.

151.
152.

Chouinard G, Ross-Chouinard A, AnnAnnable L (1980) Extrapyramidal symptom rating
scale. Can J Neurol Sci 7:233

Chouinard G, Margolese HC (2005) Manual for the extrapyramidal symptom rating scale
(ESRS). Schizophr Res 76:247-265

Barnes TR (1989) A rating scale for drug-induced akathisia. Br J Psychiatry 154:672-676
Simpson G, Angus MP (1990) Scale for assessment extrapyramidal side effects. Acta
Psychiatr Scand 92:266-269



Chapter 4
Irving Gottesman and the Schizophrenia
Spectrum

AKksel Bertelsen

Abstract Our knowledge of the genetics of schizophrenia and its borderlands is
heavily indebted to the research and writings of Irving Gottesman. In a twin study of
personality assessment in adolescents with the Minnesota Multiphasic Personality
Inventory (MMPI) begun in 1957 he demonstrated that certain traits were under
appreciable genetic influences. In a major twin study of schizophrenia with Shields
begun in 1962, using audio-taped interviews, including MMPI, and diagnosed by
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a cross-national panel of blinded judges, he demonstrated a strong genetic fac-
tor, suggesting a polygenic contribution to a multifactorial liability to the disorder.
In a study on the offspring of discordant twins he demonstrated that the genetic
risk was passed on from non-schizophrenic as well as from schizophrenic iden-
tical twins. Super-high-risk studies on the offspring of two schizophrenic parents
(2010) showed 4 times increased risk of schizophrenia compared to offspring of
only one schizophrenic parent and suggested some kind of genetic overlap with
bipolar disorder. In molecular genetics his concept of endophenotypes as interforms
between the genotype and its phenotypical manifestations, influenced by epigenetic
and environmental factors, have inspired a large number of research studies.

Keywords Schizophrenia - Schizophrenia spectrum - Schizoidia - Schizotypal
disorder - Twin-studies - Twin-offspring studies - Dual mating studies -
Endophenotypes

Abbreviations

MMPI Minnesota multiphasic personality inventory
ICD-10 International classification of diseases, 10th revision
DSM-IV  Diagnostic and statistical manual of mental disorders, fourth revision

Le hazard ne favorise que les esprits préparés (Louis Pasteur, 1822-1895)

Schizophrenia and the Schizophrenia Spectrum, including Schizotypal Disorder
(ICD-10) or Schizotypal Personality Disorder (DSM-IV), Schizo-affective Disorder
and Schizoid and Paranoid personality Disorder have, for the last century, been
among the main topics of research in psychiatric genetics, and Irving Gottesman
one of the persons who through the last half century has contributed significantly to
our knowledge in this field.

Early Career

Following graduate education [1], Gottesman 1956 began his training as clinical
psychologist at the University of Minnesota, which he selected because the train-
ing program was oriented towards biology, genetics and objective assessment of
personality, being the home of the Minnesota Multiphasic Personality Inventory,
MMPI [2]. For his dissertation he conducted a twin study of personality traits, using
the MMPI in adolescent MZ and DZ twins who were school children in the area.

Heritability of Personality
The Ph.D. dissertation: “The psychogenetics of personality”, 1960, was published as

a monograph: Heritability of Personality: a demonstration [3], but first in 1963, after
it had been rejected by the same journal as irrelevant to psychology. The twin study
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demonstrated significant hereditary components of variance for several MMPI per-
sonality dimension scales, particularly for the introversion and schizophrenia scales.
This indicated that psychopathology of the psychoses had a substantial genetic com-
ponent and that the MMPI might provide dimensional measures of traits observed
in patients with schizophrenia and in some of their near relatives, called “schizoids”
in early German genetic research. The work received considerable attention and
resulted in a travel grant to the Second International Congress on Human Genetics
in 1961 in Rome [1]. In Rome Gottesman was introduced to Franz Kallmann from
New York and Eliot Slater from London who both had performed major twin studies
on Schizophrenia [4, 5]. To Slater he happened to suggest the possibility of com-
ing to London as a postdoctoral fellow at Slater’s institute, which was met with
encouragement.

The Maudsley Twin Study on Schizophrenia

In 1963 Gottesman came to Slater’s Unit in Psychiatric Genetics — the “hut” — at the
Medical Research Council Institute of Psychiatry on a fulltime fellowship abroad
from the United State Public Health Service. He wanted to do a new twin study on
Schizophrenia, based upon the Maudsley twin register, systematically ascertained in
an unbiased manner from consecutive admissions to in- and outpatient services in
the Maudsley, Bethlem Royal and nearby hospitals. Slater arranged that Gottesman
came to work with James Shields, known from his renowned study on identical
twins reared apart [6]. Gottesman wanted to improve the methodology by using
the MMPI to get indicators of psychopathology and assess whether schizophrenic
personality traits or schizoidia were on a continuous dimension with schizophrenia.
He tape-recorded extensive semistructured interviews with the twins and presented
case summaries, MMPI profiles and verbatim transcripts of the interviews to a cross-
national panel of 6 diagnostic experts, leaving out information about zygosity and
proband/co-twin status to get diagnostic assessments in a blindfolded way. He was
in London for 1 year, came back the following year for 3 months and then every
year for 2-3 weeks to work with James Shields on the analysis and the writing of
papers and a book, which was published in 1972: Schizophrenia and Genetics: A
Twin Study Vantage Point [7].

Apart from probandwise concordance of 58% (15/26) in MZ and 12% (4/34)
in DZ twins of consensus among the 6 judges on a diagnosis of certain or prob-
able schizophrenia, the MMPI questionnaires, obtained from the majority of the
twins, showed presence of schizophrenia-like profiles in the concordant MZ and,
to a lesser degree, DZ twins confirming the diagnosis. In the discordant co-twins,
however, schizophrenia-like profile-scores were seen in only 3 DZ and in no MZ
co-twins, disappointing the hope of finding evidence of schizoid personality traits
in the discordant twins. More support was forthcoming from the blindfolded evalua-
tion by another judge, not part of the 6 judge panel, Erik Essen-Moller from Sweden,
known for his Swedish twin-study of schizophrenia [8, 9] and for his special interest
in personality theory and the concept of schizoidia [10]. He coded 12 MZ probands
and 7 of their co-twins as “true schizophrenia”, further 2 co-twins as “possible
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schizophrenia”, and every one of the remaining co-twins as having characterolo-
gical abnormalities of a schizoid kind. In the DZ twins he coded 19 probands and
2 co-twins as schizophrenia and further one co-twin with a schizophrenia-related
personality.

The findings from the Maudsley twin study led Gottesman and Shields to genetic
theorizing. Inspired by Douglas Falconer’s multifactorial polygenic threshold model
for diabetes and other common diseases [11], they improved the model into a
diathesis-stress model with a “multifactorial” liability to schizophrenia, considered
to be a continuously distributed variable determined by both genes and environment
such that only those individuals whose liability exceeds a certain threshold value
will manifest the disorder. Just below the threshold they expected to find a zone of
schizophrenia spectrum disorders but with unknown lower border, if any, towards
normality [7]. Theodore Reich and his colleagues [12] have extended the model to
include two or more thresholds, for milder and more severe forms. Later, together
with Peter McGuffin and Ann Farmer, Gottesman analyzed subdivisions of the twin
data to look for quantitative and also qualitative differences, not finding evidence
for the latter [13].

The Schizoidia Concept

Through the following years the schizoidia-related findings from the twin-study
were analyzed in articles [14-16], discussing the concept of schizoidia, together
with Shields and Leonard Heston, who also had been to Slater’s institute in London
and had performed the first adoption study in schizophrenia on adopted away chil-
dren of schizophrenic mothers [17]. They discussed whether the concept implied a
phenotypic resemblance and a genotypic connection to schizophrenia.

For semantic clarification they listed four uses of the term “schizoid”:
(1) Resembling schizophrenia, but not implying genetic connection to it, as used
in “schizoid personality”, meaning shy, sensitive, aloof or eccentric, shading into
the normal, possibly extended to include paranoid personality and maybe also high
MMPI scores on the schizophrenia scale. (2) For any disorders occurring in co-twins
and other relatives of schizophrenics, whether resembling schizophrenia or not and
whether occurring more frequently in families of schizophrenics than of controls.
No genetic connection to schizophrenia is implied. (3) For disorders belonging to a
class found more often among relatives of schizophrenics than of controls, whether
occurring among relatives of schizophrenics or not. (4) For a diagnosis or behav-
ioral traits genotypically related to schizophrenia to indicate a probable carrier of a
high-risk genotype.

Disorders broadly resembling schizophrenia, schizoids and other spectrum dis-
orders, occurring in co-twins and other relatives of schizophrenics and found more
often among relatives of schizophrenics than of controls were suggested to be the
most probable candidates for carriers of a schizophrenia genotype. Future twin
and family studies on the relatives of probands with such disorders could possibly
confirm their candidature.
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Applied to the findings in the Maudsley twin study [14—16], they tried to step-
wise add co-twins with other disorders resembling schizophrenia, Essen-Moller’s
schizoid characters, and those with high MMPI schizoid profiles, to the concordant
co-twins. This, however, by each step raised both the MZ and DZ concordance rates
and diminished the ratio of the rates as an indicator of “biological specificity”. These
co-twins therefore probably were not carriers of the genotype.

In Denmark 1972-1973: The Twin Study on Criminality

In 1972 Irving Gottesman won a Guggenheim Fellowship and went to Denmark for
1 year as a guest researcher at the Psychological Institute at Kommunehospitalet
in Copenhagen [1]. Here Sarnoff Mednick and Fini Schulsinger and their team
worked on high risk studies in children and on adoption studies with Seymour
Kety and David Rosenthal, defining Schizotypal Disorder [18] and redefining the
schizophrenia spectrum [19]. Denmark was an ideal country for epidemiological
genetic research because of the existence of effective national registers, such as the
Central Person Register with individual person-numbers for every inhabitant, the
Central Psychiatric Register going back to 1920 [20], the Danish Twin Register, the
Danish Adoption Register, the Police Register, and the Register of Causes of Death.
At the institute Gottesman came to work with a Danish criminologist, Karl Otto
Christiansen, on a twin study of criminality, which they did not finish because of
Christiansen’s death, so that only part of it has been published [21].

The Danish Dual Mating Study

During this visit he initiated a dual mating study of mental disorders in the offspring
of parents who both had been psychiatric inpatients, together with Margit Fischer
at the Institute of Psychiatric Demography in Arhus. He had met her at a previous
visit to Erik Stromgren in Arhus, where she was working at a Danish twin study of
schizophrenia [22]. Over the following decade Margit Fischer sorted out data from
the cards in the central psychiatric register containing information about admissions
of spouses, children and other relatives, and she obtained and scrutinized their hos-
pital records for diagnostic information. After her untimely death in 1983 the author
of this chapter was asked to take over her part of the project. A sample of 139 par-
ent couples with a total of 378 children were identified. Various diagnostic parent
combinations produced subgroups with offspring for evaluation of morbidity risk of
same or similar disorders, but numbers were too low for statistical analysis [23].
There were no offspring of parent couples with one or both parents with schizoid
or paranoid personalities. Of interest for schizophrenia spectrum disorders were
the offspring of parents with reactive psychosis. According to the Scandinavian
concept of psychogenic psychoses they were psychoses with acute onset as a reac-
tion to a traumatic event, good prognosis and affective, confusional, paranoid or
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schizophrenia-like symptomatology. Among the four children of two parent-couples
both with reactive psychosis there were no mental disorders. Among 14 children of
5 couples with reactive psychosis versus schizophrenia was one child with probable
schizophrenia resulting in a morbidity risk of 10%, which is no higher than found
in children of one schizophrenic parent, suggesting that reactive psychoses did not
contribute genetic liability factors to schizophrenia [23].

The Professorships and the Books

Gottesman returned to Minneapolis in 1973, where he had worked since 1966 at the
University of Minnesota as professor at the Departments of Psychology, Psychiatry
and Genetics and director of the Behavioral Genetics Center. From 1980 to 1985
he served at Washington University School of Medicine in St. Louis as Professor
of Psychiatric Genetics at the Departments of Psychiatry, and of Genetics and Cell
Biology. From 1985 he worked as professor of psychology and of clinical pedi-
atrics (medical genetics) at the University of Virginia in Charlottesville. Following
his retirement in 2001 he moved back to Minneapolis, where he took up semire-
tired work as Bernstein Professor in Adult Psychiatry and as Senior Fellow in
Psychology at the University of Minnesota. As professor he mentored 36 doctoral
students through their dissertations and 7 postdoctoral students. He was consul-
tant on the New York high-risk prospective projects on children of schizophrenic
parents, led by Erlenmeyer-Kimling and her group [24] and to a study on environ-
mental and biological factors in identical twins by Fuller Torrey [25], in which no
evidence of spectrum sub-threshold schizophrenia was revealed by a personality
questionnaire in 22 non-schizophrenic co-twins. Gottesman authored or coauthored
quite a number of articles and book chapters and with about 10 years interval he
produced or co-produced three books of major importance: In 1982 together with
Shields: “Schizophrenia. The Epigenetic Puzzle” which has become the source-
and handbook of schizophrenia genetics [26]. In 1991 “Schizophrenia Genesis.
The Origins of Madness”, with updated information and written for a wider audi-
ence [27], and in 2002 (updated in 2004) “Psychiatric Genetics and Genomics”
together with Peter McGuffin and Michael Owen [28], the successor to the classic
Slater and Cowie book on psychiatric genetics [29]. Through all these years he trav-
eled abroad to meetings and conferences, also paying annual visits to London and
Denmark.

The Discordant Twins’ Offspring Study

In the mid-1980s Gottesman took the initiative to do a follow-up study of the mor-
bidity risk in the offspring of the discordant twins in the late Margit Fischer’s
Danish twin study on Schizophrenia, assisted by the present author as his Danish
partner. She had provided morbidity risk figures for the MZ schizophrenic and
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non-schizophrenic twins of about the same size, but not for the DZ twins [30]. Now
18 years later it was possible to include the DZ twins in a register- and record-
based follow up study, with a proper statistical evaluation of the observed difference
between the risks in the offspring of the non-schizophrenic MZ and DZ twins. The
morbidity risk of ICD-8/9 schizophrenia and schizophrenia-like disorders in the
offspring of the schizophrenic and the non-schizophrenic MZ twins were of the
same magnitude, 16.8 and 17.1%, respectively, and the same as in the offspring
of the schizophrenic DZ twins of 17.4%. This is about the same as usually found
in children with one schizophrenic parent. The risk in the offspring of the non-
schizophrenic DZ twins was only 2.1%, significantly different from the 17.1% in
the offspring of the non-schizophrenic MZ twins, and on a level expected in second-
degree relatives of schizophrenics, which they actually are being nephews or nieces
of the schizophrenic twins. The results confirmed that unexpressed genotypes may
be transmitted to the next generation and further demonstrated that schizophrenia
non-genetic phenocopies did not occur to a substantial degree to discourage molec-
ular genetics research. The paper was published in 1989 [31] and was awarded by
the Kurt Schneider Prize, first time given to other than German scientists.

The New Dual Mating Study

During the last 20-30 years it has been increasingly difficult to do studies based
on personal interviews because of diminished willingness in the population to
take part and changed attitudes to medical science and registration, threatening
the use and even the existence of registers, particularly the psychiatric registers,
which in some countries had to close down. In Denmark they survived because
of their obvious utility for medical statistics and research, although reduced to
person identification data and more or less reliable or valid coded diagnoses for
in-patient, and from 1995, also out-patient admissions. It became easier to cross-
check the registers again in a way that did not reveal person-identifiable data and
this opened the possibility for register-based studies. In collaboration with pro-
fessor Preben Bo Mortensen at the National Centre for Register-based Research
at the University of Arhus, Denmark, Irving Gottesman in 2005 took up a new
register-based Dual Mating study [32] on a population-based cohort of 2.7 mil-
lion persons. The study was limited to the most reliable register diagnoses of
Schizophrenia and Bipolar Affective Disorder in parents and offspring, for the off-
spring also of schizophrenia-related disorders to cover the schizophrenia spectrum
and of Unipolar Affective Disorder. The schizophrenia-related disorder diagnoses
included ICD-10 Schizotypal Disorder, Delusional Disorder, Acute and Transient
psychotic Disorders, Schizoaffective Disorders, Schizoid and Paranoid Personality
Disorders, and their corresponding diagnoses in ICD-8. The risk in the offspring
was calculated as cumulative incidence up to age 52, that is, differently from the
way morbidity risk was calculated in the earlier literature and only roughly compa-
rable after arithmetical conversion. The results were published in 2010. The risk of
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admission with a diagnosis of schizophrenia in 270 offspring of 196 parent couples
with both parents admitted with a diagnosis of schizophrenia was 27%, increasing
to 39% when schizophrenia-related disorders in offspring were included. For com-
parison we also calculated corresponding risks in offspring of couples with only
one and with no parent ever admitted, with cumulated incidences of 7 and 0.86%,
respectively. For Bipolar Disorder the corresponding incidences were 25% in 146
offspring of 83 parent couples with Bipolar Disorder diagnosis, increasing to 36%
when Unipolar Disorder diagnosis in offspring was included. With only one and
with no parent ever admitted the figures were 4.4 and 0.48%, respectively. Converted
to morbidity risk figures they are of about the same magnitude as earlier results from
literature [21]. The incidences of Schizophrenia and Bipolar Disorder in offspring
of couples with one parent with schizophrenia and the other parent with bipolar dis-
order were 16 and 12%, respectively, suggesting a genetic relationship of some kind
between the two disorders.

A diagnosis of Schizophrenia is thus seen to also predispose to schizophrenia-
related disorders. It would have been of interest to see if and to which degree
schizophrenia-related disorders predisposed to a diagnosis of schizophrenia. Here,
however, we left the results unpublished because of inconclusive findings. Even if
the incidence of schizophrenia was modestly raised in offspring of couples with
only one parent ever admitted with a diagnosis of schizophrenia-related disorders
compared to no parents ever admitted, it did not separate out markedly from corre-
sponding figures in offspring with only one parent ever admitted with a diagnosis
from almost any other diagnostic group, thus more or less drowning in the “noise”
from less reliable diagnoses.

Endophenotypes

The failure to identify schizoid or other spectrum disorders as carriers of the
genotype in the non-schizophrenic twins in the Maudsley twin study motivated
Gottesman and Shields to introduce the concept of endophenotypes into psychi-
atry [7], adapted from insect biology in a paper by John and Lewis from 1966
[33], as a distinction between the externally visible exophenotype and the internal
endophenotype, not visible to the naked eye without aid. The term was intro-
duced to specify intermediate or intervening variables mediating the chain of events
in the complex pathway between the genes and the psychiatric symptoms under
epigenetic, environmental and stochastic influences. The identification of endophe-
notypes conferring vulnerability to psychiatric illness may point to etiological or
pathogenetic models important for focused treatment. Along with the growing
number of molecular-genetic investigations there has been an increased interest
in research on endophenotypes, epigenetic and environmental factors, a research
mixture in which Gottesman has been active, visionary and inspiring, coauthor-
ing papers and reviews on the topic with the aim of resolving etiological questions
particularly of schizophrenia and the schizophrenia spectrum [34-37].
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Recognition

For more than 50 years Irving Gottesman has been a leading figure in psychi-
atric, especially schizophrenia genetics. He is an Honorary Fellow of the Royal
College of Psychiatrists (London) and for his achievements he has received a
number of well-deserved awards, including the Stanley Dean Research Award
for Contributions to Schizophrenia Research 1988; the International Society for
Psychiatric Genetics “Lifetime Achievement Award in Psychiatric genetics” 1997;
the Society for Research in Psychopathology “Joseph Zubin Award, Lifetime contri-
butions to psychopathology” 2001; and more recently the American Psychological
Foundation Gold Medal for Life Achievement in the Science of Psychology 2007
and the NARSAD Lieber Prize for Outstanding Achievement in Schizophrenia
Research 2008. The author of these lines gratefully appreciates the good luck and
happy fortune to have had the privilege to have Irving as his mentor and friend for
the last more than 30 years.
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Chapter 5

Schizotypy: Reflections on the Bridge

to Schizophrenia and Obstacles on the Road
Ahead to Etiology and Pathogenesis

Mark F. Lenzenweger

Abstract Abundant empirical data, drawn from a variety of methodologies and at
different levels of analysis, support a robust connection between schizotypic psy-
chopathology and the underlying liability for schizophrenia. This liability is termed
schizotypy and represents a unifying latent construct that gives rise to both psy-
chopathologies. Schizotypy can manifest itself in a variety of forms ranging from
flagrant schizophrenia through less conspicuous schizotypic conditions to nearly
silent manifestations known as endophenotypes, which can be detected only with
properly sensitive technologies. Therein lies the power and research potential of the
study of schizotypic psychopathology, namely it offers a window on schizophre-
nia liability (schizotypy). This window is particularly useful as it provides a view
of liability uncontaminated by factors such as deterioration, medication sequelae,
and institutionalization effects. However, the major stumbling block in the road
ahead for schizotypy research, at all levels of analysis, is the problem of hetero-
geneity. Heterogeneity is observed across symptom pictures, performance patterns
on laboratory tasks, longitudinal course, and, probably, at the level of genetic inputs
as well. In order to advance our understanding of schizophrenia, schizotypic psy-
chopathology, and all manner of endophenotypes the issue of heterogeneity must
be confronted and resolved in a principled manner. A cautionary discussion of
neuroimaging and its utility for advancing our understanding of the etiology and
pathogenesis of schizophrenia and related pathologies provides a vantage point from
which to view the promise of any one method in terms of resolving power. Finally,
a discussion of the highly problematic, yet age-old, problem of rating approaches to
measurement in psychopathology research and the value of the counting, ratio-scale
approach is highlighted.
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Schizotypy research is entering its second century, building steadily upon the early
observations of Kraepelin [1] and Bleuler [2], the prescient clinical observations of
Rado [3], the seminal theoretical model of Meehl [4, 5] (see also [6]), and the emer-
gence of the powerful endophenotype model of Gottesman [7, 8], which emerged
from the genetic approach to schizophrenia (see [9] for extensive discussion).
Advances in schizotypy research have largely been fostered by the experimental
psychopathology approach, pioneered by Maher [10, 11] (see also [12, 13]) and
exemplified in the work of many research psychopathologists, that seeks to bring the
powerful methods of the experimental psychology laboratory to bear upon questions
of etiology and pathogenesis in psychopathology [9].

Abundant empirical data, drawn from a variety of methodologies and at different
levels of analysis, support a robust connection between schizotypic psychopathol-
ogy and the underlying liability for schizophrenia [9, 12, 14, 15]. This liability
is termed schizotypy and represents a unifying latent construct that gives rise to
both schizophrenia-related psychopathologies and deviance on selected labora-
tory measures of neurocognitive and personality functioning. Thus, schizotypy can
manifest itself in a variety of forms ranging from flagrant schizophrenia through
less conspicuous schizotypic conditions to nearly silent manifestations known as
endophenotypes [7], which can be detected only with properly sensitive technolo-
gies. Therein lies the power and research potential of the study of schizotypic
psychopathology, namely it offers a window on schizophrenia liability (schizotypy).
This window is particularly useful as it provides a view of liability uncontami-
nated by factors such as deterioration, medication sequelae, and institutionalization
effects.

Despite the progress made and the evident scientific value of the schizotypy
model as well as the power of the experimental laboratory, many challenging con-
ceptual and methodological issues have been with us for some time in the study of
schizotypy and schizophrenia — most notably the issues of heterogeneity, measure-
ment scaling — and we are confronted with considerations of the best way to use
new, emerging research technologies — such as neuroimaging. The age-old dilem-
mas of heterogeneity and measurement questions in concert with questions over
new methods and the leverage they offer (or do not offer) conspire to limit the rate
of progress in schizotypy and schizophrenia research. Critically, these challenges
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are not going to go away any time soon. These substantive and methodological
challenges will need to be confronted and surmounted to move our scientific under-
standing of schizotypy and schizophrenia forward. In this chapter, drawing upon
my earlier discussion [9], in this chapter I share my reflections on several selected
issues in the experimental psychopathology study of schizotypy and schizophrenia
and, more importantly, the road ahead.

Where are we in schizotypy research? Where are we going in the experimental
psychopathology of schizotypy? Much of this literature strongly suggests a con-
nection between schizotypic psychopathology, schizophrenia and, importantly, the
genetic liability for schizophrenia [9]. However, two questions frequently arise,
either explicity or implicitly when one considers the road ahead for schizotypy
research. First, will research into the fundamental nature of schizotypy become
the purview for geneticists only? The short answer is, of course, No. This is so
simply because the methodological and conceptual framework that will profitably
link the liability for schizophrenia to measureable entities will rely heavily on
laboratory methods for the study of neurocognition, social information process-
ing, and other biobehavioral processes within an endophenotype model [7-9, 16].
Will the study of schizotypy, schizophrenia spectrum disorders, and schizophrenia
proper it become the purview of neuroimagers only? Clearly, the answer is also,
No. This is so because neuroimaging itself, as a research method, is hobbled by
noteworthy limitations that will constrain the inferences that can be drawn from
data gathered using these techniques and, most importantly, the best neuroimaging
work will require the development of creative psychological and neuropsycholog-
ical tasks within an interactive neurocircuitry model. Perhaps the most important
thing for a contemporary student or aspiring psychopathologist interested in the
study of schizotypy and schizotypic psychopathology to keep in mind is that no
single method is going to take us home to the discovery of what has caused schizo-
typy, schizotypic psychopathology, and schizophrenia. It might be helpful to re-read
the prior sentence. I say this as each of many research methods are discussed in
this volume as well as many other recent works in this area has many enthusi-
astic proponents, each with one or two vibrant proponents hoping to mount the
podium in Stockholm to claim their prize. Thus, the discovery process in illumi-
nating the etiology and pathogenesis of schizotypy and schizophrenia will not be
found solely in genomics, neuroimaging, psychophysiology, or advanced statistical
analyses. To solve this scientific problem we will need to break down boundaries,
work together, and share our methods and our different talents with one another.
The role to be played by experimental psychopathology in this ongoing scientific
saga will be substantial. One sees evidence of the critical role for the experimen-
tal psychopathologist already as geneticists and neuroimagers seek to incorporate
the probes, tasks, and protocols developed in the experimental psychology and psy-
chopathology laboratory into their research. To wit, observe the number of research
projects that now include neurocognitive endophenotypes, which have been devel-
oped in the experimental psychopathology laboratory, particularly in the study of
schizotypy, schizotypic psychopathology, schizophrenia spectrum conditions, and
schizophrenia.
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Reactions

Schizotypic Pathology/Schizophrenia Connection: Considering
the “Damn Strange Coincidence” Argument

Some years ago I gave a colloquium on schizotypy at a reputable research institu-
tion. I presented a detailed overview of a number of studies from my laboratory,
some of which are discussed in this book, and arrayed the final set of findings
across a wide domain for schizotypic psychopathology (as an indication of schizo-
typy) next to findings for schizophrenia in the same domains. I pointed out that we
had found deficits in the following areas — sustained attention, abstraction ability,
working memory, attentional inhibition, smooth pursuit eye movement, antisaccade
performance, thought disorder, MMPI Personality/Psychopathology, motor perfor-
mance, somatosensory processing — for schizotypes and the same pattern had been
found among schizophrenia patients [9, 12]. I argued that these empirical planks,
in toto, built a compelling bridge between schizotypic deviance and schizophrenia
deviance in the same domains, pointing to a possible common underlying liabil-
ity (i.e., schizotypy). To my surprise, one member of the audience — a seemingly
earnest fellow — asked me “couldn’t the consistency of your findings for schizotypy
and schizophrenia all be a big coincidence?” I thought for a moment and responded,
“Are you advocating that the schizotypy model — the theoretical infrastructure under-
lying this program of work — has no truth value?”” He responded, “Well, maybe, I'm
not sure, actually, I am thinking, couldn’t it be a coincidence?”” I wondered out loud
“Sort of like, the possibility that the NASA Apollo 11 crew had no real idea where
they were going and the systems heaped together in the Saturn V command-service
modules were really not assembled in a manner so as to actually function efficiently
and in an integrated fashion, but they got to the moon just the same?”” He responded,
“Well, maybe, I guess that is possible.” “That would be a damn strange coincidence
don’t you think,” I asked.!

Wesley C. Salmon, the late University of Pittsburgh philosopher of science and
student of philosopher Hans Reichenbach, argued that if a theory, model, or pro-
posal has no truth value, nothing going for it, or low to no verisimilitude,” then
a set of results that array themselves in such a manner as consistent with what
a theory predicts is what he termed a “damn strange coincidence” [17] (see also
[5]). Bringing this down to earth, if schizotypic psychopathology has nothing to
do with schizophrenia and the theoretical argument suggesting the latent construct
“schizotypy” underlies both domains of psychopathology is essentially bogus, then
how else can we explain the remarkable congruence between research findings for

! This question was posed in an earnest manner by the audience member. This moment during a
research presentation puts me in mind of how I have felt when some people at clinical presentations
still wonder if schizophrenia is “just a label,” or “a myth,” or “a sane reaction to an insane world.”
2 The degree of truth value or verisimilitude possessed by a theory or model can vary in a
quantitative fashion, it need not be regarded as an “all-or-none” proposition.
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schizotypic pathology and schizophrenia other than consider it a “damn strange
coincidence.” If the theory has low validity, then the array of findings we have
discovered across schizotypic pathology and schizophrenia would be antecedently
improbable — which means not likely from the get-go — and we would have no way
of explaining the patterning of results, other than to throw up our hands and say
it was a “damn strange coincidence.” As scientists, we generally do not subscribe
to the damn strange coincidence [17] (see also [5]) model of scientific explana-
tion. That the notion of a latent construct of schizotypy (aka schizophrenia liability)
has something going for it and helps to explain the congruence of findings across a
diverse set of domains for schizotypic psychopathology/personality and schizophre-
nia strikes me as well supported at this point in experimental psychopathology. Did
the astronauts on the Apollo 11 mission make it to the moon by virtue of a big
coincidence — probably not.

Leverage Gained with the Schizotypy Model

It is reasonable question to ask is “what leverage is gained on schizophrenia by
working within the schizotypy model as proposed here?” The leverage provided
is considerable. First, empirical research has now built enough bridges between
the schizotypic psychopathology/personality phenotype and schizophrenia to view
the former as an alternative expression of a common underlying schizophrenia lia-
bility. I argued this theoretical position explicitly in 1998 [12] and I believe the
data continue to grow to support the validity of both the bridges and the alterna-
tive expression assumption [9]. Secondly, given that the schizotype — as a unit of
analysis — genuinely has rarely come to the attention of clinicians and, therefore,
conventional treatments of any sort,3 the schizotype does indeed represent a rela-
tively pure culture case of expressed schizophrenia liability, albeit in dilute form.
Thus, if one wants to study basic neurocognitive processes, neural circuitry, and so
forth uncontaminated by clinical illness, medication, and deterioration, the schizo-
type truly represents an elegant window for such exploration. Thirdly, inclusion of
the schizotype as a schizophrenia-related phenotype in contemporary genetic and
genomic investigations clearly increases the statistical power of such investigations.
On this theme, it probably also provides a more accurately devised net, by which
one can find polymorphisms of interest — in other words, an expanded phenotype
(which includes schizotypic psychopathology) probably has greater construct valid-
ity. Finally, but by no means least important, the use of the schizotypy model to

3 This is not to say that some schizotypes, like others, have not sought out alternative “new age”
therapies (e.g., Integrated Energy Therapy, Rebirthing Therapy) outside the bounds of conventional
clinical psychology and psychiatry. I raise this point as, on occasion, clinicians (myself) included
will learn from schizotypes during the course of an evaluation that they have tried any number
of alternative approaches to dealing with their intense ambivalence, diminished hedonic capacity,
interpersonal aversiveness, and transient cognitive confusion before seeking out more traditional
help.
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organize research in the area of schizophrenia liability, genetics, and so forth is
helpful [9, 14]. By placing bets, guided by a model, we are in a better position to
create testable and, hopefully, falsifiable conjectures in our scientific work and be
able to allow our search for consistencies in results to be reasonably circumscribed.

Reflections

Neuroimaging and Schizotypy/Schizophrenia: Selling
Bridges v. Building Them. Where Are We, Are You Sure?*

We are now in a most fortunate position in psychological science generally, and
in experimental psychopathology in particular, with respect to the tools at our dis-
posal. Foremost among the newly developed tools are the various neuroimaging
methodologies (PET, SPECT, fMRI, MEG, DTI) for use in imaging the structure
and functioning living and active brain. Neuroimaging has come to occupy the
energies and interests of any number of experimental psychopathologists (as well
as absorbed untold grant funding dollars). However, at the end of the day as of
2011, the insights gained from neuroimaging in schizophrenia and schizotypy can
be described as modest without denying their importance in a few specific areas
(e.g., illumination of the actively hallucinating brain [18]). This view is based on two
major considerations (a) we are not appreciably much closer to understanding the
origins and development of schizophrenia now as compared to the pre-neuroimaging
period® and (b) neuroimaging, in the opinion of some, has contributed little to the
diagnosis and treatment of schizophrenia. Admittedly, the latter point is a tall order
to fill in schizophrenia no matter how one slices the pie as one could level this crit-
icism at many laboratory explorations of schizotypy and schizophrenia. However,
one hears this criticism at a higher volume for imaging work, probably due, in part,
to the considerable resources expended.

Today’s students often display a rather knee-jerk proclivity to ask “has any-
one done an imaging study of that?” This tendency typically diminishes over the
semester as that question is normally met with a counter-question posed by yours
truly of “Why would you want to do that?” followed simply by “and therefore?” My
students have usually learned (or, at least, I hope they have learned) that neuroimag-
ing is a new fool — and a rather glitzy one at that — but it does not represent the key

4 Lest I be accused of castrative intent vis a vis neuroimaging, I would like to go on record as being
generally supportive of the enterprise. I have been part of exciting research projects where neu-
roimaging has played an important role and seen the methodology complement existing research
approaches.

5 Advances in the neurobiology of the illness have been made. Consider the elegant model devel-
opment of on the tonic and phasic components of the dopaminergic aspects of the pathology.
Consider also the fruitful work on glutamatergic-mediated systems in relation to schizophrenia
symptomatology.
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to the psychological science knowledge kingdom.® Encouraging students to adopt a
critical attitude toward neuroimaging is challenging at times, especially when they
are bombarded by reports in the lay media (e.g., The New Yorker, The New York
Times) regarding this and that new finding — “where jealousy or virtue lives in the
brain” or “what men’s brains want from women.” Imaging is even being sold as a
tool in political consulting (“here’s a Republican’s brain, now there’s a Democrat’s
brain”). The presence of colorful depictions of statistical comparisons of changes in
blood flow activation are also appealing to many as they can create, for some, the
illusion of certainty in understanding neuronal activity.’

There are several forms of neuroimaging (PET, fMRI, DTI, MEG, and so on),
none can claim to be superior to the other in all cases, yet all seek to character-
ize behavior (e.g., psychopathology) from what is essentially a biological (within
the person) level of analysis. Will we explain schizotypy or schizophrenia from one
level of analysis — I think not. Albeit something of a truism, it is important to remem-
ber that complicated phenomena such as schizotypy, schizophrenia, or, generally,
psychopathology will not be illuminated or understood from one model, theoretical
perspective, methodological technique, disposition, or level of analysis [9, 19-22].

To be clear neuroimaging methodology is very impressive and, in the right hands,
can be used to begin to gain leverage on some important questions, within con-
straints related to speed and resolution. There is also no doubt that neuroimaging
“sells.” Ask any member of an NIMH Study Section where grant proposal appli-
cations undergo “peer review” if the presence or absence of neuroimaging makes a
difference in how an application is viewed. It is not uncommon for reviewers to sug-
gest (almost insist) that investigators consider adding a neuroimaging component to
their applications upon revision. Why is this? Consider the following experiments

6 Some long-time and sophisticated observers of scientific psychopathology research, who have
watched new technologies come and go, view neuroimaging with considerable caution as to its
ultimate value in resolving important questions in schizophrenia and schizotypy. While I do not
align myself with this view, one of my colleagues describes neuroimaging as the “new phrenol-
ogy.” Phrenology, which emerged in the nineteenth century, describes a (pseudoscientific) view,
advocated by Franz Gall (1758-1828), that the contours, bumps, and shapes on someone’s skull
provided tell-tale signs regarding personality and psychopathology, ostensibly enabling one to
make important clinical predictions for a person. Needless to say, phrenology faded from the scene
due to its lack of validity. Phrenology argued (indirectly) that the brain (in the head) had mean-
ingful connections to thought, emotion, and behavior, but it left the tracks in a major way when
the bumps on the head told the story. Only time will tell if neuroimaging technology genuinely
advances our understanding of schizophrenia and schizotypy. We may (or may not) move beyond
neuroimaging methods only to look back and see all of it as something of a distraction.

7 The view on the attractive colorful images is not simply my own. Consider the following, by
recognized experts, “Despite the language used to discuss them, the brain images display in sci-
entific publications and in the popular press are not representations of changes in brain neuronal
activity or areas of “activation,” or even the magnitude of the BOLD signal. Rather, the images are
computer-generated, color-coded “maps” of statistically significant comparisons. It is important to
stress that the finding of statistically significant differences and a measured change in the actual
magnitude of the signal acquired are not necessarily interchangeable ([24], p. 807).” To be sure,
numbers and data can fool us as well if we are not alert to their impact on our decisions.
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done recently by a Yale psychology graduate student Deena Skolnick Weisberg and
her colleagues that appeared in the distinguished Journal of Cognitive Neuroscience
titled “The seductive allure of neuroscience explanations” [23]. In the first of a
clever triad of experiments, she found that scientific explanations that contained
neuroscience information (i.e., neuroimaging-based information) were rated as sig-
nificantly more satisfying than the same basic explanation without such information
by novice subjects without a neuroscience background. In the second experiment,
Weisberg et al. [23] found that even students in a neuroscience course, where critical
evaluation skills were being taught, rated neuroscience-laden explanations as more
satisfying than those without such information. Finally, in a third experiment, she
[23] found that neuroscience experts were not unduly swayed in their views of sci-
entific explanations whether or not neuroscience information was contained therein.
These latter data are both somewhat comforting and discomforting. It is comforting
that neuroscience experts should be able to read explanations of scientific results in
a manner that is appropriately appreciative of what neuroscience information adds
(or does not add) to such explanations. These results are discomforting in that the
vast majority of the people in psychological science are not neuroscience experts,
which includes the vast majority of members of study section review panels and ad
hoc reviewers of journal manuscripts.®

In pondering neuroimaging and what it can (and cannot) tell us I think we should
consider four basic questions. The first, in simple terms, where and how quickly
does the interesting stuff happen in the brain? Answer: It happens at the levels
of inter- and intra-cellular transmission and it occurs at very high speeds. Those
researchers that conduct single cell recordings are well aware of the high speed at
which information is moved through neural pathways (events occur quickly in the
brain, typically within milliseconds). This raises the question — to what extent can
neuroimaging capture the events we want to see? Is it fast enough to capture events
as they happen? Given that events happen at the level of single cells and networks of
cells, one must ask is neuroimaging fine-grained enough to capture the picture we
want to capture (or, perhaps, is it too coarse). Are the temporal resolution and spa-
tial resolution of the methods sensitive enough for the study of in vivo brain-based
psychological processes? Consider the following analogy: If the brain process or
event we want to see represents a pea in magnitude or activity level, yet neuroimag-
ing can only resolve to an expanse of a six-lane highway, will we see the pea?
Moreover, if it can only generate results for what happened six exits ago (the hemo-
dynamic response that follows the neuronal event by 2,000 ms) on the highway as
the pea-sized car (i.e., the signal) travels along at very high speeds, does it capture
the pea when we really want to image it (i.e., in real time)? We must confront the
issue of speed and resolution in neuroimaging vis a vis what we really want to see
(or understand).

8 Another caveat to prudent interpretation concerns the rather large correlations between variables
that are often reported in neuroimaging studies. Correlations of a magnitude rarely seen in scientific
psychology (e.g., ’s >0.70 or 0.80) and, so large, that some refer to them as “voodoo correlations.”
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The second question is “what does the cognitive neuroscientist really see when
he/she considers what the fMRI signal taps into?” A useful perspective is provided
by Fitzpatrick and Rothman [24]:

Cognitive neuroscientists, particularly those not actively engaged in fMRI research, when
asked the question “what does the fMRI signal measure?”” often answer (in decreasing order
of frequency and increasing order of accuracy): regional neuronal activity, then incremental
changes in regional neuronal activity, and finally, incremental changes in regional cerebral
blood flow. None of these descriptions is completely accurate. An MR physicist would
describe the most popular fMRI method, blood oxygen level-dependent (BOLD) imaging,
as measure the change in the intensity of the nuclear MR signal due to changes in the
transverse relaxation time of the protons of water molecules in the blood and brain tissue as
a result of changes in hemoglobin oxygenation and blood volume. The difference signal is
referred to as having BOLD contrast (p. 806).

Therefore, it is essential to understand the fMRI is a method that measures changes
in hemodynamic events in the brain — it does not measure neuronal activity in a
direct manner. Rather it is only by inference that a neuroimager can make states
linking changes in such hemodynamic events and nearby brain tissue (areas). The
operative word in the prior sentence is inference. Thus, bringing psychological
meaning to the statistical comparisons conducted in the analysis of the neuroimag-
ing data is no mean task. This chore, however, is not unique to brain imaging. For
example, when a child is asked to wait for an adult to return to a room in order to
get a special treat vs. summoning the adult back to the room and receiving a lesser
quality treat, one child will oblige and wait for the adult to return whereas another
will summon the adult to return. We could measure the amount of time it takes until
any given summons an adult (or does not summon). This dependent variable — the
amount of time — then needs to be understood psychologically. What this means is
that we have to infer what it means. Does it mean “delay of gratification” and “good
ego control” (one possible interpretation, see Mischel et al. [25]) or does it merely
correspond to how obedient some children are as opposed to others (another inter-
pretation, see [26])? We “assign” the psychological meaning to what is measured,
which was time to behavior in this example. The same is true, in essence, when
trying to “bring meaning” — by inference — to data concerning changes in hemody-
namic events and nearby brain tissue in neuroimaging studies. We “infer” what is
happening in the brain.

The third basic question I believe we should ask ourselves when we consider neu-
roimaging research findings is “what is the question?”” As discussed in Lenzenweger
[27], the early period of neuroimaging research consisted of relatively unfocused
use of the technology and there was often no real theoretical question at stake. The
reality of this state-of-affairs stimulated Stephen Kosslyn, the Harvard psychologist
and neuroscientist, to write his powerful 1999 paper entitled, “If neuroimaging is
the answer, then what is the question?”” [28] clearly one needs to have a question in
mind before undertaking a neuroimaging study, there should be a model in place,
and there should be some clear sense of what one is trying to do in conducting such
an experiment. I would add that the level of post hoc speculation — i.e., coming up
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with a “story” — after the data are in should be kept to a minimum. Let us consider
the following comments and ponder them (Table 5.1):

Table 5.1 What is the student in psychological science to do with neuroimaging as a tool for
understanding mind-brain-behavior relations?

We are duly warned by a leading neuroimager in 1999:

If neuroimaging is the answer, what is the question?
— Stephen M. Kosslyn, PhD [28]

But 10 years on in 2008, we still hear the following regarding neuroimaging:

The key is to not go on fishing expeditions. Have specific, testable hypotheses. That’s not
currently happening; 98% of brain imaging is just blindly groping in the dark.

— Vilayanur S. Ramachandran, MD, PhD (APA Monitor on Psychology, June 2008).

Finally, the fourth question I raise regards the wish of many to run to neuroimag-
ing as a method in the hopes that it will, in and of itself, resolve the etiology of
schizotypy and, therefore, schizotypic psychopathology and schizophrenia. In the
rush to embrace the technology of neuroimaging, some research basics were over-
looked (and still are in some settings) and have only come in for scrutiny once
scientists realized that somehow they had missed a step, so to speak. In the spirit
of considering those tools necessary for the experimental psychopathologist — let us
ponder a research basic staple, namely reliability, in relation to neuroimaging. Let us
consider the issue of reliability. If an investigator is running a cognitive neuroscience
protocol on a magnet in New York City, will her results match those obtained by a
different investigator who is running the same protocol in San Francisco? One would
hope so — a hope that assumes reliability — this issue is very basic. Imagine if one
wanted to analyze data hailing from a new psychometric measure, yet did not have
reliability established for the psychometric instrument. How would the instrument
and collected data be regarded? The reliability of neuroimaging is no different in
that, simply stated, it must show evidence of reliability across sites and comparable
technical setups. Reliability assessments for neuroimaging has been explored on a
very limited scale and there are reasons to be both comfortable as well as uncom-
fortable with the level of reliability achieved across sites in neuroimaging research
[29-31].

Major Impediments to Our Future Progress in Qur
Understanding Schizotypy and Schizophrenia

The Problem of Heterogeneity

It would be relatively easy to reel off a dozen or so candidates for potential
conceptual impediments to our future progress in understanding schizotypy and
schizophrenia. However, this is not the place for such an extended list. What are
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the two biggest impediments that we face on the road ahead? First, and foremost,
in order of importance is the issue of heterogeneity. By this I mean heterogeneity at
several levels of analysis. For example, heterogeneity is present in the actual phe-
notype of schizophrenia and the schizotype in cross-section as well as over time
(i.e., growth trajectories). Heterogeneity occurs within the laboratory data that we
collect for EVERY endophenotype of interest, whether assessed with paper and
pencil or with highly sophisticated psychophysiology or neuroimaging apparatuses.
Heterogeneity probably even exists at the level of genetic factors in relation to what
we term schizotypy and schizophrenia. I like very nearly all others in our field
often work with the assumption that schizophrenia represents a disease construct
that is characterized by some degree of homogeneity. This allows us to assemble
patient samples for study, schizotypy samples for study, and so forth. The assump-
tion of homogeneity (even if lip service is given to the reality of heterogeneity)
is likely problematic. Simply stated, we need to continue to move forward with a
more engaged theoretical and methodological approach vis a vis heterogeneity — we
need to embrace it. We need to embrace it in our theory development, models, and,
importantly, statistical analytic strategies [32, 33]. Failure to fully grasp the chal-
lenge posed by heterogeneity will only serve to thwart even the most thoughtful and
clever approaches to research in this area.

The issue of heterogeneity is intimately and profoundly connected with the
notion of schizophrenia as a complex disease and the related genetic/genomic
research strategies. First of all, heterogeneity will be present, through and through,
in the various indicators we seek to use to tap schizotypy, whether they be signs,
symptoms, endophenotypes, or any other feature. It is a complex phenotype, in
part I would argue, because of heterogeneity. Secondly, the search for genes or sus-
ceptibility loci of relevance to schizotypy (schizophrenia liability) must more fully
embrace the possibility that the fact that multiple genes seem to be in play with
schizophrenia is because there may well be more than one form/type of the illness.
That schizophrenia represents a unitary illness with an associated, but still unknown,
common polygenic genetic architecture remains, most certainly, an open question.

How does this concern about heterogeneity of illness and, likely, associated
heterogeneity among causal genetic factors play itself out? One frequently hears
at psychopathology research meetings, “we know that one gene does not cause
schizophrenia, there are multiple genes, presumably of small effect at work in the
illness.” This sort of statement is normally offered as an objection to simple, single
major locus models as well as an objection to mixed models (such as Meehl’s). The
simple SML models (single gene, no variation in expressivity, complete penetrance)
clearly do not fit schizophrenia and this has been long known. The mixed model
proposed by Meehl does fit data when assessed in model fitting exercises, however
it does assume a gene of relatively powerful effect (his so-called schizogene), but
the jury is out on the existence of such a gene. The statement — that schizophrenia
must be the result of numerous small effect genes — however, is often implicitly
founded on the assumption that schizophrenia is a unitary, homogeneous illness that
possesses a consistent, homogeneou