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Abstract 
 

Schizophrenia is a disabling major mental illness associated with marked impairments 

in reality testing, organization of speech and behaviour and cognition. Significant 

evidence points to functional dysconnectivity between cortical and subcortical regions 

as the major pathophysiological underpinning of the symptoms and disability 

associated with schizophrenia. Modern neuroimaging techniques have suggested that 

this dysconnectivity is driven, at least partially, by neuroanatomical changes to 

connectivity in the brain at the level of white matter tracts, the main connecting 

“organs” in the brain. 

 

This thesis describes the analysis of the structure of the corpus callosum, the brain’s 

largest white matter fibre tract, with the aim of determining if changes to anatomical 

connectivity in schizophrenia are associated with a unique callosal shape “signature”. 

This was undertaken by using a shape analysis methodology that examined regional 

callosal thickness, using a non-parametric permutation method to determine between-

group differences and the relationship between illness variables and callosal shape. 

This methodology was applied to multiple illness stages: established illness, first-

episode psychosis and pre-psychotic patients. It was then applied to other major 

mental disorders, including multiple cohorts of patients with bipolar disorder and 

patients with major depression, to determine if any changes seen in schizophrenia 

patients were specific to schizophrenia-spectrum illness or were more general markers 

of major mental illness. 

 

The results suggest that patients with schizophrenia-illness show specific thickness 

reductions at the level of the anterior callosum, connecting frontal cortical regions, 

that are present during the pre-psychotic phase and with first-episode illness. 

Furthermore, with established illness, these changes are accompanied by additional 

changes in the callosum connecting cingulate, temporal and parietal regions. Changes 

seen in healthy individuals as part of the normal ageing process appeared to be 

disrupted in schizophrenia patients. In bipolar patients, a very different pattern of 

results emerged, with more global thickness reductions and disproportionate thinning 

at the level of the posterior callosum. Depressed patients, by contrast, showed state-
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specific posterior expansions, which bore some homology to changes seen in patients 

with depressed first-episode psychotic patients and patients with schizoaffective 

disorder. Furthermore, in the schizophrenia-spectrum group, changes at the level of 

the genu were strongly predictive of transition to psychosis in those individuals at 

high-risk for psychosis, and in first-episode individuals were highly predictive of 

long-term outcome of their psychotic illness. 

 

These changes suggest that there are schizophrenia-specific changes at the level of the 

callosum, marking a unique callosal “signature” for schizophrenia-spectrum illness. 

These changes show predictive validity for outcome at the earliest stages of illness, 

and are distinct from changes seen in major affective disorders. These findings 

suggest that shape changes to white matter structures may be a useful marker to aid 

diagnosis, in the identification of individuals who may develop a psychotic illness, 

and in defining the nature of their future illness course. 



4 

 

Declaration 
 

This is to certify that 

 (i) the thesis comprises only my original work towards 

the PhD unless otherwise indicated, 

 (ii) due acknowledgement has been made in the text to 

all other material used, 

 (iii) the thesis is less than 100,000 words in length, 

exclusive of tables, maps, bibliographies and 

appendices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

MARK WALTERFANG 

Department of Psychiatry 

The University of Melbourne 

Melbourne Neuropsychiatry Centre 

Level 2, John Cade Building 

Royal Melbourne Hospital 3050 

Australia 



5 

Acknowledgements 
 
I would like to acknowledge a number of individuals who played a crucial role in allowing me to complete this 

body of research. A number of these individuals have had involvement throughout the research that contributes to 

this PhD, and others at crucial points during the process. 

 

Firstly, I would like to acknowledge the contributions of my three chief supervisors. Professor Christos Pantelis, 

whose tireless work in building a world-leading research neuroimaging database and a network of collaborations 

that spans much of the worldwide psychiatric research community. Both of these resources were drawn upon 

extensively during this work, as was his well of unending enthusiasm and warm encouragement. Dr Dennis 

Velakoulis both acted as a key research mentor and provided clinical leadership, and assisted me greatly in 

learning not only how to balance a busy research career with a burgeoning clinical one, but taught me how to 

apply research principles acquired during my thesis work to new clinical questions in medicine. I have learned 

greatly from his capacity to wear more hats and juggle more roles than I ever thought possible. Dr Stephen Wood’s 

trenchant application of methodological and statistical rigour ensured that my work was imbued with a robustness 

that it would otherwise never have had, and his insights at crucial times regarding thesis structure allowed me to 

breach many an impasse. These three world-leading researchers contributed greatly to the conceptualization of the 

studies comprising this thesis, their analysis and interpretation, and ultimately the production of a number of 

publications. It was a privilege to have them guiding my thesis work. 

 

Additionally, Professor David Copolov saw the merit in an examination of this topic in schizophrenia, and worked 

to provide opportunities for research time at the Mental Health Research Institute, so that my research ideas could 

be formulated. Professor Graeme Jackson provided inspiration and initial guidance as to the nature of my research 

questions, and early support at the Brain Research Institute. 

 

Professor David Reutens welcomed me into his research group, initially at the Austin Hospital and later at Monash 

Medical Centre, and allowed me to work at applying his work on callosal morphology in epilepsy to our 

psychiatric datasets. Dr Amanda Wood, in Austin, Monash and later the Murdoch Research Institute, was a 

research colleague and mentor for much of the thesis, and worked tirelessly in teaching me how to set up complex 

multi-subject neuroimaging analyses, and later provided expert guidance on methodological issues and paper 

writing, in addition to great moral support during the various crises, disappointments and frustrations that occur 

inevitably during the course of thesis work. Dr Jian Chen and Julianna Wong assisted me greatly in translating my 

research ideas into mathematical ideas and, later, useful code; later, these ideas were further extended with Dr 

Christopher Adamson. Sarah Barton assisted in the latter part of the thesis work with assistance in image 

preprocessing, ensuring the robustness of the data we analysed. Bridget Soulsby from the Melbourne 

Neuropsychiatry Centre provided great support in working with and extracting useful information from the 

massive datasets of the Melbourne Neuropsychiatry Centre, and always bent over backwards to ensure I was able 

to obtain high-quality data to analyse. Our collaborators, notably Professors Patrick McGorry and Alison Yung 

from Orygen Research Centre whose prescience in examining psychosis across the lifespan enabled some of the 

key findings of this work; Professors Gin Malhi from the University of Sydney and Sophia Frangou from the 

Institute of Psychiatry in London who generously provided large bipolar sets for comparison; and Associate 

Professor Nick Allen from Orygen Research Centre for being willing to provide data on depressed patients for 

comparison. All these giants provided shoulders on which I was able to stride across for almost seven years. 

 



6 

Over seven hundred participants’ data was examined in this study, and without their gracious involvement in 

psychiatric research, none of this work would have been possible, and I will be forever indebted to them. I am also 

indebted to many of my patients, who have tolerated being cared for by a psychiatrist who was juggling a busy 

clinical load with his research duties. Inasmuch as I have learned a research craft during my thesis work, my 

patients have taught me more – about suffering, but also about growth and change – and I am blessed to have been 

able to have rewarding research and clinical lives running parallel for so many years. My clinical colleagues at the 

Neuropsychiatry Unit of the Royal Melbourne Hospital have likewise had to tolerate an, at times, fatigued and 

over-stretched colleague and clinical leader; but they did this without complaint, and although at times they found 

themselves involved in many of my ideas for research and publications, they always tolerated my flights of 

intellectual fancy and encouraged me to pursue them. 

 

My family fostered my curiosity for understanding from an early age; to my mum and dad, thank you so much for 

your encouragement, for making so many sacrifices that allowed me to flourish academically at school, and then 

for sacrificing again so much so that I may spend six years as a full-time University student, where I developed the 

twin strands of an unquenchable thirst for knowledge and the privilege of accompanying the sick on their journeys. 

Perhaps without intending to, from an early age you started an intellectual fire burning that continues to sustain my 

ideas and, I hope, a future research career. My siblings Grant and Anita have for so long tolerated their younger 

sibling and his obsession with difficult questions, and my at times long absences from extended family life. 

 

Ultimately this thesis is dedicated to my wife Adrienne, who has known from our time at medical school that I had 

a thirst for new knowledge, and that my career would always follow a research path. We have been together 

through so many challenges, not the least being our respective training in medical fellowships, and our moving 

interstate to allow me to follow my vocational dreams. I know that you are happy in our new home, and I am glad 

that my desire to work in clinical and research neuropsychiatry has been the fillip for so much positive change in 

our lives. Your infinite patience, your soothing in times of stress, and your quiet stable base allowed me to venture; 

your support and love have been the wellspring from which I have drawn to fuel my work.  

 

And to Sabine, our wonderful daughter, who was born two months prior to me starting my thesis research and has 

always known her father to exit following a bedtime story to “head back to work”: you will always be my most 

treasured and special creation, and you have me back now. 



7 

Publications Arising From Candidature 
 

During candidature, a number of manuscripts that directly arose out of thesis work 

were published. In addition, other manuscripts either related to white matter changes 

in schizophrenia, or the corpus callosum in related disorders, were published during 

the course of data collection & thesis preparation. These are outlined below.  

 
Refereed Journal Articles – Directly Arising From Thesis Work (First-Author) 
 

1. Walterfang M, Wood SJ, Velakoulis D, Copolov D, Pantelis C. Diseases of white matter and 
schizophrenia-like psychosis. Australian and New Zealand Journal of Psychiatry 39: 745-756, 
2005. 
Journal IF: 2.8  Times Cited: 16 

2. Walterfang M, Wood SJ, Velakoulis D, Pantelis C. Neuropathological, neuroimaging and 
neurogenetic evidence for white matter pathology in schizophrenia. Neuroscience and 
Biobehavioral Reviews 30: 918-948, 2006.  
Journal IF: 8.2  Times Cited: 35 

3. Walterfang M, Wood AG, Reutens DC, Wood SJ, Chen J, Velakoulis D, McGorry PD, 
Pantelis C. Morphology of the corpus callosum at different stages of schizophrenia: a cross-
sectional study in first-episode and chronic illness. British Journal of Psychiatry 192: 429-
434, 2008. 
Journal IF: 5.5  Times Cited: 15 

4. Walterfang M, Yung A, Wood AG, Reutens DC, Phillips L, Wood SJ, Chen J, Velakoulis D, 
Pantelis, C. Corpus callosum shape alterations in individuals prior to the onset of psychosis. 
Schizophrenia Research 103: 1-10, 2008.  
Journal IF: 4.3  Times Cited: 13 

5. Walterfang M, Yücel M, Barton S, Reutens DC, Wood AG, Chen J, Lorenzetti V, Velakoulis 
D, Pantelis C, Allen NB. Corpus callosum size and shape in individuals with current and past 
depression. Journal of Affective Disorders 115: 411-420, 2009. 
Journal IF: 3.1  Times Cited: 5 

6. Walterfang M, Wood AG, Reutens DC, Wood SJ, Chen J, Velakoulis D, McGorry PD, 
Pantelis C. Corpus callosum size and shape in first-episode affective and schizophrenia-
spectrum psychosis. Psychiatry Research Neuroimaging 173: 77-82, 2009. 
Journal IF: 2.3  Times Cited: 8 

7. Walterfang M, Wood AG, Barton S, Velakoulis D, Chen J, Reutens DC, Kempton M, 
Haldane M, Pantelis C, Frangou S. Corpus callosum size and shape alterations in individuals 
with bipolar disorder and their first-degree relatives. Prog Neuropsychopharmacol Biol 
Psychiatry 33: 1050-1057, 2009. 
Journal IF: 2.8  Times Cited: 2 

8. Walterfang M, Malhi GS, Wood AG, Reutens DC, Chen J, Barton S, Yucel M, Velakoulis D, 
Pantelis C. Corpus callosum size and shape in established bipolar disorder. Australian and 
New Zealand Journal of Psychiatry 43: 838-845, 2009. 
Journal IF: 2.8  Times Cited: 2 

 
Direct Citations Arising: 96 
 
 



8 

Refereed Journal Articles – Related to Thesis Work 
 
 

1. Walterfang M, Chanen A, Barton S, Wood AG, Jones S, Reutens D, Chen J, Velakoulis D, 
McGorry PD, Pantelis C. Corpus callosum morphology and relationship to prefrontal cortical 
and lateral ventricular volume in teenagers with first-presentation borderline personality 
disorder. Psychiatry Research 183:30-37, 2010. 
Journal IF: 2.3  Times Cited: 0 

2. Seal M, Yücel M, Fornito A, Wood S, Harrison B, Walterfang M, Pell G, Pantelis C. 
Abnormal white matter microstructure in schizophrenia: A voxelwise analysis of axial and 
radial diffusivity. Schizophrenia Research 101: 106-110, 2008. 
Journal IF: 4.3  Times Cited: 9 

3. Walterfang M, McGuire P, Yung A, Phillips L, Velakoulis D, Wood S, Suckling J, Bullmore 
E, Brewer W, Soulsby B, Desmond P, McGorry P, Pantelis P. White matter volume changes 
in people who develop psychosis. British  Journal of Psychiatry 193: 210-215, 2008. 
Journal IF: 5.5  Times Cited: 16 

4. Simon A, Walterfang M, Petralli C, Velakoulis, D. First-episode 'coenesthetic' schizophrenia 
presenting with alien hand syndrome and partial agenesis of the corpus callosum. 
Neuropsychobiology 58: 118-122, 2008.  
Journal IF: 2.0  Times Cited: 0 

5. Cocchi L, Walterfang M, Testa R, Wood SJ, Seal ML, Suckling J, Takahashi T, Proffitt TM, 
Brewer WJ, Adamson C, Soulsby B, Velakoulis D, McGorry PD, Pantelis C. Grey and white 
matter abnormalities are associated with impaired spatial working memory ability in first-
episode schizophrenia. Schizophrenia Research 2009. 
Journal IF: 4.3  Times Cited: 0 

 
Indirect Citations Arising: 25 
 
 
 
 



9 

Foreword 
 

Through practicing in clinical neuropsychiatry, I have been fortunate to gain exposure to a great range 

of “organic” disorders that present with psychiatric symptoms and illness. My supervisors Christos 

Pantelis and Dennis Velakoulis had their own clinical exposure to subcortical dementias and epilepsy, 

which stimulated ideas regarding pathophysiology of mental disorders and produced rich seams of 

research into schizophrenia that have contributed substantially to the knowledge base of this most 

disabling of psychiatric disorders.  

 

In 2000 I began as a senior registrar in clinical neuropsychiatry. I was privileged to look after a young 

man, DS, who presented with an atypical and treatment-resistant form of schizophrenia, and who had 

developed a movement disorder. Over ten years of psychotic illness, which had its onset at the age of 

15, he had become more treatment resistant, developed progressive cognitive impairment, and began to 

display abnormalities in gait and eye movements. Ultimately he was diagnosed with the rare storage 

disorder Niemann Pick disease type C (NPC), a cholesterol storage disorder that causes a neuroaxonal 

dystrophy and results in psychosis in 24-40% of adult sufferers. NPC in adults appears to affect white 
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WBV – Whole-Brain Volume 
WMV – White-Matter Volume 
WTAR – Wechsler Test of Adult Reasing 
YMRS – Young Mania Rating Scale 
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SECTION I 
 

 

SCHIZOPHRENIA, WHITE MATTER, 

AND THE CORPUS CALLOSUM: A 

ROLE FOR SHAPE ANALYSIS 

 

 
And while I stood there I saw more than I can tell 

and I understood more than I saw; for I was seeing in 

a sacred manner the shapes of all things in the spirit, 

and the shape of all shapes as they must live together 

like one being.  

 

- Black Elk 
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1 INTRODUCTION & LITERATURE REVIEW 
 

 

1.1 Schizophrenia: History, Symptoms and Prevalence 

1.1.1 The History of the Concept of Schizophrenia 

In 1856, Bénédict Morel first used the term démence precoce (“early” or “young 

dementia”) to describe a mental disorder which initially struck adolescent or young 

adult males, leading to a deterioration of mental functioning and to disability  (Morel, 

1976, Morel, 1860). In 1863, Karl Kahlbaum published Die Gruppierung der 

psychischen Krankheiten (“The Classification of Psychiatric Diseases”), in which he 

described a class of progressively degenerating psychotic disorders that he grouped 

under the term vesania typica or “typical insanity”  (Kahlbaum, 1863). In 1868 

described the syndrome of katatonie (“catatonia”) in a lecture, which he published 6 

years later, describing the stereotyped movements and excitement seen in patients 

with major mental illness, seeing it as a disorder that typically ends in an apparent 

dementing illness  (Kahlbaum, 1874). Kahlbaum’s colleague Ewald Hecker coined 

the term hebephrenia in 1871 to describe patients with a particular form of psychosis 

characterized by disorganization or thought and behaviour, challenging the notion of 

insanity as a single, unitary illness.  

 

It was Emil Kraepelin who grouped together these concepts of progressive young-

onset dementia, catatonia and hebephrenia, into a class of disorders he described as 

“psychic degenerative processes”, in the 4th edition of his book Psychiatrie  

(Kraepelin, 1893). These included dementia paranoides (a sudden-onset, degenerative 

form of Kahlbaum's paranoia); catatonia (directly from Kahlbaum's 1874 monograph 

on the subject); and dementia praecox, which was essentially Hecker's hebephrenia. 

The term dementia praecox had been used in a case report by Arnold Pick in 1891  

(Pick, 1891), but it was popularized n the 6th edition of Psychiatrie in 1899 when 

these three conditions were grouped together as subtypes of dementia praecox and 

separated from manic-depressive illness. It differed from the latter in that it was a 

disorder of intellectual functioning rather than mood, had a uniformly deteriorating 

course, and individuals never recovered. By the eighth edition of Psychiatrie in 1913, 

Kraepelin had revised its universally deteriorating course, and acknowledged that a 

partial remission occurred in up to 26% of his patients.  
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This classification of these disorders has been reflected in classifications of 

schizophrenia ever since, first in 1918 as an official diagnostic category in the United 

States in the uniform system adopted for comparative statistical record-keeping in all 

American mental institutions, The Statistical Manual for the Use of Institutions for the 

Insane. This remained in use until the first edition of the Diagnostic and Statistical 

Manual (DSM) in 1952 (when it was replaced by the term “schizophrenic reaction”), 

although it persisted in DSM editions through to the current IV-TR in its paranoid, 

catatonic and disorganized types  (Association, 2000), whilst the disorganized type 

retains its historical term of hebephrenic in the ICD-10  (Organization., 1992). A 

recent grade-of-membership analysis based on symptomatology suggests that, by and 

large, these subtypes hold true  (Pomarol-Clotet et al., 2010b). 

 

It was the psychoanalysis-influenced Swiss psychiatrist Eugen Bleuler who first used 

the term schizophrenie (“schizophrenia”) in a paper in 1908 and then a monograph in 

1911. Bleuler recognized that it did not always occur in young people, nor was its 

intellectual outcome always poor, and the less deterministic term of schizophrenia 

was derived from the Greek roots schizein (σχίζειν, "to split") and phrēn 

(φρήν, φρεν-, "mind")  (Bleuler, 1911). Bleuler felt that psychic functions 

were “split” in the disorder, but while he rejected the notion of it being a progressive 

dementing disorder, he retained the Kraepelinian notion of a number of subtypes of 

disease. The terms schizophrenia and dementia praecox were thus used together and 

interchangeably until the introduction of the DSM, whereafter it became a broader 

diagnostic category that includes disorders that today would be known as personality 

disorders. These developments also emphasized the role of psychotherapy in 20th 

century psychiatry, and the possibility of improved outcomes through psychological 

treatment and the newly-arrived neuroleptic medications. In the 1970s, efforts 

construct Research Diagnostic Criteria (RDC) re-focussed the diagnostic criteria for 

schizophrenia that returned to the narrow, Kraepelinian range.  This became codified 

in DSM-III, and once again schizophrenia became an often progressive and 

debilitating illness with a strong presumption of biological underpinnings.  
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1.1.2 Symptoms of Schizophrenia 

In DSM-IV-TR, a diagnosis of schizophrenia requires at least one month of symptoms 

during a period of disturbed functioning. Symptoms fall into two general categories: 

positive symptoms, which involve a distortion or excess of normal function, which 

includes symptoms not experienced in normal function; and negative symptoms, 

which involve a decrease in or of absence of normal function or abilities. These 

include: 

 

1. Positive symptoms 

a. Impairments in perception: hallucinations 

b. Impairments in reality testing: delusions 

c. Disorganization of thought and speech 

d. Catatonic or disorganized behaviour 

2. Negative symptoms  

a. Flat or blunted emotional expression 

b. Reduction of speech (alogia) 

c. Reduction of motivation (avolition) 

d. Reduction in ability to experience pleasure (anhedonia) 

 

These symptoms are often rated for research rather than diagnostic purposes using the 

Positive and Negative Syndrome Scale  (Kay et al., 1989). As noted, DSM-IV-TR 

includes paranoid, disorganized and catatonic subtypes, but also includes 

undifferentiated and residual subtypes. Related diagnoses include schizoaffective 

disorder (co-occurrence of active-phase symptoms and a mood disorder) and 

schizophreniform disorder (presence of symptoms for less than six months), and these 

are felt to be related to schizophrenia but distinct diagnoses on outcome and 

aetiological grounds  (Association, 2000). 

 

1.1.3 Prevalence of Schizophrenia 

Schizophrenia is a cross-cultural illness with a lifetime prevalence of 0.4-1.0%, and 

prevalence rates and clinical symptoms are relatively stable across geographical and 

cultural boundaries  (Jablensky et al., 1992, Bhugra, 2005, Saha et al., 2008, Saha et 

al., 2005). Across all datasets, males and females appear to be equally affected, and 

no difference in prevalence occurs across urban, rural and mixed sites, although the 
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prevalence for migrants is significantly higher than in native-born individuals  (Saha 

et al., 2005). However, within this relatively consistent prevalence data, some 

differences exist, such as higher rates of catatonic and hebephrenic subtypes in 

developing countries, suggesting that aetiological, treatment and other psychosocial 

factors may still influence the course and outcome of the disease  (Organization, 

1992, Jablensky et al., 1992). 

 

1.1.4 Age and Gender Differences 

The median age of onset is early in the third decade for males and late in the third 

decade for females  (Hafner et al., 1993), suggesting a significant moderating effect of 

gender neurobiological differences  (Jablensky et al., 1992). Males tend to respond 

less to pharmacotherapeutic treatments, have an overall poorer prognosis, and are 

more likely to display structural brain abnormalities on neuroimaging  (Salem and 

King, 1998). Unlike males however, females do have a second  (Van Rossum, 2006) 

peak of onset that occurs during or after the menopause, suggesting that estrogen has 

a protective effect, and this may account for the lack of gender differences in lifetime 

prevalence  (Hafner et al., 1993). 

 

1.2 Neurobiological Models of Schizophrenia 

1.2.1 The Dopamine Hypothesis 

The revolutionary introduction of chlorpromazine to the treatment of schizophrenia 

led to the first major modern neurobiological theory of schizophrenia, notably the 

dopamine hypothesis as first proposed by Van Rossum in 1967  (Van Rossum, 2006). 

This suggests that the core symptoms of schizophrenia occur as a result of an excess 

of dopaminergic transmission in the striatum and frontal cortex. This was soon 

followed by the discovery of the D2 dopamine receptor and its implication as the site 

of action for neuroleptic medications  (Seeman et al., 1975, Seeman et al., 1976a, 

Seeman et al., 1976b), evidence of increased D2 receptors in post-mortem tissue in 

antipsychotic naïve schizophrenia patients  (Owen et al., 1984) and its confirmation 

using functional imaging in vivo  (Abi-Dargham et al., 2000). The shortcomings of 

the dopamine hypothesis as a complete model of schizophrenia biology however were 

first raised in relation to the only partial effectiveness of antipsychotic medication 

(relieving positive but not negative symptoms of the disease), suggesting that very 

different neurochemical mechanisms may underlie these two symptom complexes  
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(Davis et al., 1991). For example, whilst increased dopaminergic activity has been 

robustly demonstrated, a further body of evidence suggests a relatively 

“hypodopaminergic” state in the prefrontal cortex  (Akil et al., 1999, Okubo et al., 

1997). These observations, led to a revision of the model, initially by Davis et al in in 

1991, that describes differential dopaminergic states across brain networks  (Davis et 

al., 1991). Modern atypical antipsychotics such as clozapine, which show greater 

efficacy than traditional D2 blockers in the treatment of negative symptoms, may 

improve prefrontal dopaminergic outflow via combined D2 and serotonin 5-HT (2A) 

receptor antagonism, partial D2 receptor antagonism or the preferential blockade of 

inhibitory dopamine autoreceptors  (Horacek et al., 2006). In the most recent and 

sophisticated conceptualization, “version III” proposes that multiple “hits” interact to 

result in dopamine dysregulation, and moves the focus from the level of the D2 

receptor to the presynaptic dopaminergic control level, resulting in “psychosis-

proneness” and altering the appraisal of stimuli through a process of aberrant salience  

(Howes and Kapur, 2009). 

 

1.2.2 The Early Neurodevelopmental Hypotheses 

This apparent inverse relationship between relative dopaminergic outflow in the 

striatum and prefrontal cortex (PFC) was hypothesized by Weinberger to reflect a 

neuropathological “insult” early in life of individuals who later developed 

schizophrenia  (Weinberger, 1987). Weinberger proposed that the effects of this insult 

remain relatively silent until the prefrontal cortex was placed under increased 

functional demand in adolescence and early adulthood, corresponding to a period of 

major maturation in the PFC, which then significantly disrupted the balance in 

dopaminergic transmission between the striatum and PFC. Disruption to 

dopaminergic efferents from the striatum into the PFC, and thus a disruption to a 

dopaminergic feedback loop between cortical and subcortical regions, was postulated 

to lead to an increase in dopaminergic projection into the striatum  (Weinberger, 

1987, Weinberger, 1995).  

 

The original model proposed by Weinberger proposed a single “hit” or “lesion” that 

later became manifest with the onset of psychosis in adolescence or early adulthood. 

This model was built upon by subsequent stress-diathesis models that suggested that 

the first neurodevelopmental “hit” created a vulnerability that necessarily required a 



30 

second “hit” more proximal to the onset of psychosis, such as significant substance 

abuse  (Arndt et al., 1992, Hambrecht and Hafner, 1996) or stressful life events  

(Cullberg, 2003, Day, 1981).  Individuals pre-disposed to psychosis may be more 

vulnerable to the biological effects of both substances and stressful life events, 

supporting this “two-hit” model  (Myin-Germeys et al., 2001, van Nimwegen et al., 

2005). Keshavan extended this model further to focus not only on the interaction 

between vulnerability to psychosis and the impingement of a particular 

neurobiological stressor on this vulnerability, but also on the putatively neurotoxic 

effects of untreated psychosis “facilitated” the development of full-blown 

schizophrenia, resulting in the transformation from a single psychotic episode into a 

chronic psychotic illness  (Keshavan, 1999). The obvious treatment implication that 

arises from this model is that patients who are not treated promptly and early with 

appropriate psychopharmacological and psychosocial interventions may develop a 

chronic psychotic illness as a result of plastic brain changes, leading to poorer 

outcome and treatment response. 

 

1.2.3 The “Late” Neurodevelopmental Hypothesis 

An alternative, “late” neurodevelopmental hypothesis was posited by Feinberg, who 

suggested that schizophrenia was caused by a single, aberrant late 

neurodevelopmental process during adolescent brain maturation  (Feinberg, 1982). 

This hypothesis drew on evidence from an electron micrography study which 

demonstrated a substantial reduction in the synaptic density (“synaptic pruning”) in 

prefrontal cortex occurring during normal adolescent development  (Huttenlocher, 

1979). A large-scale synaptic overproduction during the first years of life is followed 

by a fine-tuning of cortical efficiency through the elimination of otherwise redundant 

synaptic connections. Feinberg’s proposition was that schizophrenia may be the result 

of an aberrant synaptic pruning process, but was imprecise as to the nature of the 

abnormality: “…as a result of some abnormality in the process, too many, too few or 

the wrong synapses are eliminated… regrettably, we have no basis to choose among 

these abnormalities”. The result of such ‘mis-pruning’ may be a disruption to 

“microconnectivity” at a synaptic level, and thus a disintegration of neural activity. 

This model was built on by Hoffman and Dobscha, who constructed a computer 

model to demonstrate that the over-zealous pruning of recurrent axon collaterals in 

the prefrontal cortex, led to reduced axonal density and produced a cognitive profile 
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similar to that seen in schizophrenia  (Hoffman and Dobscha, 1989). Hoffman and 

McGlashan also examined multiple possible pathways to this imbalance between 

synaptic formation and elimination, including defective proliferation, excessive 

pruning, or a low synaptic density at birth leading to a “relative” overpruning  

(Hoffman and McGlashan, 1993). Jernigan suggested that if there is overpruning, it 

may selectively affect the PFC  (Jernigan et al., 1991).  Keshavan et al expanded on 

this model, introducing the concept of an altered “psychosis threshold” impacted upon 

by the pruning process, in addition to the possibility that pruning selectively favoured 

PFC over striatal synaptic connectivity, thus leading to the characteristic imbalance in 

frontostriatal dopaminergic transmission that appears to characterize the disease  

(Keshavan et al., 1994). These hypotheses, all with indirect empirical support, were 

further built upon in Selemon & Goldman-Rakic’s “reduced neuropil hypothesis” 

(Selemon and Goldman-Rakic, 1999), which posits that altered neuronal density in 

the brains of schizophrenia sufferers is secondary to reduced local synaptic 

connectivity, and McGlashan & Hoffman’s “developmentally-reduced synaptic 

connectivity” hypothesis  (McGlashan and Hoffman, 2000). A number of synaptic-

related proteins have now been sequenced and their expression shown to be 

significantly altered in schizophrenia (Mirnics et al., 2001b, Mirnics et al., 2001a, 

Honer et al., 1999, Honer et al., 2002), suggesting that synaptic abnormalities may 

well be a key substrate for disconnectivity. These elaborations of Feinberg’s original 

model have all posited that altered connectivity at a cellular level results in 

dysfunctions in neural integration and, at a broader level, the characteristic symptoms 

and cognitive impairments seen in schizophrenia. 

 

1.2.4 Large-Scale Disconnectivity Models 

These models of “microconnectivity” have explored the role of impaired connectivity 

at the small-scale level, but a number of theories have explored impairments across 

large-scale circuitry, such as cortico-cortical and cortico-subcortical loops. The 

“disconnection hypothesis” of schizophrenia suggests that a failure of  “the 

integration of functionally specialized systems: neurons, cortical areas & sub-areas” is 

responsible for the production of the illness  (Friston, 1998). Early theorists explored 

notions of dysconnectivity in their early conceptualisations of schizophrenia: Bleuler 

coined the term itself as a way of denoting the “splitting” or disconnection of mental 

functions  (Bleuler, 1911), and Wernicke suggested that psychosis could occur as a 
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result of disruption of the “connection organs”, describing this phenomenon as 

“sejunction”  (Wernicke, 1906). A model of impaired “macroconnectivity” however 

more readily lends itself to cognitive models of psychosis and has been elaborated 

into other “disrupted circuitry” models that focus on impairments in transmission in 

functional/anatomical circuits rather than cytoarchitectural connectivity per se. 

Pantelis et al compared a group of subcortical dementias to schizophrenia, and 

suggested that functional (but not necessarily anatomical) “deafferentation” of cortical 

areas as a result of subcortical pathology could produce the characteristic symptoms 

of schizophrenia  (Pantelis et al., 1992). Following this, three key disconnection 

models of schizophrenia were developed. Frith and colleagues described aberrant 

frontotemporal functional connectivity in schizophrenia patients  (Frith, 1992), 

Andreasen’s “cognitive dysmetria” model  (Andreasen et al., 1998a) implicates a 

deficit in a cerebello-cortico-subcortical loop, and Crow’s “transcallosal 

misconnection syndrome” (Crow, 1998) describes aberrantly connected 

bihemispheric language centres across the largest white matter bundle, the corpus 

callosum. These models do not specify the nature of the putative disruption at an 

anatomical level, but model disruptions to “macroconnectivity” at a large-scale level, 

and are described below.  

 

 

1.2.4.1 Frith’s Functional Cortico-cortical Disconnectivity 

With the advent of functional imaging using positron emission tomography (PET) and 

later functional magnetic resonance imaging (fMRI), the first evidence of 

disconnection at a functional level began to emerge. Christopher Frith first 

hypothesised that some of the core symptoms of schizophrenia, in particular, the 

capacity to recognize internally-generated cognitions and actions as truly internal 

rather than external  (Frith, 1992), could occur as a result of a functional 

disconnection between cortical areas whose inter-dependent connectivity was crucial 

to a range of cognitive functions: in particular, the capacity to recognize internally-

generated cognitions and actions as truly internal rather than external  (Frith, 1992). 

Frith et al demonstrated that the inverse relationship between prefrontal and temporal 

cortices on tasks of verbal fluency was not present in schizophrenia sufferers  (Frith et 

al., 1995), with a failure of 'deactivation' of left superior temporal gyrus (STG) 

occurring in the presence of activation of left dorsolateral prefrontal cortex (DLPFC), 
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pointing to a breakdown of the normal functional relationship between these cortical 

regions  (Friston and Frith, 1995). A follow-up study in verbal fluency in patients 

failed to replicate this, but demonstrated dysconnectivity between DLPFC and 

anterior cingulate cortex (ACC), further implicating prefronto-frontal dysconnectivity  

(Spence et al., 2000).  

 

One particular symptom complex Frith focussed on was passivity phenomena, or 

delusions of alien control, where patients experience their thoughts, actions and 

feelings as being generated by an external or alien force or being. He hypothesized 

that “made” actions occurred when schizophrenia patients became aware of their 

movements prior to becoming aware of the intention to move, and resulted from 

functional dysconnectivity between frontal and parietal cortices  (Frith et al., 2000, 

Blakemore et al., 2002). Similarly, auditory hallucinations could be seen as internally-

generated subvocalisations which are perceived as external, or thought insertion as 

internally generated cognitions which are again experienced erroneously as external  

(Frith, 1992); some fMRI evidence supports reduced frontotemporal connectivity 

associated with auditory hallucinations  (Lawrie et al., 2002b). Frith’s model was 

developed with Karl Friston into the “disconnection hypothesis”, whereby 

“schizophrenic phenomena are best understood in terms of abnormal interactions 

between different areas, not only at the levels of physiology and functional anatomy, 

but at the level of cognitive and sensorimotor functioning”  (Friston, 1998, Friston, 

1999, Friston and Frith, 1995). Friston however distinguished functional connectivity 

from anatomical connectivity, noting that interneural structures such as dendrites and 

axons may not be the anatomical substrate for functional dysconnectivity, that an 

anatomical substrate may not be necessary and that alterations to synaptic strength 

alone may be enough  (Friston, 1996). The lack of evidence for white matter disease 

in early imaging studies suggested that interruptions of cortico-cortical connections, 

were not necessary for functional disconnectivity to exist  (Friston, 1999). This 

hypothesis has been extended by Friston in particular to consider the role of 

“microconnectivity” – at the level of n-methyl-d-aspartate (NMDA)-mediated 

synaptic plasticity (and its modulation by serotoninergic, dopaminergic and 

cholinergic systems) – in underpinning the functional dysconnectivity, and thus the 

characteristic symptoms, of schizophrenia  (Stephan et al., 2006, Stephan et al., 2009).  
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1.2.4.2 Andreasen’s Cognitive Dysmetria 

The role of abnormal neural connectivity among large-scale networks was also 

proposed by Nancy Andreasen, who argued that the fundamental abnormality in 

schizophrenia was a loosening of associations between cognitions or a ‘cognitive 

dysmetria’. This followed a PET study which suggested the presence of a prefrontal-

thalamic-cerebellar network, activated in normal subjects recalling complex narrative 

material, but dysfunctional in schizophrenic patients performing the same task  

(Andreasen et al., 1996), and was further suggested by a long-term memory task PET-

based study again demonstrating group level differences in this circuitry with 

additional compensatory changes in schizophrenia patients  (Wiser et al., 1998). This 

was elaborated into the cognitive dysmetria theory, which argues that a disruption in 

“connectivity among nodes located in prefrontal regions, the thalamic nuclei, and the 

cerebellum” results in a condition of impoverished cognitive co-ordination, and 

“difficulty in prioritizing, processing, coordinating, and responding to information”  

(Andreasen et al., 1998b, Andreasen et al., 1999). This model viewed the thalamus as 

having a central role in a disrupted network model of schizophrenia  (Andreasen, 

1997) while the cerebellum played a key non-motor role in cognition, one that was 

aberrant in schizophrenia patients  (Andreasen et al., 1998a, Andreasen et al., 1999). 

As a result, patients may make inappropriate associations between mental 

representations (resulting in disorganized behaviour, formal thought disorder and 

persecutory delusions), lose the ability to distinguish between self and other (resulting 

in auditory hallucinations, passivity phenomena and thought alienation) and fail to 

distinguish between salient and non-salient stimuli (resulting in delusions of 

reference). This model may also account for some of the negative symptoms of 

schizophrenia, such as alogia and avolition, as the “loss of synchrony” may result in 

the network becoming “paralyzed”  (Andreasen et al., 1999). Some empiric evidence 

for the role of this loop in negative symptoms has been shown in PET and fMRI 

studies  (Potkin et al., 2002, Honey et al., 2005). 

 

1.2.4.3 Crow’s Transcallosal Misconnection Syndrome 

One final disconnection theory that implicates the corpus callosum is Tim Crow’s 

theory of schizophrenia as a “transcallosal misconnection syndrome”, affecting paths 

of the corpus callosum that connect homologous language regions in each 

hemisphere, that were later to evolve in humans, and thus are later to develop in 
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normal neurodevelopment  (Crow, 1998, Crow, 1997). The callosum is the brain’s 

major interhemispheric commissure and maps cortical regions topographically  

(Aboitiz et al., 1992a, Aboitiz et al., 1992c). Crow’s theory emphasized the central 

role of the callosum in disruptions to functional and structural brain laterality in 

schizophrenia, particularly involving language-associated areas in the temporal 

cortex. Crow postulated that the genetic “persistence” of schizophrenia over time and 

across cultures suggested that the disease must be strongly linked to a behavioural or 

cognitive feature specific to the human species, such as language. He proposed a 

“genetic change” or “speciation event” which resulted in hemispheric specialization 

and increased asymmetry, and he proposed that this feature was the ability to use 

language given the essentially universal nature of genetic symptoms in schizophrenia  

(Crow, 1998, Crow, 1997). This increased functional asymmetry (or hemispheric 

dominance for language) in non-schizophrenic individuals permitted time-critical 

aspects of language to be processed in the same hemisphere to maximize processing 

speed.  In schizophrenia the failure of this specialization results in abnormalities in 

neural timing, resulting in the inability to distinguish one’s own thoughts from 

externally generated speech. Although far from universally accepted, there is some 

supporting evidence from fMRI work that suggests decreased lateralization of 

language to the left hemisphere in schizophrenia patients  (Sommer et al., 2003, 

Sommer et al., 2001b), with decreased lateralization being correlated with the severity 

of delusions  (Sommer et al., 2003), in addition to reduced lateralization on measures 

of structural asymmetry and dichotic listening studies  (Sommer et al., 2001a). 

 

1.2.4.4 Summary 

These three models each provide large-scale network models for dysconnectivity 

syndromes in schizophrenia, involving multiple disparate grey matter regions whose 

functional synchrony is notionally felt to be disrupted. In none of those models was an 

underpinning abnormality in anatomical connectivity described as a key component 

of the model. Whilst Friston did not describe anatomical disruptions to connectivity as 

being necessary to cause functional disruptions, Bullmore et al published one of the 

first theories that attempted to bring together functional dysconnectivity and aberrant 

neurodevelopment with a parsimonious solution, in what they termed the “dysplastic 

net” hypothesis  (Bullmore et al., 1997). In this model, they posited that some form of 

impairment to neurodevelopment during the second half of gestation (with resultant 
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“dysplasia”) could be responsible for alterations to asymmetry, and alterations to 

intra- and inter-hemispheric white matter tracts. This model, which is rarely cited in 

the subsequent literature, provided a substantive anatomical link between the initial 

dysconnectivity hypothesis and the large-scale network hypotheses that followed. 

Ultimately, much of the subsequent data examining anatomical networks in 

schizophrenia, which are reviewed in the following sections, are consistent with their 

hypothesis. Disrupted connectivity at the level of the synapse may well play a key 

role in schizophrenia (or in a number of patients with schizophrenia) but given the 

large-scale nature of these networks, it may also be possible that altered connectivity 

at the distal rather than local level may be involved. To determine if these structures 

play a role, we need to examine the data for structural changes in schizophrenia in 

general, and then the evidence for white matter alterations in particular. 

  

 

1.3 Brain Structural Changes in Schizophrenia 

 

Structural brain abnormalities in schizophrenia were first detected with computerized 

tomography (CT) scanning, with ventricular enlargement in of established 

schizophrenia patients robustly demonstrated across multiple samples  (Johnstone et 

al., 1976, Weinberger et al., 1979). The advent of magnetic resonance imaging (MRI) 

technology, and its vastly superior resolution and improved contrast between grey and 

white matter, revolutionized the study of regional brain changes in a range of 

neurological and psychiatric disorders including schizophrenia. Since the first MRI 

study on schizophrenia in 1984  (Smith et al. 1984), many hundreds of MRI studies 

have been undertaken across multiple illness stages in schizophrenia patients, and 

have provided key insights into the neuroanatomical changes in the illness  (for 

excellent reviews, see Wright et al. 2000; Shenton et al. 2001; Liddle and Pantelis 

2003) (McCarley et al., 1999). 

 

1.3.1 Global Differences 

Global brain size has not been reported to be different between schizophrenia patients 

and controls in all studies  (McCarley et al., 1999, Shenton et al., 2001), although a 

meta-analysis of prior studies in 2000 suggested a whole-brain reduction in 

schizophrenia of about 2 percent  (Wright et al. 2000). The greatest contribution to 
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this volume reduction appears to be due to reduction in the volume of grey matter, 

although white matter reduction has also been reported and appears to be in the region 

of 1-2%  (Wright et al., 2000). A meta-analysis of patients at first-episode has also 

demonstrated whole brain volume reductions of a similar magnitude, suggesting that 

these changes are present at the onset of illness  (Steen et al., 2006b). 

 
1.3.2 Temporal Lobes 

One of the most consistently, albeit not invariably, reported findings in established 

schizophrenia patients at a group level is a reduction in temporal lobe volume  

(McCarley et al., 1999, Shenton et al., 2001, Shenton et al., 1997, Wright et al., 2000), 

particularly affecting the amygdala and hippocampus; these findings may also be seen 

at the first episode  (Fannon et al., 2000). Alterations are also seen in affective 

psychosis, although these findings differ significantly from those seen in 

schizophrenia-spectrum illness  (Velakoulis et al., 2006c) (Velakoulis et al. 1999). 

Volume reduction in the superior temporal gyrus (STG) has similarly been 

consistently demonstrated in studies comparing established schizophrenia patients and 

controls  (Shenton et al., 2001), is present at first episode  (Takahashi et al., 2009), 

and is not present in affective disorder with psychosis  (Hirayasu et al. 1998). 

Reduction in volume in the STG also may be associated with more severe thought 

disorder  (Shenton et al. 1992) and auditory hallucinations  (Levitan et al., 1999). 

 

 
1.3.3 Frontal Lobes 

Analyses looking at total frontal brain volume generally show a subtle reduction in 

total volume  (Shenton et al., 2001, Wright et al., 2000), which is generally seen in 

about half of all studies  (McCarley et al., 1999). However, this global subtle 

reduction may well mask some highly specific regional reductions, particularly in 

prefrontal heteromodal regions, such as dorsolateral prefrontal cortex  (Liddle and 

Pantelis, 2003). There is also an emerging evidence base suggestive of alterations to 

morphology and thickness of the cingulate cortex  (Fornito et al., 2009), as well as the 

orbitofrontal cortex  (Pantelis et al., 2003b, Bellani et al., 2010).  

 

1.3.4 Ventricular System 

Ventricular enlargement in schizophrenia is one of the most robust and well-
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replicated findings in schizophrenia, first demonstrated in CT studies  (Johnstone et 

al., 1976, Weinberger et al., 1979), and particularly affects the lateral ventricles  

(McCarley et al., 1999). In a review of MRI studies undertaken up to 2000, 

enlargement of the lateral ventricles was the most common finding in volumetric 

studies, occurring in 80% of all analyses; temporal lobe reductions were seen in 74% 

of studies, enlargement of the third ventricle in 70% of studies, and corpus callosum 

reductions in 63%  (Shenton et al. 2001). These enlargements in lateral ventricular 

volume in established schizophrenia are generally in the order of 20% when 

compared to well-matched controls  (Wright et al. 2000).  

 
 

1.4 White Matter As a Substrate for Disconnectivity in Schizophrenia 

The preceding section has described the evidence of structural changes to grey matter 

and CSF compartments in schizophrenia.  There is increasing evidence that there is 

significant change to the white matter compartment in schizophrenia  (Davis et al., 

2003c, Walterfang et al., 2006c).  

 

The first 10-15 years of MRI research in schizophrenia, focused almost exclusively on 

grey matter changes with the field viewing white matter fibres as relatively “passive” 

inter-connecting structures. Evidence then began to emerge that alterations to white 

matter may be as crucial as changes to cortical regions in the pathophysiology of 

schizophrenia. Interest in the role of white matter in schizophrenia first grew out of 

the literature demonstrating an increased rate of schizophrenia-like psychosis in a 

number of disorders affecting white matter fibres. These observations then stimulated  

studies of white matter at a neuropathological, neurogenetic and neuroradiological 

level in schizophrenia. Each of these will be described directly below. 

 

1.4.1 Normal White Matter Development 

The brain’s complexity arises as a result of its rich inter-connectedness. Throughout 

primate evolution, there has been a disproportionate increase in white matter volume 

compared to grey matter, particularly in the prefrontal zones, which reaches its 

maximum in humans  (Schoenemann et al., 2005). White matter makes up close to 

half the adult brain’s cross-sectional area and volume  (Morell and Norton, 1980, 

Miller et al., 1980), with greater volume in the left hemisphere  (Gur et al., 1980). 
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Whereas neurons develop early in gestation and are entirely present at birth, white 

matter only begins to form during the middle trimester of pregnancy (Nolte, 1999), is 

partially complete at birth and approximately 90% complete by 24 months of age  

(Byrd et al., 1993).  

 

Myelination is one of the key processes involved in the development and maturation 

of white matter, occurring throughout childhood, adolescence and early adulthood, 

refining neuronal connections to increase the efficiency of neural transmission. 

Axonal fibers are gradually enveloped with myelin, a fatty sheath provided by 

specialized glial cells, oligodendrocytes, in the central nervous system; one 

oligodendrocyte can sheath up to 60 neighbouring axons. Once myelinated, the 

velocity of impulse conduction along an axon is markedly increased and its energy 

efficiency is enhanced  (Barkovich 2000; Webb, Monk and Nelson 2001). 

Myelination has been examined in early histochemical studies on postmortem human 

brain tissue. According to Yakovlev and Lecours  (Yakovlev and Lecours 1967), the 

most rapid myelination occurs between mid-gestation and the first two postnatal 

years, then slows dramatically, but continues well into mid-adulthood. These findings 

have been supported by findings on MR imaging  (Barkovich et al. 1988; Bartzokis et 

al. 2001). As a synchronized and highly organized process, myelination in humans 

follows a particular spatiotemporal pattern: it follows the direction of neural 

conduction (a caudo-rostral pattern), and earlier-functioning (and phylogenetically 

older) brain systems myelinate early, whereas later-functioning systems myelinate 

later  (Kinney et al. 1994). As a result, brainstem and cerebellum myelinate prior to 

diencephalon, posterior and then anterior cortical regions  (Filley, 2001) and the 

latest-myelinating regions are cortical association and commissural areas, where 

myelination continues well into adulthood, and then proceeds slowly until the sixth 

decade (Yakovlev and Lecours, 1967, Benes et al., 1994). White matter density and 

organization increases as this process ensues (Klingberg et al., 1999, Paus et al., 2001, 

Schmithorst et al., 2002).  

 

Maturity of personality development has been ascribed to anterior cortical 

myelination  (Filley, 1998), as may mid-life changes in mental functioning  (Benes et 

al., 1994). During adolescence and the first three decades of adulthood, grey matter 

shrinkage occurs, and continues across life  (Lim et al., 1992, Pfefferbaum et al., 
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1994) while white matter volume expands, producing an overall constancy in brain 

volume across early to mid adulthood  (Yakovlev and Lecours, 1967, Benes et al., 

1994, Bartzokis et al., 2001, Miller et al., 1980) with a negative correlation between 

gray:white matter ratio and age during this period  (Miller et al., 1980, Bartzokis et 

al., 2001). After this time, the loss of white matter as the brain ages exceeds that of 

grey matter due to progressive desaturation of myelin lipid (Guttman et al., 1998, 

Salat et al., 1999), and age-related “cortical atrophy” may relate more to loss of white 

than grey matter tissue (Filley, 2001).  

 

 

1.4.2 Psychosis Occuring In White Matter Diseases 

One of the first clues to the involvement of white matter in psychotic disorders comes 

from the literature on disorders of white matter development and structure that are 

known to be associated with a high prevalence of psychosis ie. “psychotogenic”.  

High rates of psychosis are seen in disorders which disrupt late myelination processes 

in the crucial developmental window of late adolescence and early adulthood. 

Dysmyelination is a term used to describe the abnormal formation or development of 

myelin, and occurs most commonly in the leukodystrophies, which may present in 

both children and adults  (Menkes, 1990). A number of dysmyelinating diseases have 

been strongly associated with psychosis, as have disorders that disrupt transmission 

across key cortico-cortical association tract. These disorders, and their association 

with psychosis, will be reviewed in the following sections.  

 

1.4.2.1 Dysmyelinating Disorders 

1.4.2.1.1 Metachromatic Leukodystrophy 

Metachromatic leukodystrophy (MLD), an autosomal recessive, incompletely 

penetrant genetic deficiency of the lysosomal enzyme arylsulfatase A (ASA), is 

protean in its presentations such that in younger patients, seizures and motor 

symptoms predominate with psychiatric manifestations and dementia occurring in 

adult onset (Shapiro et al., 1994, Suzuki et al., 2001, Dulaney and Moser, 1978). 

Hyde et al (Hyde et al., 1992) reviewed published case reports and found 53% of 

patients with illness onset between ten and thirty years of age had psychotic 

symptoms, including auditory hallucinations, systematized delusions, formal thought 

disorder, catatonic posturing and inappropriate affect. This may produce functional 
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impairment of prefrontal connectivity to other cortical and subcortical regions at a 

critical period of CNS development (Weinberger, 1995, Hyde et al., 1992, Hyde et al., 

1991), and adult MLD patients do show significant frontal-executive impairments  

(Shapiro et al., 1994). This may mirror the frontostriatal, frontotemporal and 

frontoparietal disconnectivity seen in schizophrenia (Pantelis et al., 1997, Friston and 

Frith, 1995, Honey et al., 2002, Burns et al., 2003), and/or disinhibit limbic systems 

(Merriam et al., 1989), to produce a schizophrenia-like psychosis  (Black et al., 2003). 

Notably, genotype is predictive of a psychotic presentation.  The P426L mutation in 

ASA predicts ataxia, spastic paraparesis and dystonia, whereas compound 

heterozygotes for the I179S mutation present with schizophrenia-like psychosis, 

executive impairments, and minimal motor disease  (Rauschka et al., 2006), even 

though these two different mutations do not seem to differentially affect the 

expression of sulfatide isoforms  (Colsch et al., 2008). 

 

1.4.2.1.2 X-Linked Adrenoleukodystrophy 

The picture with X-linked adrenoleukodystrophy (ALD) is somewhat different. 

Defective beta-oxidation of very long chain fatty acids (VLCFAs) is the hallmark of 

the disease, and dysmyelination in the central and peripheral nervous system develops 

in the posterior parietal and occipital zones as well as thalamus, callosum and 

brainstem structures (Patel et al., 1995). Additional CNS inflammation and 

perivascular infiltration results in significant demyelination (Moser, 1997). A 

minority of cases present in adulthood, and rarely beyond middle-age (Moser, 1997). 

As in  MLD, the clinical phenotype relates to the age of onset of symptomatology.  

Kitchin et al (Kitchin et al., 1987) found that 60% of ALD sufferers presented with 

psychiatric symptoms at illness declaration, 17% exclusively with psychiatric 

symptoms, and that all adult-onset patients presented psychiatrically. Changes in 

behaviour are most common, with mania or affective psychosis more common than 

non-affective psychosis  (Rosebush et al., 1999). Schizophrenia-like psychosis does 

however still occur (Garside et al., 1999, Menza et al., 1988, Angus et al., 1994, 

James et al., 1984, Ramos-Rios et al., 2009). Why ALD presents with severe affective 

states rather than non-affective psychosis is unclear, although it may relate to the 

presence of demyelination  in ALD but not MLD, and the more posterior regional 

distribution of white matter disturbance in ALD. 
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1.4.2.1.3 Pelizaeus-Merzbacher Disease 

Pelizaeus-Merzbacher disease (PMD) is an x-linked recessive disorder due to 

abnormalities in the gene encoding for the proteolipid protein (PLP), the major 

structural protein of CNS myelin, resulting in patchy myelin loss as a result of 

oligodendrocyte apoptosis and/or axonal damage (Koeppen and Robitaille, 2002). 

PMD is also variable in its onset and clinical manifestations, as a result of differing 

mutations in the PLP gene, with motor disturbance including parkinsonism common  

(Seitelberger, 1995). Dementia and psychiatric dysfunction, including psychosis, are 

common in adult-onset cases (Filley, 2001), although adult-onset PMD is rare 

(Seitelberger, 1970). Psychosis occurs in the fourth or fifth decade (Lowenberg and 

Hill, 1933, Sasaki et al., 2000). PLP has been implicated in schizophrenia, and 

downregulation of the gene encoding PLP has been reported in schizophrenia  

(Tkachev et al., 2003), and in animals treated with NMDA-antagonists in 

experimental models of schizophrenia (Paulson et al., 2003). Altered transcription of 

PLP has been implicated in extra-pyramidal side effects in schizophrenia patients  

(Aberg et al., 2010). Reduced oligodendrocyte numbers have also been reported 

(Uranova et al., 2004), raising the possibility that impaired myelin function may 

underlie psychosis in some patients (Davis et al., 2003b).  

 

1.4.2.1.4 Cerebrotendinous xanthomatosis 

Cerebrotendinous xanthomatosisis (CTX) is a rare autosomal recessive disorder 

caused by mutations of the serol-27-hydroxylase gene on 2q35 (Lee et al., 2001) that 

results in increased tissue cholestanol and defective bile acid synthesis (Salen and 

Grundy, 1973). Accumulation of cholestanol in the CNS leads to neuroaxonal 

dystrophy and accelerated apoptosis (Moghadasian et al., 2002). Individuals develop 

xanthomas, cataracts, mental retardation or dementia, and varying movement 

disorder. Global reduction in grey and white matter volume, reduced white matter 

intensity and callosal atrophy are noted on structural imaging (Berginer et al., 1994, 

Dotti et al., 1994). MRS findings suggest that axonal metabolic dysfunction rather 

than demyelination are responsible for the diffuse white matter findings (De Stefano 

et al., 2001). Two case series of CTX patients with psychiatric disturbance have been 

reported.  In one series, 3 of 35 cases suffered a neuroleptic-responsive psychotic 

disorder  (Berginer et al., 1988). A second series found psychiatric disturbance in 7 of 

10 CTX patients, predominantly agitation and psychosis (Dotti et al., 1991). 
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Depression has also been reported (Shapiro, 1983, Lee et al., 2002). Because of the 

exceptional rarity of CTX and the small number of case reports, definitive 

conclusions are difficult to draw although it may be that the axonal dysfunction is 

reflected in a preponderance towards psychotic symptoms until gross neuronal loss 

(and dementia) supervenes.  

 

1.4.2.1.5 Phenylketonuria 

Phenylketonuria (PKU) occurs due to deficiency of phenylalanine hydroxylase, and 

resultant hyperphenylalaminemia impairs the myelin-forming capacity of 

oligodendrocytes in addition to neuronal function (Pietz, 1998, Dyer et al., 1996). In 

untreated patients, gross white matter loss and cortical atrophy in the first five years 

of life result in mental retardation.  Early treated patients have subtle abnormalities of 

motor and cognitive function in addition to white matter changes on MRI (Pietz, 

1998). Psychosis associated with treated PKU has been reported  (Fisch et al., 1979, 

Lowe et al., 1980, Shiwach and Sheikha, 1998), with psychotic symptoms  thought to 

result from alterations to dopamine/serotonin flow in the prefrontal cortex (Tam and 

Roth, 1997).  The most common psychiatric disorders in treated PKU however are 

anxiety and depressive disorders at only a modestly increased rate (Pietz et al., 1997), 

suggesting that schizophrenia-like psychosis in PKU patients may be co-incidental. 

 

1.4.2.1.6 Niemann-Pick Type C Disease  

Niemann-Pick type C disease (NPC) is an autosomal recessive disorder of lipid 

storage characterized by variable degrees of cognitive decline, behavioural 

disturbance and neurological impairment (Vanier and Suzuki, 1998, Pentchev  et al., 

1995). White matter structures appear to be affected early (Zervas et al., 2001), 

particularly in the corpus callosum (German et al., 2002) and basal zones (Palmeri et 

al., 1994) as a result of accumulation of membrane components in axon terminals 

(Ong et al., 2001, March et al., 1997), with later neuronal death in basal ganglia, 

hippocampus and diencephalic structures  (Elleder et al., 1985, Harzer et al., 1978, 

March et al., 1997, Ong et al., 2001). NPC may present in infancy, adolescence or 

adulthood with a clinically variable picture (Fink et al., 1989).  Neuroimaging in NPC 

commonly shows diffuse cerebral and cerebellar atrophy (Schiffman, 1996, Lossos et 

al., 1997, Shulman et al., 1995a, Fink et al., 1989, Tedeschi et al., 1998), callosal 

pathology  (Grau et al., 1997, Palmeri et al., 1994) white matter intensities (Tedeschi 
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et al., 1998, Grau et al., 1997, Fink et al., 1989, Uc et al., 2000) and abnormalities of 

fronto-striatal metabolism  (Campo et al., 1998, Tedeschi et al., 1998, Schiffman, 

1996). Psychosis may present as an initial symptom in 25-40% of adult-onset NPC 

(Shulman et al., 1995a, Turpin et al., 1991b, Vanier et al., 1991, Turpin et al., 1991a, 

Campo et al., 1998, Josephs et al., 2003, Walterfang et al., 2006a), occasionally as the 

sole initial manifestation  (Shulman et al., 1995b, Shulman et al., 1995a, Vanier et al., 

1991, Turpin et al., 1991b, Walterfang et al., 2006a). This high rate of psychosis in 

adult-onset sufferers appears to mimic the pattern found in MLD, although whether 

this occurs as a result of interruption to adolescent myelinative processes or 

frontal/subcortical pathology is unclear, and the small number of reported cases limit 

firmly-drawn conclusions. 

 

1.4.2.1.7 Nasu-Hakola Disease  

Nasu-Hakola disease (NHD), or membranous lipodystrophy, is an autosomal-

recessive rare cause of presenile (frontal) dementia  associated with cancellous bone 

cysts found predominantly in Finnish and Japanese lineages (Hakola, 1972). It 

generally presents with writst/ankle fractures in the third decade, neuropsychiatric 

symptoms in the fourth, and results in death in the fifth. NHD results from defects in 

tyrosine kinase binding protein (Pekkarinen et al., 1998), expressed by glial cells and 

osteoclasts (Paloneva et al., 2000). Arrested oligodendrocyte development causes 

aberrant axonal formation (Kaifu et al., 2003), frontal myelin loss (Paloneva et al., 

2001, Verloes et al., 1997) and frontal hypometabolism (Ueki et al., 2000). Diffuse 

white matter changes are seen on magnetic resonance imaging (Paloneva et al., 2001). 

Most commonly presenting as frontal dementia, cognitive change may be preceded by 

schizophrenia-like psychosis (Kobayashi et al., 2000, Ueki et al., 2000, Klunemann et 

al., 2005).  Early psychosis may represent the initial result of impaired myelination, 

with frontal symptoms appearing as frontal axonal tracts degenerate and frontal cortex 

is progressively de-afferented  (Klunemann et al., 2005). 

 

1.4.2.1.8 Summary and Comparison to Non-Psychotic Dysmyelinating Diseases 

The appearance of psychotic symptoms in “dysmyelinating” disorders has been 

suggested to result from effects on frontal and callosal regions, with sparing of 

immediately subcortical fibres. When these latter fibres are later affected, dementia 

and neurological symptoms supervene psychosis (Esiri, 2000).  Other dysmyelinating 
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diseases however are not known to be associated with an elevated rate of psychosis, 

perhaps due to the timing and regionality of white matter disease. Krabbe’s disease or 

globoid-cell leukodystrophy (GCL) results in accumulation of oligodendrocyte-toxic 

galactosylsphingosine (Wenger et al., 2000) and dysmyelination in posterobasal 

regions (Kapoor et al., 1992). Adolescent and adult-onset cases present with 

symptoms consistent with regional myelin loss – paresis, cerebellar signs, and cortical 

blindness, but no psychosis (Satoh et al., 1997). Alexander’s disease, a 

leukodystrophy caused by mutations in the gene for glial fibrillary acidic protein, 

produces diffuse rostrocaudal myelin loss (Johnson, 2002). Rare adult-onset cases 

may mimic multiple sclerosis with motor symptoms (Russo et al., 1976) or present 

with dementia (Murphy et al., 1990). A rare hereditary adult form presents 

neurocognitively and psychiatrically normal due to a sparing of most cortical white 

matter (Namekawa et al., 2002). Psychosis has not been reported in adult cases. The 

distribution of white matter changes, such that they do not interrupt crucial fronto-

temporal myelination in adolescence and early adulthood, may be the reason that 

these illnesses do not present with psychosis. 

 

1.4.2.2 Demyelinating Disorders 

Multiple sclerosis (MS) is a degenerative disorder with a relapsing-remitting course, 

the hallmark of which is progressive multifocal demyelination of white matter, 

leading to axonal degeneration (Lucchinette et al., 2001). The most common 

neuropsychiatric presentations consist of slowed cognition, executive dysfunction, 

depression or mania, personality changes and pathological crying (Rodgers and 

Bland, 1996, Hurley et al., 1999, Paparrigopoulos et al., 2010). The relative risk of 

psychosis may be increased in MS, although by a very modest degree compared to 

that found in the leukodystrophies, if at all (Grant, 1986, Surridge, 1969, Davison and 

Bagley, 1969, Parker, 1956 , Feinstein, 1999, Beatty, 1993, Kosmidis et al., 2010). 

Appearance of psychosis in MS does not appear to relate to lesion load  (Diaz-

Olavarrieta et al., 1999) but instead to site, with frontal and temporal periventricular 

regions predominating (Feinstein et al., 1992, Kohler et al., 1988, Reischies et al., 

1988, Honer et al., 1987, Fontaine et al., 1994, Ron and Logsdail, 1989, Kosmidis et 

al., 2010, Reiss et al., 2006). Schilder’s disease, a rare form of MS that presents with 

massive intracranial lesions (Kotil et al., 2002), has been associated with psychosis 

with frontal lesions (Ramani, 1988). Progressive multifocal leukoencephalopathy 
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(PML), a rare post-viral demyelinating condition resulting in multifocal 

demyelination of subcortical white matter (Suzuki et al., 2001) has only very rarely 

been associated with psychosis (Carroll et al., 1994). This relative paucity of 

psychosis in demyelinating disease is likely related to the maturity of CNS structures, 

focal rather than diffuse white matter involvement (causing psychosis perhaps only 

when critical circuits are disrupted to a marked degree), and regional lesional 

variability. 

 

1.4.2.3 Neoplastic Disorders 

A range of neoplasms affect white matter structures, resulting in cognitive impairment 

and psychosis (Filley, 2001). Gliomatosis cerebri (GC), a rare infiltrative neoplasm, 

appears in adulthood and preferentially infiltrates and affects white matter structures 

in a diffuse and continuous fashion (Ponce et al., 1998, Artigas et al., 1985), 

preserving cerebral architecture whilst the infiltrating white matter. The cell of origin 

can be an oligodendrocyte, an astrocyte or a transitional glial cell (Artigas et al., 1985, 

Balko et al., 1992). Personality change is often reported as a harbinger of frank 

neuropsychiatric disturbance (Artigas et al., 1985), although psychosis may be the 

only presenting symptom for some years  (Vassallo and Allen, 1995).  

 

Common gliomas (astrocytomas, oligodendrogliomas and ependymomas) arise 

principally from white matter structures. Function is disrupted through local deviation 

of adjacent normal axons and dissemination along association pathway tracts (Geer 

and Grossman, 1997). Furthermore, oligodendrogliomas not uncommonly localize to 

frontal lobe white matter, and appear to have a higher rate of psychosis – up to 20% 

of patients  (Ludwig et al., 1986). Anterior CNS neoplasms tend to result in psychosis 

at a higher rate than posterior tumours (Filley and Kleinschmidt-DeMasters, 1995), as 

do neoplasms impinging upon the callosum or periventricular white matter  (Lisanby 

et al., 1998). Psychotic symptoms may arise from interruption of crucial networks 

linking frontal to subcortical or other cortical regions rather than perturbation of 

normal developmental processes. Cranial irradiation for CNS neoplasms  produces 

white matter oedema, early and late demyelination and necrosis as a result of direct 

injury to oligodendrocytes (Sheline et al., 1980) and rarely appears to result in 

psychosis (Filley, 1999).  
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1.4.2.4 Inflammatory Disorders 

1.4.2.4.1 Systemic Lupus Erythematosis 

Inflammatory CNS disease has been associated with psychosis, particularly with 

systemic lupus erythematosus (SLE), an inflammatory multisystem connective tissue 

disease that affects the CNS in to 70-80% of SLE sufferers when it is known as  

“neuropsychiatric lupus” (NPSLE)  (West, 1994, Brey et al., 2002). When cognitive 

impairment is present, the deficits present in a “subcortical” pattern - reduced 

processing speed, attention and visuospatial skills in the absence of language 

impairment (Denburg et al., 1997). Ischemic lesions in grey and white matter occur 

(Johnson and Richardson, 1968) as well as axonal tract degeneration mediated by 

CNS auto-antibodies and cytokine activation (West, 1994, Jennekens and Kater, 

2002). Lesions present as hyperintense on T2 MRI  (Jacobs et al., 1988, Primich et al., 

2002, Kim et al., 2000) and abnormalities on proton magnetic resonance spectroscopy 

(MRS)  (Axford et al., 2001, Brooks et al., 1999). Psychosis, alongside seizures, is the 

only neuropsychiatric manifestation included in the American College of 

Rheumatology’s diagnostic criteria for SLE (Tan et al., 1982). Early series suggested 

psychosis at rates of 16% (Estes and Christian, 1971) although more recent data 

suggests it occurs at less than 5%, with mood disorders more common (Mok et al., 

2001, Mack et al., 2002, Brey et al., 2002, Turkel et al., 2001). SLE may also be a 

covert etiology in 1% of acute psychiatric admissions (Hopkinson et al., 1992), 

leading to speculation that schizophrenia and SLE share a common, auto-immune 

vulnerability  (Funauchi et al., 2002, Rudin, 1979).  

 

Psychosis in SLE has been linked to titres of the T-cell modulating anti-ribosomal P 

(ARPA) antibody in some (Yoshio et al., 1995, Bonfa et al., 1987, Bonfa and Elkon, 

1986, Schneebaum et al., 1991, Isshi and Hirohata, 1998)but not all studies (VanDam 

et al., 1991). Similarly, antiphospholipid antibodies (APLAs), which cause thrombotic 

CNS infarcts (van Horn et al., 1996, Triplett, 2020), have also been associated with 

psychosis in SLE and in antiphospholipid syndrome (APS) in some (Mok et al., 2001, 

Lai and Lan, 2000, Alarcon-Segovia et al., 1992) but not all (Sachse et al., 1995, 

Golstein et al., 1993) studies. More recently, neuropsychiatric lupus was strongly 

associated with the anti-Rab guanosine diphosphate dissociation inhibitor alpha 

antibody (anti-GDI) in a case-control study  (Kimura et al., 2010), with all four 
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patients who were anti-GDI positive presenting with psychosis. In all, up to 20 auto-

antibodies have been associated with neuropsychiatric lupus  (Zandman-Goddard et 

al., 2007). 

 

In APS, two small case series (Gorman and Cummings, 1993, Aharon-Peretz et al., 

1996) have reported elevated rates of schizophrenia and schizophreniform disorder. 

Anti-ganglioside antibody, which causes demyelination, reduced dendritic 

arborization and impaired conduction via binding to myelinated structures (Santoro et 

al., 1992, Takigawa et al., 1995, Kasarskis et al., 1981), has also been associated with 

NPSLE, in up to 30% of patients (Chen et al., 1997, Martinez et al., 1992, Pereira et 

al., 1992). Psychosis in SLE may then result from a combination of vascular lesions 

disrupting cortical networks and immune-mediated disruption of myelinated 

structures resulting in slowed or aberrant cortico-cortical conduction. 

 

1.4.2.4.2 Sjogren’s Syndrome 

Sjogren’s syndrome (SS) is an exocrinopathy with 25% of sufferers having CNS 

involvement (Alexander, 199, Moll et al., 1993) due to multifocal small-vessel 

angiopathy (Lafitte, 1998). Mood or anxiety disorder present in up to half of patients 

(Spezialetti et al., 1993, Malinow et al., 1985, Valtysdottir et al., 2000, Cox and 

Hales, 1999, Mauch et al., 1994). Reports of psychosis in primary SS are rare (Raps et 

al., 1986), and two large series have found high rates of affective illness (50-75% of 

patients), with no or low rates of psychosis (Malinow et al., 1985, Spezialetti et al., 

1993). The autoantibodies characteristic to SS are associated with neurologic rather 

than psychiatric impairment  (Moll et al., 1993, Spezialetti et al., 1993), and ARPAs 

are not present in this illness (Spezialetti et al., 1993). In addition, SS tends to present 

a decade or more later in life, suggesting that underlying CNS maturity as well as the 

absence of antibodies directed at myelinated structures are responsible for the lower 

rate of psychosis. 

 

1.4.3 Summary 

Convergent evidence suggests that a number of disorders that affect the normal 

neurodevelopment of white matter in the late adolescent/early adult period, and – to a 

lesser extent – normally formed myelin in adulthood, result in schizophrenia-like 

psychosis at an elevated rate, implicating white matter structures as a key substrate in 
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psychosis. If white matter structures are indeed implicated in the dysconnectivity that 

appears to underpin schizophrenia, then it could be expected that similar lines of 

evidence suggest alterations to white matter structures in schizophrenia. 

 

1.5 Evidence & Involvement of White Matter Change in Schizophrenia 

The preceding sections have presented information supportive of a number of 

convergent models implicating altered connectivity in schizophrenia, resulting in a 

postulate regarding the possible role of altered white matter in disruptions to large-

scale networks. We have seen that a number of illnesses affecting white matter appear 

to be particularly psychotogenic, and that these disorders tend to affect more anterior 

white matter regions in addition to impinging upon “late neurodevelopmental” 

processes. To understand the contribution of white matter pathology in “primary” 

schizophrenia, the next section will examine the neuropathological, neurogenetic and 

neuroradiological evidence for alterations to white matter structures in schizophrenia 

proper. 

 
1.5.1 Neuropathological Evidence 

1.5.1.1 Oligodendrocytes 

Glia, the predominant cell type in white matter (Allendoerfer and Shatz, 1994), are 

necessary for neuronal development and function via their regulatory, regenerative 

and protective functions as well as their structural role (Baumann and Pham-Dinii, 

2001). In section 1.4.1 the pattern of increasing myelination in early life was 

described. This occurs due to a consonant proliferation in oligodendrocyte (ODC) 

number during this period  (O'Kusky and Colonnier, 1982). ODCs & myelination 

were first implicated in schizophrenia in 1938 when swollen ODCs were observed in 

schizophrenia brains post-mortem (Elvidge and Reed, 1938). Evidence of disturbed 

structure and function of ODCs has come from a number of recent small studies  

(Uranova et al., 2001, Uranova and Orlovskaya, 1996, Uranova et al., 1996, 

Orlovskaya et al., 2000, Orlovskaya et al., 1997, Orlovskaya et al., 1999), which 

initially suggested reductions in density and size of ODCs in prefrontal and striatal 

regions (Orlovskaya et al., 1999), in addition to similar findings for the astrocyte 

lineage (Uranova et al., 1996). ODC ultrastructural alterations in frontal regions of 

schizophrenic patients, including reduced nuclear euchromatin and mitochondrial 

number, were associated with evidence of myelin damage (Orlovskaya et al., 1997), 
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and prefrontal cortical & caudate tissue in patients with schizophrenia and bipolar 

disorder showed evidence of reduced activity, apoptosis and necrosis of ODCs in both 

illnesses (Uranova et al., 2001). ODC density and total number have been found to be 

significantly reduced in the white matter of the superior frontal gyrus, associated with 

a comparable reduction in layer III of cortical area 9 (Hof et al., 2003, Hof et al., 

2002). A later study that examined these findings (which were derived from the 

publically-accessible Stanley Medical Research Institute database) found that ODC 

expression was linked to three key myelination-related genes: myelin oligodendrocyte 

glycoprotein (MOG), oligodendrocyte myelin glycoprotein (OMG) and proteolipid 

protein 1 (PLP1), with reductions in expression of these genes directly associated with 

the ODC reduction. Similar findings were seen with apoptosis-related proteins  (Kim 

and Webster, 2010b, Kim and Webster, 2010a). Reduced ODC number in 

schizophrenia was replicated in another sample by the same group, but similar 

reductions in patients with bipolar disorder and major depression compared to 

controls were also found suggesting that this may be a marker of severe mental illness 

generally (Uranova et al., 2004). Stark et al found reduced oligodendrocyte density in 

cingulate area 24 but not the adjacent paracingulate area 32  (Stark et al., 2004), 

although no reduction in number was seen in the cingulum bundle  (Segal et al., 

2009). The largely oligodendroglia-associated enzyme ADAM (A disintegrin and 

metalloprotease)-12 has been implicated in the pathophysiology of schizophrenia as 

the ADAM-12 gene is located on chromosome 10q26.3, a putative susceptibility locus 

for schizophrenia  (Ewald et al., 2002), and ADAM-12 expressing ODCs have been 

shown to be reduced in cingulate cortex of patients with established schizophrenia  

(Farkas et al., 2010). The functional implications of reduced ODC number are not 

entirely clear, although reduction of prefrontal ODCs in animal models has been 

shown to mimic some of the executive dysfunction in schizophrenia, including 

attentional set-shifting  (Gregg et al., 2009). 

 

ODCs are highly vulnerable to glutamatergic excitotoxicity (Alonso, 2000, McDonald 

et al., 1998, Segal et al., 2007), and are most susceptible from puberty onwards 

(Farber et al., 1995) although a hyperglutamatergic state occurring during the 

perinatal period can also affect ODCs and produce subtle early impairment of 

myelination (Rees and Harding, 1995, Rehn et al., 2004). Prematurity, intrauterine 

infection, and acute or chronic placental insufficiency are all strongly associated with 
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white matter pathology due to excitotoxic effects on ODCs (Rees and Inder, 2005), 

and it may be that mild or subclinical insults due to these factors cause more subtle 

ODC-mediated changes to myelination. Glutamatergic excitotoxicity on ODCs could 

thus potentially represent both neurodevelopmental “hits” implicated in schizophrenia 

, with the “first hit” occurring during the intrauterine/perinatal period and the “second 

hit” occurring during adolescence/early adulthood. Raised glucocorticoid levels 

secondary to acute or chronic stress have been shown to impair myelination in animal 

models (Bohn and Friedrick, 1982, Gumbinas et al., 1973) and also may play a role in 

the “second hit” at time of illness onset, but also in relapses of established illness 

(Bartzokis, 2002).  

 

ODCs also express much of the healthy adult CNS apolipoprotein D (apoD), a 

lipocalin that binds sex steroids and arachidonic acid (Navarro et al., 1998, Ong et al., 

1999). ApoD is elevated in response to neuropathology in a diverse group of illnesses 

(Rassart et al., 2000) and  has been found in elevated levels in a number of cortical 

regions in the CNS of schizophrenia sufferers (Thomas et al., 2001b, Thomas et al., 

2003) in addition to plasma (Mahadik et al., 2002), and has been reported as elevated 

following treatment with atypical but not typical antipsychotics  (Khan et al., 2002, 

Mahadik et al., 2002, Thomas et al., 2001a, Khan et al., 2003). Whether apoD 

elevation represents a non-specific marker of oligodendrocyte injury, a myelinative 

response to another CNS degenerative process, or the effect of antipsychotic 

medication is unclear, but raises the possibility of promyelinative agents being new 

therapeutic molecules for schizophrenia. Haloperidol and clozapine have also been 

shown to upregulate genes involved in glial cholesterol production, essential for 

myelination and synaptogenesis, in ODCs in a post-mortem microarray study, 

suggesting that current antipsychotics may themselves be promyelinative through 

direct effects on ODCs  (Fernø et al., 2005). 

 

These data provide evidence for altered oligodendrocyte-axon, oligodendrocyte-

neuron and oligodendrocyte-capillary interactions in schizophrenia brains suggesting 

a key role of damage and loss of oligodendrocytes in altered neuronal connectivity in 

schizophrenia  (Uranova et al., 2007, Segal et al., 2007). 
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1.5.1.2 Myelin 

Molecular abnormalities of myelin are attractive candidates for exploration for white 

matter involvement in schizophrenia  (Weickert and Weinberger, 1998). Myelination 

begins in the gestational period in some regions of the CNS, but continues post-

natally in others (Benes, 1989, Benes et al., 1994, Yakovlev and Lecours, 1967). 

Adolescence and early adulthood is when prefrontal and hippocampal connections 

achieve full myelination  (Benes et al., 1994), and this is the chief maturational 

“window” of onset for schizophrenia  (Rapoport et al., 2005). Some genetic linkage 

studies implicated myelination-related loci in schizophrenia  (Bailer et al., 2000, 

Levinson et al., 1998), but it was only with the advent of microarray studies that 

alterations to myelin at the genetic and proteomic level began to be implicated in the 

pathophysiology of schizophrenia. 

 

Early studies suggested a role for autoimmunity towards myelin basic protein (MBP), 

one of the chief structural components of myelin, in chronic patients (Livni  et al., 

1979, Kuritzky et al., 1976, Rimon et al., 1986). Reduced MBP immunoreactivity in 

the absence of lowered white matter volume has been demonstrated in post-mortem 

brains of chronic patients, suggesting the occurrence of subtle structural abnormalities 

of myelination that do not grossly disrupt brain volume  (Honer et al., 1999). The only 

attempted replication of this study found this reduction occurred only in females with 

both schizophrenia and bipolar disorder, which suggests a gender, but not disease-

specific, effect of major mental illness on structural components of myelin (Chambers 

and Perrone-Bizzozero, 2004).  Ultrastructural evidence of reduced sheath 

compactness, inclusion bodies and lamellar bodies, all markers of myelin destruction 

have been shown in post-mortem electron microscopy studies (Uranova and 

Orlovskaya, 1996, Orlovskaya et al., 1997, Uranova et al., 2001). Reduced levels of 

major structural phospholipids in myelin, sphingomyelin and galactocerebroside, have 

also been shown to be reduced in the absence of reduction of other membrane 

phospholipids in schizophrenic thalamus (Schmitt et al., 2004).  

 

1.5.1.3 Summary 

The neuropathological evidence, although far from conclusive, is suggestive of subtle 

pathology of ODCs and the membranes with which they ensheath axons. The 

reductions in size and density of ODCs in schizophrenia may be the result of 
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excitotoxicity during critical periods of myelination, or the target of infectious or 

other environmental agents at other points of neurodevelopment. That antipsychotics 

appear to affect the expression of a number of myelination-related proteins in 

oligodendrocytes suggests that part of their effect may be through the support of 

myelination. Other glial cell populations have been implicated in schizophrenia, 

including astrocytes (Moises et al., 2002) and microglia (Munn, 2000) although the 

evidence supporting their involvement remains relatively weak (Cotter et al., 2001). 

What remains to be elucidated however is how these changes in the cellular factories 

of myelin production relate to neuropathological changes in grey matter structures 

which have been widely and consistently reported in schizophrenia, and which also 

converge with a number of synaptic-related susceptibility genes (Harrison, 1999).  

 

 

1.5.2 Neurogenetic Evidence 

1.5.2.1 Gene Polymorphisms 

There is a strong genetic contribution to the development of schizophrenia, as 

confirmed by family, twin and adoption studies (Kendler et al., 1993, Cannon et al., 

1998a, Tienari et al., 1994). Genome-wide and more focussed linkage analyses have 

revealed a number of candidate regions, potentially containing susceptibility genes for 

schizophrenia. Although these have varied across different studies and populations, 

some regions have been consistently implicated in most populations (Lewis et al., 

2003). These regions can then be examined using haplotype analysis, which may 

yield single nucleotide polymorphisms (SNPs) in genes within these regions that 

show linkage disequilibrium in schizophrenia (Hennah et al., 2003). SNPs in human 

DNA involve the substitution of one nucleotide in a sequence with another. While 

most SNP occur outside DNA that codes for functional proteins, those that do occur 

within coding DNA can result in variation in expression, structure and/or function of 

a protein and, in polygenic disorders such as schizophrenia, may be markers for 

disease susceptibility. This approach has consistently highlighted the role of genes 

encoding dysbindin and neuregulin-1 in schizophrenia (Hennah et al., 2003), but has 

also shown some evidence of polymorphism in myelin and oligodendrocyte-

associated genes.  

 

The first SNP associated with a myelin or axonal structure/process was demonstrated 
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in NOGO (also known at reticulin 4, RTN4), a myelin associated protein which in 

oligodendrocytes regulates neurite outgrowth; a significantly higher rate of a CAA 

insertion was shown in schizophrenia sufferers compared to controls  (Novak et al., 

2002). This was not confirmed in other samples (Covault et al., 2004, Xiong et al., 

2005, Gregorio et al., 2005), and shown only for females in another (Tan et al., 2005).  

 

A mutation for the gene encoding the NOGO-66 receptor-1 (NGR1) has been found 

in a small number of treatment-resistant patients (Sinibaldi et al., 2004), and was 

confirmed by another group who showed not only that NGR1 locus variants were 

associated with schizophrenia in a Caucasian case-control analysis, and that neuronal 

cultures of NGR1 variants fail to transduce myelin signals into axonal inhibition  

(Budel et al., 2008). A study in a large Afrikaaner family confirmed this, finding two 

sequence variants in schizophrenia patients not seen in 600 control samples  (Hsu et 

al., 2007). This has been supported by animal models of schizophrenia (such as 

impaired working memory or alterations in NMDA-receptor functioning) in NOGO-

knockout or NGR1 variant mice  (Willi et al., 2010, Budel et al., 2008, Willi et al., 

2009, Hsu et al., 2007). This finding is of note as this gene is found in the 

schizophrenia susceptibility locus on chromosome 22q11.2, also the region of the 

microdeletion in velocardiofacial syndrome (Gothelf and Lombroso, 2001, Maynard 

et al., 2002), which commonly presents with schizophrenia-like psychosis (Pulver et 

al., 1994, Gothelf et al., 1997, Murphy, 2002).  

 

Evidence for disequilibrium has been shown for SNPs in myelin-associated 

glycoprotein (MAG), important for maintaining myelin-axonal contact and the spiral 

structure of myelin sheaths, in a Chinese population (Wan et al., 2005, Yang et al., 

2005). OLIG2 is a basic helix-loop-helix (bHLH) oligodendrocyte transcription factor 

that is sufficient and necessary for the formation of oligodendrocytes  (Ross et al., 

2003, Sauvageot and Stiles, 2002), and four SNPs showed association with 

schizophrenia in Caucasian  (Georgieva et al., 2006), Chinese  (Huang et al., 2008) 

but not Japanese  (Usui et al., 2006) samples. A weaker effect was found for 

myelin/oligodendrocyte protein (MOG), which plays a role in myelin maintenance 

and neurite outgrowth, in a similar population (Liu et al., 2005) although this has not 

been replicated (Zai et al., 2005). From the same population an association with a sole 

SNP for proteolipid protein (PLP1), a major structural component of myelin, was 
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shown in schizophrenia (Qin et al., 2005). While these findings are suggestive of 

rather than definitive for their involvement, they remain worthy molecular candidates 

due to their consistent involvement in gene expression studies.  

 

1.5.2.2 Gene Expression 

Whereas an individual’s genome is relatively static, expression of different genes 

within the genome varies considerably across time and between individuals, either 

according to neurodevelopmental trajectory or an illness process. Gene microarrays, 

which most commonly quantify the expression of mRNA, an intermediate product 

between DNA and protein, are able to interrogate tissue samples for thousands of 

genes simultaneously, to provide a pattern of gene expression that can be compared 

between tissue regions or between individuals or groups (Lockhart and Winzeler, 

2000). In complex and polygenic disorders such as schizophrenia, microarray 

technology can provide information on broad neurobiological processes as well as 

potential genetic differences between groups (Konradi, 2005), and can be followed up 

by genetic screening to identify schizophrenia susceptibility genes. For example, 

downregulation of mRNA transcripts for oligodendrocytes and myelination genes 

could indicate a loss of oligodendrocytes, which could be followed with 

neuropathological studies, or searches for polymorphisms in these genes themselves 

(Konradi, 2005). Gene microarray studies in schizophrenia, predominantly undertaken 

on dorsolateral prefrontal cortex samples, initially suggested alterations to genes 

controlling synaptic function (Hakak et al., 2001, Mirnics et al., 2000, Mirnics et al., 

2001b, Vawter et al., 2001) and metabolic enzymes (Prabakaran et al., 2004, Vawter 

et al., 2004), but have increasingly shown alterations in expression of genes 

controlling oligodendrocyte structure and function (Hakak et al., 2001, Hof et al., 

2002, Tkachev et al., 2003, Sugai et al., 2004).  

 

Hakak et al examined DLPFC in schizophrenia and identified five genes, all involved 

in formation & maintenance of myelin sheaths, significantly downregulated in 

schizophrenia sufferers compared to controls, in addition to a number of other 

upregulated genes involving synaptic plasticity, signal transduction and 

neurotransmission (Hakak et al., 2001).The downregulation of some of these genes, 

including myelin-associated glycoprotein (MAG), neuregulin receptor tyrosine kinase 
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(ERBB3), human epidermal growth factor 3 (HER3), transferrin and 2,3-cyclic 

nucleotide-3-phosphodiesterase (CNP), has been confirmed in other work in the 

DLPFC (Copland et al., 2002). In a study comparing schizophrenia and bipolar 

disorder sufferers with controls using both microarray and quantitative PCR, Tkachev 

et al found that both patient groups express the myelin-related genes for proteolipid 

protein (PLP1), oligodendrocyte-specific protein (CLDN11) and myelin-

oligodendrocyte protein (MOG) and MAG at two to five-fold lower rates than 

controls (Tkachev et al., 2003), suggesting that changes in myelin-related protein 

expression may be a marker for major mental disorder rather than schizophrenia per 

se. Sugai et al found that oligodendrocyte & astrocyte-related genes, particularly 

myelin basic protein (MBP), myelin-associated oligodendrocytic basic protein 

(MOBP) and myelin and lymphocyte protein (MAL) showed the most expression 

changes in schizophrenic DLPFC, followed by genes for growth factors and receptors 

(Sugai et al., 2004). These three key microarray studies found no effect of 

antipsychotic medication on transcripts (Tkachev et al., 2003, Hakak et al., 2001, 

Sugai et al., 2004), nor may these changes be assumed secondary to grey matter loss 

or myelin destruction, as alterations in myelin-related genes have not been shown in 

Alzheimer’s disease (Ho et al., 2001) or multiple sclerosis (Whitney et al., 1999). 

Interestingly, PLP1 is markedly downregulated following treatment with MK801, a 

psychotomimetic NMDA-glutamatergic antagonist used in animal studies to model 

schizophrenia (Paulson et al., 2003).  

 

A study looking at temporal rather than frontal cortex found similar alterations to 

MAG, MAL, CNP and PLP1 expression amongst other oligodendrocyte-related genes 

PLLP (plasmalipin, a myelin protein), ERBB3 (neuregulin receptor tyrosine kinase) 

and transferrin, suggesting that these changes are not limited to frontal cortex alone 

(Aston et al., 2004). Katsel et al extended this work to look at microarrays in a range 

of cortical regions, finding that oligodendrocyte and myelination-related genes coding 

for MAL, MAG, CNP, MOG, CLDN11, ERBB3 but most particularly transferrin, 

were altered in a variable pattern across differing brain regions, but were most altered 

in anterior & posterior cingulate, hippocampus and middle temporal gyrus (Katsel et 

al., 2005), key limbic system components whose functions are disrupted in 

schizophrenia. CNS transferrin has been suggested as a novel candidate for 

promyelinative therapy in schizophrenia (Woo and Crowell, 2005), as increased 
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transferrin levels promote myelination (Paez et al., 2002) and may be directly 

regulated by 5HT2c agonists (Woo and Crowell, 2005). Whereas most previous 

studies tended to look at ODC/myelination-related transcripts in grey matter, 

McCullumsmith et al examined cingulate white matter in patients with schizophrenia, 

and found reductions of MAG, CNP, transferrin and quaking (QKI) in white matter  

(McCullumsmith et al., 2007); additionally, their sample size was large enough to 

permit comparison of medicated and unmedicated patients, suggesting that these 

changes are not secondary to treatment with antipsychotics.  

 

Dracheva et al found similar reductions of a range of myelination mRNA, including 

MAG, CNP, and CLDN11, as well as peripheral myelin protein 22 (PMP22) and sex-

determining region y-box 10 (SOX10), but not PLP or MBP, were reduced in the 

hippocampus and anterior cingulate cortex in a regionally-specific fashion (Dracheva 

et al., 2005). A series of studies led by Haroutunian et al found reductions in MAG, 

MBP and CNP in the thalamus, superior temporal gyrus, hippocampus and cingulate 

gyrus in schizophrenia patients versus control  (Byne et al., 2008, Haroutunian et al., 

2007). CNP, MAG, MOG and galactosylceramosidase (GALC) expression were 

reduced in thalamus, putamen and internal capsule in schizophrenia patients, but not 

depressed patients  (Barley et al., 2009). Reduction in MBP levels in schizophrenia 

has also been correlated with the degree of disorganisation of pre-alpha-cell clusters 

at the grey-white matter boundary in enterorhinal cortex, suggesting disrupted 

neuronal migration may result from alterations to myelin-associated proteins  

(Parlapani et al., 2009). However not all samples have demonstrated clear changes; 

Mitkus et al found no changes in CNP, MAG and oligodendrocyte-lineage 

transcription factor 2 (OLIG2) in white and grey matter samples from the DLPFC in 

schizophrenia  (Mitkus et al., 2008). 

 

The only study of epigenetic factors in schizophrenic post-mortem tissue found that 

reduced levels of SOX-10, which regulates oligodendrocyte differentiation through 

regulation of gene transcription, were due to hypermethylation of SOX-10 and that 

the resultant reduced gene activity may result in impaired function and differentiation 

of oligodendrocytes (Iwamoto et al., 2005b). This was later confirmed in a study 

showing that a significant association in the genotype and allelic frequency of a single 

SNP between schizophrenia patients and controls  (Maeno et al., 2007). 
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Genetic variants in NOGO as described in the preceding section have been described 

as associated with schizophrenia. Elevated NOGO expression was seen in a 

postmortem sample of schizophrenia patients compared to controls  (Novak et al., 

2002), and when the A, B & C isoforms were examined separately in schizophrenia 

and depressed patients, NOGO C was significantly elevated in frontal cortex in 

schizophrenia patients with B reduced significantly in depressed patients  (Novak and 

Tallerico, 2006), suggesting that differing neuropsychiatric disorders present with 

different profiles of myelin-associated genes.  

 

The aforementioned QKI gene may be a crucial component. It is known to play a 

significant role in ODC differentiation and metabolism of myelin components such as 

MAG and MBP, and its expression is “upstream” to expression of many myelin-

related genes  (Wu et al., 2002). Studies of QKI expression in a range of cortical 

regions in schizophrenia patients demonstrated significant downregulation of QKI 

across most regions  (Haroutunian et al., 2006, Katsel et al., 2008, Aberg et al., 

2006a), suggesting that QKI under expression may be pivotal to widespread 

disruption of myelin-related genes in schizophrenia 2  (Aberg et al., 2006a, Aberg et 

al., 2006b). 

 

Whilst genetic variants may be responsible for altered expression, it is also possible 

that early environmental influences may play a role. In a mouse model, prenatal 

influenza infection was associated with reduction in MAG, MBP and PLP, which 

were associated with both subtle grey matter loss and reduction in white matter 

integrity as measured by diffusion tensor imaging (DTI)  (Fatemi et al., 2009). 

Notably, these models also demonstrated reduction in thickness, and microstructural 

integrity of the corpus callosum  (Fatemi et al., 2008, Fatemi et al., 2009). This could 

thus represent the “early hit” described in the early neurodevelopmental hypothesis 

described in section 1.2.1. However alterations to axonal/myelination development 

may also be consistent with a late neurodevelopmental hypothesis. Harris et al 

undertook whole-genome microarrays to examine the expression of late-

neurodevelopmental genes during this period, and used a template-based approach to 

examine genes whose peak of expression occurs between 15 and 25 years of age. 

They showed that, in addition to gene families involved in energy metabolism and 
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lipid synthesis, key genes involved in myelination reached their peak of expression 

during this period, including CNP, MAG, MOG, MBP, MOBP, CLDN11 and PLP  

(Harris et al., 2009). 

 

Regardless of an intrinsic or environmental origin, a reduction in expression of 

different myelination genes would produce a range of dysmyelinative changes in the 

brain. A reduction in ODC differentiation (QKI, SOX-10) and myelination by mature 

oligodendrocytes which results in less axonal myelination (transferrin, CNP) and 

altered ultrastructure of myelin sheaths due to disrupted axoglial contact  (PLP, MAG, 

MAL, CLDN11) then leads to impaired axonal transmission. Finally, microarray 

technology can also enhance animal models of schizophrenia. Rodents with prenatal 

influenza infection show downregulation of a number of CNS-related genes including 

PLP and MBP  (Fatemi et al., 2005, Fatemi et al., 2008, Fatemi et al., 2009), and 

when given phencyclidine show alterations in oligodendrocyte marker expression 

(Kaiser et al., 2004). It should be borne in mind that most array studies highlight a 

range of abnormally expressed molecules from a range of tissue classes, and whilst 

implicating abnormal myelination in the pathogenesis of schizophrenia, do not allow 

conclusions to be drawn as to the nature of its role. 

 

1.5.2.3 Summary 

The available genetic evidence for causative, or even susceptibility, alleles in genes 

that govern myelination is relatively weak, in comparison to those for synaptic 

plasticity and cortical microcircuitry (Harrison and Weinberger, 2005). What is clear 

is that a number of ODC and myelination genes are downregulated in schizophrenia 

and that these may be responsible for the reductions in ODC density and the integrity 

and maturation of the myelin sheaths they produce. These microarray findings are not 

specific to schizophrenia however, and have also been reported in bipolar disorder 

(Tkachev et al., 2003, Iwamoto et al., 2005a) and depression (Aston et al., 2005). 

These changes may represent downstream effects of other neuropathology or the 

response of a brain under extreme neurobiological stress from an episode of major 

mental illness. Alterations in the expression of myelination genes also appear to occur 

in concert with genes controlling a range of other homeostatic functions of the central 

nervous system, and thus it is difficult to determine which of these processes is most 

central to the broader neuropathological process occurring in brains of individuals 
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with established schizophrenia. Further studies examining for SNPs of myelination 

genes are needed to determine whether they do represent susceptibility genes, or are 

merely epiphenomena in a brain-wide process during the transition to and 

establishment of psychotic disorder.  

 

 

1.5.3 Neuroradiological Evidence 

1.5.3.1 White Matter Hyperintensities 

White matter hyperintensities (WMHs), which appear as hyper-intense regions in 

white matter on MRI, represent a diverse group of histopathologies such as myelin 

and perivascular thinning, gliosis, oedema and necrosis (Grafton et al., 1991, 

Chimowitz et al., 1992, Braffman et al., 1988, Awad et al., 1986, Drayer, 1988, Sze et 

al., 1986, Kertesz et al., 1988, Harvey et al., 1990a, Harvey et al., 1990b, Coffey et 

al., 1990). WMHs occur frequently in the non-psychiatric elderly with prevalence 

rates between 30% and 90% (Awad et al., 1987, Bradley et al., 1984), are associated 

with vascular risk factors (Deicken et al., 1991, Bondareff et al., 1990), and are 

present in other conditions such as affective disorders (Swayze et al., 1990b, 

Strakowski et al., 1993b, Dupont et al., 1990, Howard et al., 1993) and dementia 

(Mirsen et al., 1991, Fazekas et al., 1987, Kinkel et al., 1985, Hershey et al., 1987). 

Dysfunction may become apparent when a critical mass of tissue and cognitive 

reserve is disrupted  (Boone et al., 1992), and disorders may develop according to the 

regional specificity and load of lesions, and the state of the underlying CNS. In late-

onset schizophrenia, a mid to late-life insult rather than a neurodevelopmental process 

may be responsible for the presence of disease. Structural imaging findings overlap 

with early-onset disease, such as enlarged lateral ventricles and cortical atrophy, but 

also suggest a higher rate of WMHs suggestive of vascular lesions (Howard et al., 

1992, Burns et al., 1989, Naguib and Levy, 1987, Rabios et al., 1987). Initial MRI 

studies looking at younger patients with schizophrenia found no difference between 

schizophrenia sufferers and controls (Harvey et al., 1993, Bartzokis et al., 1991, 

Johnstone et al., 1986, Swayze et al., 1990b), but a more recent and sophisticated 

analysis of WMHs demonstrated that patients had significantly greater brain regions 

occupied by WMHs than bipolar patients or controls, particularly in frontal zones 

(Persaud et al., 1997). This pattern of hyperintensities matched those shown to 

represent demyelination as a result of foetal hypoxia (Baenziger et al., 1993), 
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suggesting that when present in early adulthood psychosis WMHs may be a marker 

for perinatal ischemic insult (Persaud et al., 1997), although Cannon et al’s study of a 

Finnish birth cohort suggested that foetal hypoxia exerts its effects through grey 

rather than white matter (Cannon et al., 2002). Whilst WMHs have not been reported 

in first-episode patients  (Zanetti et al., 2008), WMHs also are found commonly in 

late-onset schizophrenia patients (Walterfang et al., 2005a), and the temporal and 

frontal preponderance of lesions in older-onset patients disrupt connections between 

these two regions (Miller et al., 1992), perhaps disrupting networks already 

compromised by age-related neuronal and synaptic loss (Arnold, 2001).  

 

1.5.3.2 Total White Matter Volume 

Magnetic resonance imaging (MRI) studies in schizophrenia have consistently 

demonstrated enlarged lateral ventricles and grey matter volume reductions in medial 

and superior temporal regions  (Shenton et al., 2001, Pearlson and Marsh, 1999). 

White matter is more difficult to define and evaluate than grey matter using 

conventional MRI, as it appears uniform and homogenous and most volumetric MRI 

studies focus on grey matter findings and do not analyse or report white matter 

changes (Shenton et al., 2001, Shenton et al., 1997). However, the most robustly 

demonstrated MRI finding is enlargement of the cerebral ventricles, whose 

boundaries are largely made up of white matter structures and ventricular enlargement 

may be due in part due to volumetric reduction of adjacent white matter tracts 

(Christensen et al., 2004b). A number of studies have shown reductions in total white 

matter volume (WMV) (Antonova et al., 2005, Cannon et al., 1998b, Hulshoff Pol et 

al., 2004a), and a meta-analysis of volumetric studies has shown a 1-2% reduction in 

total WMV, a similar reduction to that seen in grey matter, in schizophrenia sufferers 

compared to controls (Wright et al., 2000). A comparison of schizophrenia sufferers 

and their siblings to controls found patients but not siblings showed significant total 

white matter reductions compared to controls, suggesting that white matter changes 

are of non-genetic origins (Cannon et al., 1998b), whereas a twin study found a 

similar reduction in discordant twin pairs suggesting the converse  (Hulshoff Pol et 

al., 2004a). There may also be an interaction between comorbid alcohol use and 

illness, resulting in an even greater loss of white matter volume  (Nesvag et al., 2007). 

One treatment study suggested a small reduction with four weeks’ treatment in acute 

psychosis, suggesting that psychosis itself may cause white matter volume changes 
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(Christensen et al., 2004b), although total volume does not appear associated with 

duration of untreated psychosis in first-episode patients (Ho et al., 2003a). There is 

however some evidence that reduction in total white matter volume may progress 

with age and duration of illness  (Bose et al., 2009).  A more recent study that 

followed up the 1966 Finland birth cohort, identifying all individuals with psychotic 

disorders, found that by age 33-35, a reduction of 2-3% of white matter volume, and 

demonstrated that it was independent of the effects of gender, family history, perinatal 

risk, or age of onset  (Tanskanen et al., 2009).  

 

1.5.3.3 Lobar/Regional White Matter Volume 

Region-of-interest (ROI) approaches have either focussed on parcellated cortical 

volumes, or volumes of specific white matter structures. Reduced prefrontal volume 

has been reported in a number of studies (Buchanan et al., 1998, Sanfilipo et al., 2000, 

Sigmundsson et al., 2001, Breir et al., 1992, Hulshoff Pol et al., 2002, Wible et al., 

2001, Paillere-Martinot et al., 2001, Mathalon et al., 2003), but has not always been 

replicated (Mathalon et al., 2003, Highley et al., 2003). Reduced frontal volume has 

also been associated with negative symptoms and poor outcome (Ho et al., 2003b), 

but, unlike total volume, not with treatment response (Arango et al., 2003). 

Reductions in temporal WM volume have been similarly reported (Okugawa et al., 

2002, Takahashi et al., 2003, Mitelman et al., 2003) and associated with poor outcome 

(Mitelman et al., 2003). Parietal and occipital volume have shown inconsistent 

changes with both increases (Lim et al., 1996, Milev et al., 2003) and decreases 

(Milev et al., 2003, Mitelman et al., 2003) demonstrated. In childhood-onset 

schizophrenia (COS), a study examining superior temporal gyrus (STG) volumes 

found bilateral increases in STG white matter (Taylor et al., 2005). In patients with 

reduced frontal volumes, negative symptomatology is more pronounced (Wible et al., 

2001, Sigmundsson et al., 2001, Sanfilipo et al., 2000, Paillere-Martinot et al., 2001). 

 

1.5.3.4 Defined White Matter Structures 

White matter structures, such as the fornix, internal capsule and corpus callosum, 

have a simple enough shape profile and are discrete enough from grey matter 

structures to make them suitable for regional volumetry. The fornix has been shown 

to have increased volume in one study, possibly reflecting hippocampal 

cytoarchitectural abnormalities (Davies et al., 2001). Conflicting with this, fornix 
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volume has been shown to positively correlate with parahippocampal and superior 

temporal cortical volumes in patients but not controls (Zahajszky et al., 2001), 

perhaps reflecting cortical volume loss in these areas. However a post-mortem study 

did not find that the fornix volume differed in schizophrenia patients from controls  

(Brisch et al., 2008). 

 

The anterior limb of the internal capsule (ALIC) contains fibres connecting medial 

and anterior thalamic nuclei with the cingulate and prefrontal cortex (Nieuwenhuys et 

al., 1988). A number of voxel-based studies found reductions in the ALIC in 

established and first-episode schizophrenia patients  (Paillere-Martinot et al., 2001, 

Sigmundsson et al., 2001, McIntosh et al., 2005a, Suzuki et al., 2002, Hulshoff Pol et 

al., 2004b, Velakoulis et al., 2002, O'Daly et al., 2007, Di et al., 2009, Chua et al., 

2007). The first manual tracing study found bilateral reductions of ALIC volume and 

an exaggeration of right greater than left symmetry in patients versus controls (Zhou 

et al., 2003). These findings have been replicated in established schizophenia  

(Goghari et al., 2010), first-episode illness  (Lang et al., 2006), and on the right side 

only in schizotypal personality disorder  (Suzuki et al., 2004). A smaller ALIC is 

associated with poor-outcome in established schizophrenia  (Brickman et al., 2006) 

and with ongoing psychopathology one year after the first psychotic episode in 

schizophrenia  (Wobrock et al., 2009). Non-psychotic family members have also 

demonstrated reductions in ALIC volume compared to healthy controls  (Wobrock et 

al., 2008). Reductions in ALIC volume have been shown to normalize after a year’s 

treatment with atypical antipsychotics  (Goghari et al., 2010). 

 

The other chief white matter structure is the corpus callosum, which, as the focus of 

this thesis, will be considered in more detail in section 1.6.  

 

1.5.3.5 Voxel-Based Morphometry 

Because the global reduction in heterogeneous populations may be very small 

(approximately 1%) (Wright et al., 2000), subtle focal changes may be lost with 

regional methods and other techniques such as voxel-based morphometry (VBM) may 

detect such changes (Ashburner and Friston, 2000). VBM analysis of whole-brain 

data suggests that established and first-episode schizophrenia patients have 

alterations, usually reductions, in frontal  (Paillere-Martinot et al., 2001, Pagsberg et 
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al., 2007, Price et al., 2006, Spalletta et al., 2003, Whitford et al., 2007) and temporal  

(Price et al., 2006, Spalletta et al., 2003, Whitford et al., 2007) white matter, corpus 

callosum (Hulshoff Pol et al., 2004b, Wolf et al., 2008), the anterior commissure 

(Hulshoff Pol et al., 2004b), internal capsule (Hulshoff Pol et al., 2004b, Zhou et al., 

2003, McIntosh et al., 2005b), and in long association fronto-temporal and fronto-

parietal connections  (Antonova et al., 2005, Walterfang et al., 2008a, Chan et al., 

2010, Chua et al., 2007, Seok et al., 2007). One study showed white matter volume 

reductions widespread throughout most bilateral cortical and subcortical WM regions, 

with an inverse correlation between WM volume and direction of illness  (Tanskanen 

et al., 2008). In a first-episode longitudinal study, Whitford et al showed that not only 

did patients have reductions in frontal and temporal white matter, but they also had 

significantly greater loss of temporal white matter volume than controls after a 2-3 

year interval  (Whitford et al., 2007). The only two studies examining ultra-high risk 

subjects found reductions in right temporal white matter in one  (Witthaus et al., 

2008), and, unexpectedly, expansions in left-frontal white matter  (Walterfang et al., 

2008a). In childhood-onset schizophrenia (, the only identified white matter 

abnormalities with VBM have been in the callosum, with a suggestion of altered 

midbody shape rather than area as a whole (Sowell et al., 2000). VBM has also 

revealed frontal WM volume losses in patients with velocardiofacial syndrome (van 

Amelsvoort et al., 2004). 

 

Changes in prefrontal white matter volume have been associated with alterations in 

hippocampal and superior temporal grey matter (Breir et al., 1992, Wible et al., 2001, 

Wible et al., 1995),  indicative of the tight anatomical linkage between these regions 

and that volumetric reductions may point to disruptions of frontotemporal 

connections. The normal age-related expansion in WM volume during adulthood also 

appears to be blunted or absent in schizophrenia (Bartzokis et al., 2003, Pantelis et al., 

2004), perhaps reflecting deficits in normal maturational myelination (Bartzokis et al., 

2003, Bartzokis, 2002). 

 

To resolve these overlapping but inconsistent findings, an activation likelihood 

estimation (ALE) analysis, a form of meta-analysis of neuroimaging result foci, of 

seventeen white-matter VBM studies showed that frontal white matter and ALIC were 

consistent findings in schizophrenia samples compared to controls, with the authors 
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noting “these results support the macro-circuit theory of white matter change in 

schizophrenia”  (Di et al., 2009). 

 

The utility of examining white matter alongside grey matter in schizophrenia 

populations was demonstrated by this author in a study complementing the paper by 

Pantelis et al.. this author et al examined ultra-high risk (UHR) individuals prior and 

subsequent to the development of psychosis and demonstrated that prepsychotic 

individuals had less grey matter in the right medial temporal, lateral temporal, and 

inferior frontal cortex, and in the cingulate cortex bilaterally. Patients who developed 

a psychosis  showed a reduction in grey matter in the left parahippocampal, fusiform, 

orbitofrontal and cerebellar cortices, and the cingulate gyri. During the course of this 

thesis, white matter maps from these individuals were examined. Expansions in left-

frontal matter were seen in patients who developed a psychosis prior to the onset of 

psychosis, compared to controls, and prior to the development of reductions in long 

association tracts from the frontal lobe with progression to psychosis  (Pantelis et al., 

2004, Walterfang et al., 2008a). 

 

1.5.3.6 Magnetic Resonance Spectroscopy 

Magnetic resonance spectroscopy (MRS) allows for the in-vivo examination of CNS 

metabolism, and a prominent peak in the spectrum of proton (1H)-MRS contains N-

acetyl groups, mostly NAA, an amino acid localized within neurons, dendrites and 

axons (Urenjak et al., 1993) as well as oligodendrocytes (Bhakoo and Pearce, 2000). 

In white matter, it is found at moderate levels in most large white matter tracts  

(Moffett and Namboodiri, 1995). NAA may function as a water pump in myelinated 

neurons (Baslow, 2002), and is crucial for post-natal lipid synthesis. The loss of NAA 

has been described as a marker of neuronal loss or axonal insult  (Moffett et al., 

2007). NAA concentration within white matter is slightly higher than in grey matter, 

hence loss of NAA signal in a given region of the brain requires consideration of the 

relative proportion of grey and white matter in that area before interpretation of its 

likely origin can be made (Hetherington et al., 1996). The finding of WM NAA 

reduction in the absence of white or grey matter volumetric reduction has been 

suggested to represent disruption in axonal connectedness  (Lim et al., 1998). A 

number of studies have suggested reduction of NAA in the frontal and temporal 

regions WM in schizophrenia, in both drug naïve (Choe et al., 1994) and chronic 
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medicated patients (Keshavan et al., 2000, Steel et al., 2001, Tang et al., 2007a, 

Tanskanen et al., 2008) but not in childhood-onset illness (O'Neill et al., 2004). In a 

study of older patients, significant reductions across brain regions were found, with 

more cognitively-impaired patients showing the greatest changes  (Chang et al., 

2007). In high-risk patients (defined as offspring of patients with schizophrenia, rather 

than pre-psychotic patients), prefrontal WM NAA levels were increased  (Keshavan 

et al., 2009) in one study, suggesting that pre-psychotic pathological processes in the 

cortex may diverge from those that occur with illness establishment and progression  

(Walterfang et al., 2008a). However although another study, which defined its ultra-

high risk group along Melbourne-cohort lines (see chapter 5) found NAA in the genu 

of the corpus callosum to be decreased in this group and first-episode schizophrenia 

subjects  (Aydin et al., 2008), mirroring results seen in established schizophrenia  

(Aydin et al., 2007a). In patients with established schizophrenia, both positive and 

negative symptom levels have been shown to correlate with genu NAA . However, a 

number of negative studies have been published, which showed no difference 

between schizophrenia patients and controls in left frontal WM in very early illness  

(Bustillo et al., 2010), in prefrontal WM in discordant twin pairs  (Lutkenhoff et al., 

2010) and in established deficit/non-deficit patients in left prefrontal/inferior parietal 

WM  (Rowland et al., 2009). A recent meta-analysis of NAA analyses in 

schizophrenia found that, although most studies were of chronic rather than first-

episode patients and were often underpowered, reductions of NAA in frontal WM is a 

robust finding across studies with an overall reduction of NAA of approximately 8%, 

in addition to similar reductions of GM (Steen et al., 2005). Given the uncertainty 

about whether MRS has the required precision and accuracy to detect small changes 

in NAA in psychiatric disorders, these results should be interpreted with caution until 

further adequately-powered studies are completed. 
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1.5.3.7 T2-Relaxometry 

In magnetic resonance imaging, spin-lattice or T1 relaxation time (T1R) and spin-spin 

or T2 relaxation times (T2R) progressively shorten with increasing myelination which 

results in a decrease in water content and the free to bound water ratio (Miot-Noirault 

et al., 1997, Pfefferbaum et al., 1994). In systemic lupus erythematosus, which 

disrupts cerebral white matter and is psychotogenic (Walterfang et al., 2005b), 

patients with neuropsychiatric disturbance show longer T2R both in visible WM 

lesions and normal-appearing white matter (Sibbitt et al., 1995). Initial ROI 

relaxometry studies in established schizophrenia showed prolongation of T2R but not 

T1R in frontal and callosal regions (Williamson et al., 1992, Andreasen et al., 1991, 

Harvey et al., 1991), suggestive of reduced or impaired myelination. These findings 

of impaired anterior myelination have been replicated in some (Flynn et al., 2003a, 

Hoptman et al., 2002) but not all (Spaniel et al., 2005, Supprian et al., 1997) studies. 

The only voxel-based relaxometry approach used eight contiguous axial slices and 

showed widespread T2R prolongation (Pfefferbaum et al., 1999), and with whole-

brain voxel-based relaxometry approaches now feasible at high field strengths (Pell et 

al., 2004), further relaxometry studies in schizophrenia, including in first-episode and 

high-risk groups, are warranted. 

 

1.5.3.8 Magnetisation Transfer Imaging 

Magnetization transfer imaging (MTI) is a form of MRI that measures the interactions 

between protons in free water and those whose motion is restricted, such as within 

cell membranes and myelin (Silver et al., 1997, Barker et al., 1996), a tissue 

compartment otherwise “invisible” to traditional MRI. The magnetization transfer 

ratio (MTR) measures the magnetization exchange between these two compartments  

(Wollf and Balaban, 1989), and provides an indirect measurement of the integrity of 

the macromolecular matrix (Dousset et al., 1992). Reduced MTR reflects reduction in 

axonal density and/or loss of myelin in white matter (Dousset et al., 1995, van 

Waesberghe et al., 1999), and can detect early pathological change in white matter 

regions that appear normal on traditional MRI (Filippi and Rocca, 2004), particularly 

early lesion detection in multiple sclerosis (Filippi, 2003). In established 

schizophrenia sufferers, both ROI and voxel-based approaches have demonstrated 

reduced temporal MTR compared to controls (Foong et al., 2000a, Foong et al., 
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2001). In first-episode sufferers, voxel-based analyses have demonstrated reduced 

MTR in left & right frontotemporal connections and temporal regions, with 

corresponding reductions in grey matter MTR (Bagary et al., 2003, Price et al., 2010); 

however, one study found that MTR in grey but not white matter regions correlated 

with oculomotor abnormalities in these patients (Bagary et al., 2004). In a voxel-

based study combining DTI and MTI, established schizophrenia patients had reduced 

MTR compared to control subjects in a range of corticocortical and corticosubcortical 

tracts, including the callosum, fornix, fronto-occipital fasciculus, and right internal 

capsule and cingulum bundle (Kubicki et al., 2005c), although changes in FA in the 

same group were more widespread. A tract-based study examining the corpus 

callosum and uncinate fasciculus (UF) found no change at the level of the callosum or 

established sufferers, but showed a slight increase in MTR in the UF in a region 

where fractional anisotropy was lower, suggestive of a compensatory myelination 

response  (Mandl et al., 2008). One negative study found reduction in left 

periventricular WM MTR, but this finding did not survive correction for multiple 

comparisons  (Antosik-Biernacka et al., 2006). There is a strong need for replication, 

and extension, of this dataset with more ROI analysis, correlation with 

clinical/neuropsychological variables, and imaging at higher field strengths. 

 

1.5.3.9 Diffusion Tensor Imaging 

Diffusion tensor imaging (DTI) is an MR technique that examines the organization of 

fibres in white matter tracts via the alteration of water diffusion caused by cell 

membranes, myelin sheaths and tracts of white matter (Basser et al., 1994b, Moseley 

et al., 1991, Basser et al., 1994a). Parameters that can be derived from diffusion-

weighted techniques include directionally-independent measures of diffusion such as 

mean diffusivity (MD), the apparent diffusion co-efficient (ADC), and scalar 

quantities such as the trace (magnitide of diffusion in a voxel) and fractional 

anisotropy (FA), a measure of directionally averaged diffusion that provides 

information on fibre density, diameter, myelination and intra-tract coherence  

(LeBihan et al., 2001), the myelination process (Baratti et al., 1999) and brain 

maturation (Huppi et al., 1998, Zimmerman et al., 1998). Lesions to white matter 

structures generally produce increases in MD/ADC and reductions in FA. Reductions 

in FA are seen in other diseases affecting white matter, including multiple sclerosis 

(Filippi, 2003) and the leukodystrophies  (Ito et al., 2001, Guo et al., 2001). Given the 
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mounting evidence of white matter changes in schizophrenia, DTI as a methodology 

has emerged as one of the most promising, if computationally difficult, techniques for 

examining the microstructure of white matter in vivo in schizophrenia (for excellent 

recent reviews, see  (Kubicki et al., 2005a, Kubicki et al., 2005b, Kyriakopoulos et al., 

2008a, Kanaan et al., 2005, Brambilla and Tansella, 2007, Kubicki et al., 2007)).  

 

An early study examining total white matter volume in schizophrenia found average 

FA across the whole brain was reduced (Lim et al., 1999). Most DTI studies in 

schizophrenia have examined FA in defined regions of interest, including frontal 

white matter (Lim et al., 1999, Steel et al., 2001, Hoptman et al., 2002, Wolkin et al., 

2003, Minami et al., 2003, Sun et al., 2003b, Kumra et al., 2004, Kitamura et al., 

2005, Shin et al., 2006, Rose et al., 2006), fornix  (Kuroki et al., 2006, Fitzsimmons et 

al., 2009), corpus callosum (Foong et al., 2000b, Sun et al., 2003b, Kumra et al., 

2004, Price et al., 2005b, Brambilla et al., 2005a, Kanaan et al., 2006), non-frontal 

white matter regions (Lim et al., 1999, Steel et al., 2001, Minami et al., 2003, Sun et 

al., 2003b, Kumra et al., 2004, Kitamura et al., 2005, Rose et al., 2006), cingulum 

bundle (Kubicki et al., 2003, Sun et al., 2003b, Wang et al., 2004, Nestor et al., 

2004a, Jones et al., 2005, Takei et al., 2009, Voineskos et al., 2010), cerebellar 

peduncles (Wang et al., 2003, Okugawa et al., 2004, Okugawa et al., 2005, Okugawa 

et al., 2006) and fronto-temporal tracts such as the arcuate (Hubl et al., 2004), 

uncinate (Kubicki et al., 2002, Nestor et al., 2004a, Jones et al., 2005, Voineskos et 

al., 2010), superior longitudinal  (Jones et al., 2006, Karlsgodt et al., 2008) and 

fronto-occipital (Jones et al., 2005) fasciculi. These have tended to show mixed, if 

weakly positive, results for most areas, with strongest data suggesting subtle 

reductions to FA in frontal white matter, corpus callosum and cingulum bundle. 

Additionally, alterations to normal cingulum asymmetry have been described 

(Kubicki et al., 2002, Wang et al., 2004).  

 

There are wide study differences in how images are acquired, whether they undergo 

distortion correction, and how ROIs are placed (number of slices used, regional 

boundaries). Additionally, numbers included are often modest. Studies using greater 

numbers, with a larger number of ROIs to show possible regional differences, are 

required to maximise the benefit of future ROI studies. Age-matching will also be 

important, as age affects FA in schizophrenia much more significantly and directly 
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than it does volume alone (Jones et al., 2005). 

 

A number of subsequent studies have used voxel-based approaches. Early studies did 

not undertake analyses on whole-brain maps (Agartz et al., 2001, Buchsbaum et al., 

1998, Foong et al., 2002, Hoptman et al., 2004), whereas most subsequent studies 

have provided whole-brain coverage. These have tended to show reductions in FA in 

frontal and temporal white matter  (Shin et al., 2006, Buchsbaum et al., 2006b, Rose 

et al., 2006, Schlosser et al., 2007, Mitelman et al., 2006), callosal subregions (Agartz 

et al., 2001, Ardekani et al., 2003, Kubicki et al., 2005c, Caan et al., 2006, Mori et al., 

2007, Nestor et al., 2004b, Shergill et al., 2007), cingulum bundle (Kubicki et al., 

2005c, Buchsbaum et al., 2006b, Hao et al., 2006, Mori et al., 2007, Fujiwara et al., 

2007), internal capsule  (Buchsbaum et al., 2006b, Caan et al., 2006, Seal et al., 2008) 

and long association tracts (Burns et al., 2003, Kubicki et al., 2005c, Caan et al., 

2006, Seal et al., 2008, Mori et al., 2007, Shergill et al., 2007, Seok et al., 2007). In 

addition, a loss of normal asymmetry in cingulum bundle, cerebellar peduncles, and 

uncinate fasciculi (Park et al., 2004) has been demonstrated. New methodological 

difficulties are introduced by voxel-based approaches, which are free of regionally or 

anatomically driven hypotheses but introduce more potential sources of error (Kanaan 

et al., 2005), particularly in registration – which is at its most robust when additional 

tensor-based directional information is used in the registration process to minimise 

false-positive edge effects (Kubicki et al., 2005c, Kubicki et al., 2003, Park et al., 

2004). Positive findings have tended to be seen with cluster rather than voxel-based 

analyses (Ardekani et al., 2003, Agartz et al., 2001). Cluster-based analysis is 

generally felt to be more sensitive (Bullmore et al., 1999) but may be less suited to 

illnesses such as schizophrenia where a brain-wide, subtle developmental process 

rather than a lesion may be occurring.  

 

FA and related measures also appear to be associated with a number of illness, 

symptom and cognitive variables. FA has been shown to have an inverse correlation 

with antipsychotic dose (Minami et al., 2003, Okugawa et al., 2004), although other 

analyses have found no correlation  (Kubicki et al., 2002, Kubicki et al., 2003). 

Associations between reduced inferior frontal FA and impulsivity (Hoptman et al., 

2004, Hoptman et al., 2002), reduced verbal memory with reduced uncinate fasciculus 

FA  (Nestor et al., 2004b), impaired performance monitoring with reduced FA in the 
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cingulum bundle  (Nestor et al., 2004b, Takei et al., 2009) and left superior 

longitudinal fasciculus  (Karlsgodt et al., 2008), executive deficits with reduced FA in 

superior/inferior longitudinal and fronto-occipital fasciculi  (Perez-Iglesias et al., 

2010b), and duration of illness with widespread reduced FA  (Mori et al., 2007) have 

also been shown. One study found an association between FA and presence of 

hallucinations, including a counter-intuitive increase in temporal FA in hallucinators 

(Hubl et al., 2004), which was replicated in another cohort  (Shergill et al., 2007). 

Furthermore, another study suggested a positive correlation between superior 

longitudinal fasciculus FA and hallucinations  (Seok et al., 2007), although a more 

recent study has shown that reduced FA in a number of brain regions correlates with 

increases in a range of positive symptoms  (Skelly et al., 2008) and another showing 

reduced FA associated with increases in a number of positive symptoms  (Mitelman et 

al., 2006). Poor outcome patients may have lower FA values across a range of cortical 

regions  (Mitelman et al., 2006). 

 

A number of these findings, particularly in long association tracts and corpus 

callosum,  are apparent at the first episode of illness  (Szeszko et al., 2005, Hao et al., 

2006, Kumra et al., 2004, Kyriakopoulos and Frangou, 2009, Perez-Iglesias et al., 

2010a), suggesting these changes may be associated with or already present at 

transition to first-psychotic episode. Furthermore, alterations in these association 

tracts have been demonstrated in subjects designated as ultra-high risk  (Karlsgodt et 

al., 2009) or at genetic high risk  (Munoz Maniega et al., 2008, Hoptman et al., 2008) 

for schizophrenia. One group however, has shown no difference in long association 

and commissural tracts in UHR subjects, and no difference between those who did 

and did not progress to psychosis  (Peters et al., 2008, Peters et al., 2010). Whilst 

there is a suggestion that some abnormalities in WM microstructure as measured by 

DTI may be present during the pre-psychotic phase, these may be attenuated or 

marginal, and may not be significantly different at group level until the clear 

establishment of illness. The UHR group is likely to be much more heterogeneous 

than either an established or first-episode schizophrenia group, and thus it is 

unsurprising that there is less of a “signal” in white matter microstructure at the group 

level. 

 

As in volumetric studies, a recent activation-likelihood estimation (ALE) meta-
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analysis showed significant reductions were present in two regions, deep left frontal 

white matter and deep left temporal white matter. The left frontal region includes 

white matter tracts connecting frontal cortex, thalamus and cingulate gyrus, with the 

left temporal region, including tracts connecting frontal lobe, insula, hippocampus–

amygdala, temporal and occipital cortex. These findings suggest disruptions to two 

large-scale networks, the first “anchored” in frontal cortex, and the second in 

temporal cortex  (Ellison-Wright and Bullmore, 2009). 

 

Overall, the findings from diffusion-tensor studies appear to implicate most 

consistently white matter connecting frontal and temporal regions, particularly medial 

frontal regions. The corpus callosum is a frequent “hit” in these studies, particularly at 

the region of the genu  (Kanaan et al., 2005), suggesting that alterations in the anterior 

callosum occur in intimate association with changes to frontal white matter. 

 

 

1.5.3.10 Combination Approaches 

Theoretically, the combination of different MRI methodologies that may give 

differential results according to the nature of the underlying pathology may assist in 

further defining the neurobiology of schizophrenia. For example, a white matter voxel 

with normally myelinated but disorganised fibres may show reduced FA but identical 

MTR to a similarly myelinated voxel that is highly radially arranged. Multi-parameter 

approaches have been used in the hippocampus (Kiefer et al., 2004) and amygdala 

(Kalus et al., 2005) to differentiate structural subregions. In a white matter voxel with 

normally myelinated fibres that are disorganised may show reduced FA but identical 

MTR to a similarly myelinated voxel that is highly radially arranged. The first 

multimodal study correlated T2R against aggression in schizophrenic men (Hoptman 

et al., 2002), finding an association that was lost when the DTI trace value was used 

as a covariate. A combined DTI/MTI voxel-based study found widespread reductions 

in FA which were partially matched by reductions in MTR (Kubicki et al., 2005c), 

suggesting that the regions with combined FA/MTR reductions may be regions of 

disrupted axonal structure or myelination.  

 

The first combined DTI/MRS study showed a reduction in FA in prefrontal WM, but 

not in NAA in the same region, although these were not co-analysed  (Steel et al., 
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2001). A combined DTI/MRS study in dorsolateral prefrontal, medial temporal and 

occipital WM showed reductions in both FA and NAA in the medial temporal lobes, 

with FA and NAA being correlated in the left medial temporal lobe  (Tang et al., 

2007a). A more recent study however found reductions in FA in left middle frontal 

and inferior parietal WM which were not accompanied by reductions in NAA  

(Rowland et al., 2009). Studies which seek to combine structural or metabolic MRI 

measures are at their most powerful when changes are directly correlated or are 

combined in a multivariate model, rather than when examined separately. 

 

Perhaps more interesting are those analyses that combine functional and anatomical 

approaches to connectivity, attempting to determine how interlinked these two aspects 

of dysconnectivity may be in schizophrenia. Functional connectivity refers to 

correlations in brain activity among spatially distinct brain regions, which are present 

either in a resting state or when processing external stimuli. Neuroimaging studies 

examining functional connectivity have traditionally examined changes in the blood-

oxygen-level dependent (BOLD) response across brain regions during task 

performance, to obtain a measure of activation associated with that task. Schlosser et 

al examined a working memory task in schizophrenia patients and controls and 

showed reduced prefrontal activation during the encoding phase, and a correlation 

between FA in frontal but not temporal regions and activation during the task  

(Schlosser et al., 2007). Jeong et al examined the semantic network in schizophrenia 

particularly, showing reduced functional connectivity in a network from inferior 

frontal to middle temporal gyrus in a semantic task, and reduced FA was shown in 

white matter bundles connecting these zones; in patients but not controls, reduction in 

inferior frontal FA was associated with reduced functional connectivity in this 

network  (Jeong et al., 2009). Pomarol-Clotet et al also co-analysed fMRI and DTI 

data, showing significant reductions in the genu of the callosum, associated with 

reduced DLPFC and frontal opercular activation  (Pomarol-Clotet et al., 2010a). 

 

However, the activity detected during these tasks generally only accounts for 0.5%–

1% of brain activity. By contrast, it is estimated that 60%–80% of brain's energy 

demand is used to support neural communication during rest  (Raichle and Snyder, 

2007). Raichle et al first proposed a default mode network (DMN) consisting of 

posterior cingulate, precuneus, inferior parietal lobule, and medial frontal cortex on 
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the basis of positron emission tomography data , within which activity is heightened 

during rest and decreases/is suppressed during task performance  (Gusnard et al., 

2001, Raichle et al., 2001). This original DMN has been confirmed with more recent 

fMRI studies analyzing resting-state correlations using independent component 

analysis (ICA) (Damoiseaux et al., 2006, Fransson, 2005). Recent evidence suggests 

that the connectivity of the resting state signal is significantly correlated with the 

structural integrity (measured via FA) of the underlying white matter  (Skudlarski et 

al., 2008, Greicius et al., 2009), and that activity relates most particularly to the 

integrity of the cingulum bundle, connecting posterior cingulate to hippocampus  

(Teipel et al., 2010). This network has been shown to be abnormal in schizophrenia, 

with an altered temporal frequency and spatial location of the DMN  (Garrity et al., 

2007). Camchong et al examined DMN and whole-brain FA in schizophrenia patients 

and controls, and showed reduced medial frontal and anterior cingulate functional 

connectivity in patients, and reduced FA in the cingulum  (Camchong et al., 2009); 

they did not however attempt to inter-relate DMN connectivity and FA measures. 

Skudlarski et al went further, measuring FA and DMN in schizophrenia patients and 

controls, measuring inter-regional connectivity at both structural and functional 

levels.  They then measured the spatial coherence between these indices, and found 

that anatomical and functional connectivity was dissociated in schizophrenia 

compared to control subjects, affecting networks originating in the posterior cingulate 

cortex  (Skudlarski et al., 2010). These findings suggest that there is a significant link 

between functional connectivity and anatomical measures of connectivity as indexed 

in white matter, and that these relationships are disrupted in schizophrenia. 

 

 

1.5.3.11 Summary 

Using standard volumetric MRI techniques, no clear and consistent white matter 

changes have been observed, although a number of studies have reported subtle 

reductions in total WM, frontal WM and callosal volume, and altered white matter 

connectivity in frontal and anterior callosal white matter. One of the difficulties in 

neuroimaging research into schizophrenia remains the heterogeneity of the illness, 

and subtle changes may be lost when individuals affected to different degrees and by 

potentially differing underpinning neurobiology are pooled. Additionally, given that 

individual WM regions, which appear otherwise homogeneous, may contain a number 
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of white matter pathways connecting varying anatomical regions, subserving different 

functions and which may be differentially affected. Technologies that move “beyond 

volume” and allow the examination of the microstructure of white matter regions 

appear to have more promise, and may allow for the determination of changes to 

myelin and axonal integrity not otherwise visible on standard MRI sequences. The 

limited number of MRS, T2R and MTI studies do not allow firm conclusions to be 

drawn, and more studies using these methodologies are needed. However, DTI has 

clearly demonstrated aberrant structural connectivity in schizophrenia, particularly in 

frontal zones , although the contradictory nature of some findings appears to be due to 

the lack of consistency between methodologies (Kubicki et al., 2005b). The analysis 

of the combination of different MRI sequences acquired in the same patient (Kalus et 

al., 2005, Kubicki et al., 2005c) shows further promise, as changes seen in one 

sequence but not another (or in one variable when controlled for another) in the same 

voxel or region may point towards impaired myelination, reduced axonal integrity or 

fibre disorganisation within a tract.  Finally, the combination of functional approaches 

with approaches that analyse WM microstructure may enable the link between 

functional and putative anatomical disconnectivity between frontal and temporal 

regions to be explored, and how these measures are altered in schizophrenia to be 

determined.  

 

1.5.4 Relationship to Grey Matter Changes 

The evidence for white matter pathology in schizophrenia does not conclusively allow 

for assertions about the nature of its role, nor the direction of causality. Determining 

whether white matter pathology is primary, results as a downstream consequence of 

another pathology, or occurs in compensation for another pathology has proven 

elusive. The distinction between white and grey matter is somewhat arbitrary, and 

invariably, diseases that predominantly affect white matter will lead to disruptions in 

grey matter, and similarly damage to or death of neuronal cell bodies affects their 

axonal projections. At both a structural and functional level, the grey-white distinction 

is not discrete as neuronal bodies and their connections are a single anatomical and 

metabolic unit. Additionally, the grey matter of the cortex, subcortical and posterior 

fossa structures contain myelinated fibres, and white matter structures contain 

interstitial neurons. Glial structures are additionally present across both 

“compartments”.  There is a strong evidence base of abnormalities in grey matter 
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structures that, partly due to the availability and nature of imaging modalities 

allowing volumetric analysis, predates the more recent evidence for white matter 

abnormalities. Very few imaging studies that examine both grey and white matter 

have shown white but not grey matter abnormalities. Suggesting that primary 

pathology occurs in one and secondary pathology in the other is a reflection of this 

dichotomy, and it may be more helpful to consider schizophrenia a “whole brain” 

disease in which few microstructures or brain regions are spared because of the rich 

connectivity of the brain. (However, the difficulties in interpreting the plethora of 

neuroimaging studies examining the role of white matter in schizophrenia appear to 

be the same as most grey matter studies: heterogeneity in samples, the effects of 

medication, age and other variables, and subtle effects requiring considerable 

statistical power to detect.  

 

Studies of adult-onset disorders have clearly demonstrated the inextricability of grey 

matter change downstream to white matter disruption. Diaschisis, or the functional 

deactivation of a region through de-afferentation, has been shown to follow white-

matter lesions in multiple sclerosis and cerebrovascular disease (Sultzer et al., 1995, 

Blinkenberg et al., 2000). Trans-synaptic degeneration, with normal neurons 

degenerating following insult to anatomically associated neurons or their axons 

leading to reduced synaptic input, has been suggested as a mechanism whereby 

cortical atrophy accompanies subcortical vascular ischemic dementia (Sanfilipo et al., 

2000). In addition, alterations in axonal size or length are known to correlate strongly 

with neuronal size and dendritic spine number & size (Pierce and Lewin, 1994). 

Although cellularly separate from axonal structures, deficits in myelination produce 

wide-ranging effects on axonal structure, including reduction in size, changes to 

axonal and microtubular density and significantly reduced microtubular stability 

(Kirkpatrick et al., 2001b), which significantly disrupt neuronal function. Conversely, 

in situations of frank neuronal loss, such as with cortical dementias, neuronal cell loss 

results in impaired integrity of association fibres (Mathalon et al., 2000). Reduced 

somal sizes are found in schizophrenia (Rajkowska et al., 1998), as is increased 

neuronal density (Selemon et al., 1998, Selemon and Goldman-Rakic, 1999, Selemon 

et al., 1995) without alterations in cell number (Pakkenberg, 1993). What remains to 

be determined however is how changes to myelin integrity (Uranova and Orlovskaya, 

1996, Uranova et al., 2001, Orlovskaya et al., 1997) and ODC number and structure 



 77 

(Hof et al., 2002, Hof et al., 2003, Orlovskaya et al., 1997, Orlovskaya et al., 1999, 

Orlovskaya et al., 2000, Uranova et al., 1996, Uranova and Orlovskaya, 1996, 

Uranova et al., 2001, Uranova et al., 2004) in schizophrenia relate to these changes, 

and which cellular structure bears the primary pathoplastic effect. 

 

Another relationship between grey and white matter structures is the effect of axonal 

integrity on gyrification of the cerebral cortex. One of the primary forces driving 

gyrification, which greatly enhances cerebral connectivity, is tensions along white 

matter axons (Van Essen, 1997). The co-ordination of gyral folding with connectivity 

allows for a more compact and faster brain (Scannell, 1997), and a process that 

disrupts axonal structure may result in altered gyrification.  Using a gyrification index 

(GI) previously developed  (Zilles et al., 1988), reduced left hemispheric GI in 

schizophrenic males compared to controls has been shown (Kulynych et al., 1997) 

while elevated right frontal GI has been shown in male but not female sufferers 

(Vogeley et al., 2000), and in the affected sibling from a group of discordant sibling 

pairs (Vogeley et al., 2001); this particularly appears to affect the left anterior 

cingulate cortex, over and above global GI differences between hemispheres (Yucel et 

al., 2002b). It remains to be demonstrated how gyrification and myelination 

abnormalities are linked in the sufferers of schizophrenia, although studies which co-

analyze gyrificiation and DTI/MTI/MRS parameters would shed light on this 

relationship. 

 

One further grey-white developmental relationship is that between cortical lamination 

and axonal fibre distribution, where links between lamination and WM structure have 

been suggested in clinical disorders (Sankar et al., 1995, Ruggieri et al., 1996). When 

cortical lamination is disrupted, the pattern of axonal fibre termination becomes 

equally disrupted in a secondary fashion (Gebhardt et al., 2002, Deller et al., 1999, 

Kwon et al., 1999). The relationship in the opposite direction of causality has not been 

examined, although disruptions to other developmental processes may lead to both 

axonal and lamination deficits.  Alterations to the structure and function of the 

glycoprotein reelin, secreted by GABA-ergic interneurons into the extracellular 

matrix (Rugarli and Ballabio, 1995, Fatemi, 2005), have been shown to result in 

marked abnormalities in cortical lamination (Frotscher, 1998). Reelin plays a crucial 

role in promoting axonal branching and synaptogenesis (Rice and Curran, 2001, Costa 
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et al., 2002), and hence abnormalities in this system may result in both cortical 

lamination defects and axonal tract & synaptic reduction or disintegrity (Caruncho et 

al., 2004). A significant evidence base suggests reductions of reelin expression up to 

50% in schizophrenic brains (Impagnatiello et al., 1998, Fatemi et al., 2000, Costa et 

al., 2001, Guidotti et al., 2000) with an increase in blood levels of a reelin isoform in 

schizophrenia sufferers (Fatemi et al., 2001), possibly due to hyper-methylation of its 

promoter region (Costa et al., 2002, Grayson et al., 2005). Reduced hippocampal 

reelin expression and cortical thickness has been linked to human influenza infection 

in prenatal mice (Fatemi et al., 1999), providing a model where prenatal influenza 

infection could disrupt neurodevelopmental processes to result in schizophrenia. The 

reelin system thus may be a substrate by which a range of genetic and epigenetic 

factors could impact and interact to produce by cortical and axonal abnormalities in 

schizophrenia sufferers. 

 

An alternative model suggested by Bartzokis et al avoids the chicken-egg conundrum 

by positing that a “temporal synchrony” exists between increasing myelination and 

white matter volume expansion into middle age that compensates for a progressive 

reduction in grey matter volume during this period (Bartzokis, 2002), and when – 

through any of  a number of environmental or familial influences – white matter 

development is disrupted, this asynchrony amongst distributed cortical networks 

results in the characteristic symptoms of schizophrenia. This model is predicated on 

the notion that the increasing myelination and volume of white matter across the first 

fifty years of the life cycle is a finely-tuned expansion in connectivity that buffers a 

steady decrease in neuronal connectivity during this time. This model also allows for 

disruption to grey matter structures, such that should genetically or environmentally 

driven insults to grey matter processes – such as synaptic pruning, activity-dependent 

synaptic plasticity, apoptosis, or the balance (in some brain regions) of neurogenesis 

and apoptosis – significantly affect the grey matter contribution to this dynamic 

equilibrium, then functional disconnectivity through asynchrony will result. This 

model might also allow for disruptions at different points in the system of white-grey 

matter synchrony to produce differing clinical syndromes, and could also account for 

illness heterogeneity. 

 

The neuroimaging data linking grey and white matter changes in schizophrenia is 
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very limited. Only a few studies have co-analysed grey matter and white matter, 

which were analyzed separately by voxel based morphometry (VBM) or regions of 

interest (ROI) to detect regions showing group differences  (Mitelman et al., 2007, 

Wright et al., 1995, Mitelman et al., 2009a). One analysis showed both grey and white 

matter volume reductions in schizophrenia patients compared to controls, and an 

inverse relationship between grey and white matter which did not differ between 

patient and control groups  (Schneider-Axmann et al., 2006). One methodological 

approach recently has been employed has been to use joint source-based 

morphometry (jSBM), a method designed to efficiently find naturally clustered 

regions that reveal linked grey and white matter group differences in the whole brain 

using independent component analysis (ICA). Xu et al used jSBM to reveal four 

significant “joint sources” that differentiated schizophrenia from controls: reductions 

in callosum and temporal/frontal grey matter; decreases in inferior occipital, temporal 

and frontal gyri and decreased inferior fronto-occipital fasciculus volume; larger 

superior longitudinal fasciculus and inferior parietal, parahippocampal, middle 

temporal and frontal gyri; and increased thalamic white matter and inferior parietal, 

middle and superior frontal gyri  (Xu et al., 2009). These findings suggest that 

generally white and grey matter volume changes co-occur, and that their volumetric 

change is positively correlated, but does not further elucidate the neuroanatomical 

relationship between the two. 

 

1.5.5 A White Matter Subtype? 

Given the information currently available, one simple model is to suggest that the 

primary pathology of schizophrenia occurs within cortico-cortical and cortico-

subcortical “wiring”, where a subtle abnormality in the structure or function of these 

myelinated axons disrupts function in such a way to result in a diffuse range of 

cognitive, psychological and other phenomena. The reductionism inherent in this 

model is not merely anatomical (neglecting the evidence suggesting synaptic 

neuropathology and regional grey matter loss), but also implies that in this illness the 

abnormalities are at one level only and do not relate to the complex interplay of 

differing brain systems in neurodevelopment. Schizophrenia researchers have been 

frustrated for many decades by the disease’s unwillingness to yield, at its core, a 

single pathological lesion that is responsible for its age of onset, heterogeneous 

course, gender differences and the panoply of symptoms it produces. Schizophrenia is 
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unlikely to be defined by a single lesion, but may be understood through a more 

model that encompasses the interplay of a number of genetic vulnerabilities with the 

environment. 

 

Subtypes of schizophrenia are attractive models to explain the heterogeneity of 

clinical presentation and neurobiological findings, and one such subtype could be 

“dysmyelinative” in nature. For example, a dysmyelinative subtype could have as its 

basis a deficit in oligodendrocyte function which interacts with other genetic diatheses 

affecting CNS development and non-genetic factors (such as intrauterine infection, 

obstetric complications and maternal/childhood nutrition) to produce illness.  There is 

limited evidence for subtypes of schizophrenia however, and only limited evidence 

for genotype-phenotype correlations. Additionally, differential penetrance and/or 

expressivity of any genetic vulnerability renders the relationship between genotype 

and phenotype, modified by genome-environment interactions, much more 

complicated than this model would allow. Evidence for a subtype could be supported 

by the demonstration of susceptibility loci near, and robustly found polymorphisms 

in, genes controlling oligodendrocyte proliferation and maturation that marries to 

other evidence of white matter pathology via neuropathology or neuroimaging and 

produces a clinical phenotype distinct from other phenotypes. A second possible 

explanation is that white matter is the “carrier of the burden” for a number of differing 

forms of schizophrenia, each with differently composited aetiologies, where white 

matter becomes a mirror to a range of other subtle neuropathologies in the brain such 

as aberrant neuronal migration, accelerated apoptosis, excessive synaptic pruning or 

disrupted neurogenesis but is not the aetiological site of pathology itself. The validity 

of such a model would require demonstration of the invariable co-existence of white 

matter pathology with other putative aetiologies, regardless of illness presentation or 

subtype, and its absence in disease-free carriers of a strong genetic predisposition.  

 

 

1.5.6 White Matter and Gender Dimorphism 

Volumetric sexual dimorphism exists in the differential development of white and 

grey matter in humans (Gur et al., 1980). Sex hormone-driven dimorphic laterality 

may in part account for the differing symptom profiles that may be seen in male and 

female schizophrenia sufferers (Gruzelier, 1994). Rates and patterns of myelination 
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also show dimorphism along gender lines, with females having greater myelination in 

temporal regions compared to males (Benes et al., 1994). The later onset of 

schizophrenia in women (Welham et al., 2000) has been suggested to be due to this 

relative excess of myelination in females (Bartzokis, 2002) – a phenomenon which 

could be seen as a “functional white matter reserve” which delays or modulates the 

presentation of schizophrenia. The role of gender may also be underpinned by the 

effect of sex steroids on myelination. Sex steroids released systemically such as 

estrogen and progesterone stimulate myelination (Melcangi et al., 1998), possibly 

through regulation of the expression of myelin-related proteins (Verdi and 

Campagnoni, 1990), and appear to promote, and testosterone retard, maturation of 

WM tracts (Prayer et al., 1997). These steroids are also produced locally by glial cells 

including oligodendrocytes (Zwain and Yen, 1999), and it may be that the 

dependence in the male brain on local versus systemic neurosteroids renders the male 

more susceptible to inhibition of or dysfunction in production of these hormones 

(Bartzokis, 2002), although higher levels of testosterone in males may promote 

greater glutamate-mediated excitotoxicity of ODCs during periods of cellular stress 

(Caruso et al., 2004). Additionally, the fluctuations in illness course that occur co-

incident with cyclical changes in sex steroids (Huber et al., 2004) may be, in part, due 

to how ongoing support of myelination fluctuates with systemic sex steroid levels. 

The regional differences in amount, distribution and degree of myelination may 

produce a different “connectivity profile” in women which could serve to protect 

against or delay onset, and modify the course of schizophrenia. Additionally, earlier-

onset disease could be seen to be the result of a programmed or acquired reduction in 

reserve, and be associated with poorer outcome. 

 

1.5.7 White Matter and Illness Course 

A negative correlation exists between gray:white matter ratio and age during early to 

middle adulthood (Miller et al., 1980, Bartzokis et al., 2001) such that white matter 

volume expands as grey matter volume decreases. In older age, white matter loss then 

exceeds that of grey matter (Guttman et al., 1998, Salat et al., 1999), with age-related 

cortical recession and sulcal enlargement relating predominantly to white matter loss 

(Symonds et al., 1999, Salat et al., 1999, Tang et al., 1999, Pfefferbaum et al., 2000), 

possibly as a result of desaturation or peroxidation of myelin lipids (Malone and 
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Szoke, 1985, Weber, 1994). The three characteristic age-related changes in cognitive 

function, bradyphrenia, executive and attentional impairment (Filley, 1995, Filley and 

Cullum, 1994, Keys and White, 2000), correlate highly with cerebral white matter 

abnormalities (Gunning-Dixon and Raz, 2000). The “frontal ageing hypothesis” 

(West, 1996) suggests that the frontal lobes are the most vulnerable cortical regions to 

age-related changes, although this model does not account for all cognitive changes 

with age. These changes instead may likely reflect the more pronounced effect these 

age-related white matter changes have on pre-frontal regions, which are cortical areas 

most densely innervated by white matter tracts, consistent with a “myelin-

degenerative” theory of the ageing brain (Greenwood, 2000).  

 

In neurodegenerative illnesses where the white matter is predominantly affected, the 

term “white matter dementia” has been coined (Filley et al., 1988, Filley, 1998) as a 

refinement of Cumming’s concept of “subcortical dementia” (Cummings, 1990). 

White matter dementia is characterized by deficits in attention, working memory, and 

executive function in the absence of significant language deficit or movement 

disorder (Denburg et al., 1997, Filley, 2001). What Kraepelin described as dementia 

praecox referred to a group of patients who had a deteriorating course and a poor 

outcome to a presumed biological illness, and this was felt to define the illness and 

differentiate it from manic depressive insanity (Kraepelin, 1921). It is well established 

that most sufferers have some form of cognitive impairment, with mild poor global 

performance and specific impairments in working memory, attention and information 

processing (Gold and Harvey, 1993, Gourovitch and Goldberg, 1996), often apparent 

at first presentation (Saykin et al., 1994). Evidence suggests that a subgroup of 

patients (often defined by significant functional impairment (Friedman et al., 1999)) 

does decline cognitively over time (Davidson et al., 1995), with impairments in global 

function greater than that expected by ageing alone (Crum et al., 1993) but 

significantly slower than that seen with Alzheimer’s disease (Morris et al., 1993, 

Niizato et al., 2001), suggesting progression through a process other than classical 

neurodegeneration (Harvey, 2001). Patients with late-onset psychosis tend to have 

less cognitive impairment than patients with earlier-onset disease, even when 

functional status is taken into account (Jeste et al., 1995). This apparent heterogeneity 
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in course is suggestive of different underlying neuropathology and potentially 

aetiology – or interplay of differing illness vulnerabilities – in each subgroup. It could 

be suggested that the subgroup of patients with significant cognitive deficit at onset, 

slow progression of this deficit over illness time and poor outcome have an 

underlying dysfunction of white matter which is overlaid by normal ageing CNS 

processes (Bartzokis and Altshuler, 2003). This would result in disproportionate 

disruption of prefrontal connections, resulting in a slowly deteriorating cognitive 

profile marked by mild global impairments but proportionately greater impairments in 

areas dependent on prefrontal networks. This makes white matter pathology an 

attractive potential marker of “deficit schizophrenia”, which itself may be a potential 

illness subtype marked by more severe cognitive and negative symptoms and poorer 

outcome (Kirkpatrick et al., 2001a). 

 

1.5.8 Therapeutic Implications of White Matter Involvement 

If white matter is a substrate for functional disconnectivity and such disconnectivity is 

present in schizophrenia, then future therapeutic endeavours which target myelination 

show theoretical promise (Woo and Crowell, 2005). A critical issue will be where in 

the illness lifecycle these pro-connectivity agents might be considered. This may 

involve targeting at-risk individuals in the transition from adolescence to adulthood, 

when dysmyelinative processes could be supported by promyelinative agents 

(Bartzokis, 2002, Woo and Crowell, 2005). There is evidence that atypical but not 

typical antipsychotics increase frontal white matter volume and intracortical myelin in 

patients with schizophrenia  (Bartzokis et al., 2007, Bartzokis et al., 2009), which may 

reflect the oligodendrocyte-protective effects of altering prefrontal dopaminergic 

transmission  (Belachew et al., 1999, Rosin et al., 2005). Pro-myelinative treatments 

may also be a useful adjunctive treatment in deficit schizophrenia, where 

antipsychotics alone do not induce a functional remission. 
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1.6 Review of the Development and Role of the Corpus Callosum 

1.6.1 Nature and Development of the Corpus Callosum 

The corpus callosum (L: “tough body”) is the human brain’s largest white matter 

tract, and its largest commissure  (Innocenti and Bressoud, 2003, Schmahmann and 

Pandya, 2006). The callosum was first named by Galen of Pegamum in ancient Rome, 

at the beginning of the first century AD, amongst a range of other central nervous 

system structures.  Given its prominence at the brain’s centre (figure 1.6.1), a range 

of theories have been postulated as to its role in CNS structure and function. Up until 

the 16th century, it was generally felt to be a supporting or “scaffolding” structure 

only. In 1543, Andreas Vesalius described its anatomy for the first time, recognizing 

that it linked the two halves of the brain and was continuous with the white matter of 

the hemispheres  (Vesalius, 1543). In the 1600s, La Peyronie, Professor of Surgery at 

Montpellier, selected it as the “seat of the soul”, as it seemed to be the most inter-

connected of brain structures. The papal physician Giovanni Maria Lancisi validated 

its centrality as the site of the soul in his De Sede Cogitantis Animae in 1718. Prior to 

this, the English physician Thomas Willis had already undertaken extensive 

anatomical studies, which were illustrated by Christopher Wren in Willis’ De Cerebri 

Anatome in 1664. In the 1700s and 1800s, Johann Zinn undertook callostomy 

experiments on dogs to attempt to determine its function, as did Vieussens, Petit, 

Saucerotte, Muratow and Valsalva. Those dogs that survived were inattentive and 

apathetic, although most trials were marred by post-surgical infection. In 1887, 

Brown-Sequard published electrical stimulation studies, and Lewandowski theorized 

that the callosum played a key role in the generalization of seizures. (For a review of 

pre-20th century callosal studies, see  (Ironside and Guttmacher, 1928)). Around the 

turn of the 20th century, Dejerine and Liepmann first recognized callosal apraxia 

syndromes as a function of cerebral asymmetry, and that callosal lesions could result 

in symptoms of hemispheric disconnection  (Liepmann and Maas, 1908, Dejerine, 

1892). However, subsequent research in the first half of the 20th century with animals 

and the first surgically splitbrain humans, had predominantly negative results  

(Sauerwein and Lassonde, 1996).  
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Figure 1.1. The corpus callosum, captured in medial view, with the anterior segment at left, 
and posterior at right. From  (Gray, 1918) 

 

The influential and ultimately Nobel Prize-winning work of Roger Sperry in 1960s 

and 1970s with “split-brain” patients revealed a more sophisticated view of callosal 

function. Myers and Sperry first showed in cats that there was a failure of 

transmission of interocular transfer of information after callosotomy in cats  (Myers 

and Sperry, 1953). This research moved to humans, particularly patients who 

underwent callosotomy for intractable seizures, who demonstrated difficulties with 

bimanual co-ordination, stereoscopic vision, and transfer of learning between the 

hemispheres  (Schmahmann and Pandya, 2006). Sperry postulated that each of the 

disconnected hemispheres in these patients had their own particularly specialized 

“gnostic higher function”, with each hemisphere “using its own percepts, mental 

images, associations and ideas”  (Sperry, 1968). He believed that the left hemisphere 

engaged in linguistic and analytical tasks, and the right in “nonverbal, mathematic, 

nonsequential… in which a single picture of mental image is worth a thousand words”  



 86 

(Sperry, 1982, Sperry et al., 1970). This relatively simple functional “left brain-right 

brain” dichotomy spawned a number of philosophical and popular psychological 

theories of consciousness and mental function, many of which retain currency to this 

day. The work of Sperry was extended by Michael Gazzaniga, who worked in split-

brain primate models in the 1960s, and who believed that the callosum facilitated the 

development of specialized systems in each hemisphere, and that the interhemispheric 

transfer it facilitates appears to be essential to some of the most highly developed 

aspects of the human experience  (Gazzaniga, 2000).  

 

1.6.1.1 Structure and Function of the Corpus Callosum 

The corpus callosum (CC) was originally thought to contain over 200 million axons 

based on the work of Tomasch via axon-counting  (Tomasch, 1954), although more 

recent work suggests that the true number is in the region of 60 million axons  

(LaMantia and Rakic, 1992, Aboitiz et al., 1992a, Aboitiz et al., 1992c). Although the 

anterior, hippocampal and posterior commissures also connect the hemispheres, the 

CC is the main connecting pathway between the left and right hemispheres of the 

brain  (Hoptman and Davidson, 1994, Myers and Sperry, 1985, Seymour et al., 1994). 

The CC forms a high-bandwidth neural pathway between the two hemispheres, 

facilitating information transfer and unifying information that enters in a lateralized 

fashion into the hemispheric system. The CC is made up of fibres mediating sensory-

motor coordination, and those that connect equivalent association cortical regions 

across hemispheres  (Yazgan and Kinsbourne, 2003). The CC has a critical role in 

attentional arousal, and the integration and communication of high-level information  

(Hoptman and Davidson, 1994). 

  

The vast predominance of callosal fibres are homotopic, in that they connect cortical 

regions across the two hemispheres. Heterotopic connections exist, which link one 

area of the cortex with a portion of the contralateral hemisphere that does not share 

the same receptor field (figure 1.6.2). A third type, a heterolateral connection, 

connects entirely different regions of cortex, such as between the sensory area and the 

contralateral motor area  (Pandya and Rosene, 1985, Pandya and Seltzer, 1986a).  
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Figure 1.2. Schematic representation of the organization of callosal connections. Thick arrows 
represent homotopic connections, with thin arrows representing heterotopic connections. 
Connections are reciprocal and roughly symmetrical. From  (Innocenti and Bressoud, 2003). 

 

With some important exceptions, including primary visual cortex and the motor and 

sensory areas for the distal parts of the limbs, most areas of the two hemispheres 

contain callosal fibres (in the region of 70-80%), although the density of connections 

varies widely between areas  (Kaas, 1995, Pandya and Rosene, 1985, Pandya and 

Seltzer, 1986a). The rostrum (anterior part of the corpus callosum) and the genu 

(‘knee’) contain fibres connecting the prefrontal cortex, the body of the corpus 

callosum connects the premotor, motor, somatosensory and posterior parietal areas, 

while the splenium (posterior corpus callosum) connects superior and inferior 

temporal cortices and visual cortex, as seen in figure 1.6.3  (Pandya and Seltzer, 

1986a, Schmahmann and Pandya, 2006). 
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Figure 1.3. Composite summary diagram of the topography in the midsagittal plane of the 
corpus callosum of axons derived from the major lobar regions of the rhesus monkey 
hemisphere. The lateral view of the hemispheres is below and the medial view is above. 
Prefrontal fibres are in red, cingulate in orange, motor in yellow, premotor in grey, parietal in 
purple, superior temporal in green, inferior temporal in light blue, and occipital in dark blue. 
From  (Schmahmann and Pandya, 2006). 

 

 

1.6.1.2 Early Development of the Corpus Callosum 

The growth of the corpus callosum begins during the first trimester of gestation, and 

its first phase occurs between 6-17 weeks of gestation  (Rakic and Yakovlev, 1968). 

When the neural folds have closed in the 4th week, the primitive lamina terminalis 

extends as a membrane from the optic chiasm to the velum transversum. A rapid 

increase in thickness in the dorsal end of the rostral wall of the telencephalon near the 

paraphysis becomes the lamina reuniens of His. This is the precursor to the white 

matter bundles of the anterior commissure, and of the corpus callosum (figure 1.6.4). 

Cells from the lamina reuniens then migrate superiorly to form the massa, which 

becomes the bed for the extension of the crossing fibers of the corpus callosum  

(Barkovich and Norman, 1988). The first callosal fibres appear anterior to the 

foramina of Monro in at 12 weeks gestation. By the 17th week, the adult form has 

been predominantly achieved  (Loeser and Alvord, 1968a, Loeser and Alvord, 

1968b). Development occurs anterioposteriorly, with axons of the genu developing 



 89 

first followed by the body and splenium; the rostrum is an exception, and is the last 

part to be formed at 18-20 weeks  (Rakic and Yakovlev, 1968). The first axons to 

cross the midline, pioneer neurons, arise from neurons in the cingulate cortex; a 

subcallosal glial wedge sitting between the callosum and the septum ensures that 

axons do not enter the septum and are “repelled” after crossing into the contralateral 

cortex, where they then innvervate the appropriate cortical layer  (Paul et al., 2007). 

As the cortical plates of the hemispheres enlarge, axons extend as association fibres to 

more distant regions of the brain, many interhemispherically, which results in 

thickening and enlarging of the callosum, particularly at the level of the genu and 

splenium. 

 

Figure 1.4. The rostral midline telencephalon at approximately 7 weeks’ gestational age. 
Thickening of the dorsal aspect of the rostral wall of the telencephalon (lamina terminalis) into 
the lamina reuniens. From  (Barkovich and Norman, 1988). 

 

 

The major post-natal development that occurs in the callosum is myelination, which 

begins shortly after birth. The encasement of axons in lipid-rich myelin sheaths 

greatly enhances the speed of neuronal conduction  (Yakovlev and Lecours, 1967). As 

a general rule, myelination proceeds in a caudorostral fashion across the brain, and 

this is also the pattern of myelination in the callosum  (Georgy et al., 1993). As a 

result, callosal size doubles between birth and 24 months of age  (Rakic and 

Yakovlev, 1968). Initially this increase occurs in the splenium, followed by slower 

increases in the body and rostrum  (Kier and Truwit, 1996). These regions may 
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correspond to the cortical areas (sensorimotor and visual areas) that are important to 

neonatal adaptation and functioning such as the development of binocular vision, and 

gross motor functions including simple grasping and manipulation of objects with the 

hands  (Barkovich and Kjos, 1988, Von Hoftsten, 1984).  

 
1.6.1.3 Late Development of the Corpus Callosum  

Slower but no less significant developmental changes occur after the first few years of 

life, and continue to occur through late childhood and adolescence  (Giedd et al., 

1996, Pujol et al., 1993). These developmental changes are reflected in regional 

increases in particular callosal regions up until the age of 18, predominantly in the 

splenium  (Giedd et al., 1996, Rajapakse et al., 1996). Evidence from early adult MRI 

studies suggests that this process continues well into the third decade  (Keshavan et 

al., 2002a). This may occur via a combination of a selective reduction of axonal 

number, in addition to significant alterations to morphology and myelination  

(Thompson et al., 2002). As pre-adult neurodevelopment proceeds, a number of 

axonal projections from cortical locations are selectively retracted. This is known as 

synaptic refinement, and has been observed in both cats and monkeys, where more 

than half of the axons produced are eliminated from the callosum during development  

(Innocenti et al., 1995), and has also been observed in humans  (Huttenlocher, 1990). 

Those connections that remain may be strengthened by increases in axonal diameter 

and myelination  (Carlson et al., 1988). These latter alterations may enhance the speed 

and efficiency of the inter-hemispheric transfer of information, and allow for the 

continued development of the functional specialization of each hemisphere  (Brown 

and Jaffe, 1975); this is supported by histological evidence suggesting that greater 

hemispheric specialization is associated with increased fibre number in the callosum 

in both animal  (Rosen et al., 1989) and human studies  (Aboitiz et al., 1992c).  

 
 
1.6.2 Psychosis And Developmental Disorders Affecting the Callosum 

We have previously described how patients with a range of disorders have a higher-

than-expected rate of schizophrenia-like psychosis. One particularly interesting group 

of patients who also appear to have a notable predilection for psychosis are those with 

developmental callosal anomalies, particularly agenesis of the corpus callosum 

(ACC). ACC encompasses both total agenesis, when the callosum does not form at 

all, or partial agenesis, where part of the callosum forms normally. ACC is a 
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heterogeneous group of acquired and genetic conditions, and can occur as a result of 

disruption to one or more of the multiple steps of callosal development, such as 

cellular proliferation and migration, axonal growth, or glial patterning at the midline  

(Paul et al., 2007, Dobyns, 1996, Serur et al., 1988, Njiokiktjien, 1991, Jouet et al., 

1994). Clinically, it is not uncommonly seen in the context of pervasive 

developmental disorders  (Byrd et al., 1990), and is commonly associated with 

interhemispheric cysts, Dandy-Walker malformations, Chari malformations, 

encephalocele, and neuronal migration anomalies such as schizencephaly, 

lissencephaly, pachygyria and heterotopias  (Kolodny, 1989, Marszal et al., 2000, 

Barkovich and Norman, 1988, Jeret et al., 1987). It is seen as part of the Aicardi, 

Apert’s and Adermann’s syndromes  (Filteau et al., 1992, Renier et al., 1996), and 

genetic abnormalities such as trisomies 8, 13 & 18  (Nikokiktjien, 1991, Ruge and 

Newland, 1996, Serur et al., 1988), inherited metabolic disease  (Kolodny, 1989), and 

maternal infection  (Conover and Roessmann, 1990). In complete agenesis, the 

hippocampal commissure is generally absent, but the remainder of the medial 

temporal lobes and the anterior commissure are usually present as they develop 

separately and earlier. In simple dysgenesis, the axons are still present, but form thick 

longitudinal bundles (Probst bundles) that run from the frontal to occipital and 

temporal lobes, lying ventral to the cingulate gyri, which are inverted; the Probst 

bundles generally merge with the rudimentary fornix (figure 1.6.5). 
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Figure 1.5. MRI findings in total agenesis (middle column) and partial agenesis (right column). 
AC=anterior commissure, ASB=anterior sigmoid bundle, C=colpocephaly, CB=cingulum bundle, 
CC=corpus callosum, CM=cortical malformation, and PB=Probst bundle. Reproduced from  
(Paul et al., 2007). 

 

The prevalence of ACC in the population is not known clearly. One pediatric 

radiological survey found one-fifth of an unselected sample of 105 children had 

callosal abnormalities  (Byrd et al., 1990), whereas postmortem perinatal studies have 

suggested that the rate is less than 0.01%  (Myrianthopolous, 1987). Early studies in 

older groups, neuroradiological surveys in adolescents and adults suggests that the 

rate is closer to 1.5%  (Bodensteiner et al., 1994, McLeod et al., 1987). Perhaps the 

most comprehensive survey of adult patients using MRI (n=7000) revealed a rate of 

0.07%  (Swayze et al., 1990a). 

 

ACC and schizophrenia have been co-implicated in case reports and series (Lewis et 

al., 1988, David et al., 1993, Simon et al., 2008), and psychiatric illness presents in 

approximately a third of adult patients  (Taylor and David, 1998). When psychiatric 

disturbance presents in ACC sufferers, it is diagnosed as schizophrenia in a third to a 

half least half of patients, although affective illness, personality disorder and 

Asperger’s disorder have also been reported (David et al., 1993, Taylor and David, 
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1998).  Conversely, previously undiagnosed ACC has been detected in schizophrenia 

populations at a higher rate than that found in the general population (figure 1.6.6); 

Swayze et al found 2 cases of agenesis and one of callosal lipoma in a series of 140 

patients with schizophrenia  (Swayze et al., 1990a).  

 

 

Figure 1.6. Sagittal, axial and coronal images in a 21 year old male with childhood-onset 
schizophrenia that was refractory to antipsychotic treatment. Arrows demonstrate Probst 
bundles, which can be seen running anterioposteriorly. Reproduced from  (Hallak et al., 2007) 

 

Notably, the aforementioned Andermann’s and Apert’s syndromes both are associated 

with ACC and demonstrate significantly higher rates of psychosis than healthy 

controls  (Filteau et al., 1992, Gupta and Popli, 1995). ACC also occurs in greater 

rates in velocardiofacial syndrome  (Kraynack et al., 1999, Ryan et al., 1997, Conley 

et al., 1979), an illness associated with elevated rates of schizophrenia  (Murphy, 

2002), perhaps as a result of the deletion or altered regulation of genes involved in 

neural or axonal migration. 

 

1.6.3 Corpus Callosum Structure and Function in Schizophrenia 

The evidence discussed thus far strongly implicates white matter as a potential 

substrate for dysconnectivity in schizophrenia, and suggests that there is an 

association between psychosis and developmental abnormalities of the callosum. This 

suggests that disruption to the normal neurodevelopment of the callosum may be one 

“pathway” to schizophrenia. Below, the evidence for disrupted callosal function in 

schizophrenia is examined. 
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1.6.3.1 Neurophysiological Evidence 

 
 

Given the crucial role of the callosum in rapidly and efficiently transferring 

information between hemispheres, and the large-scale models of dysconnectivity 

previously described, it is perhaps not surprising that schizophrenia is associated with 

dysfunctional interhemispheric transfer of information  (Beaumont and Dimond, 

1973, David, 1987, Mohr et al., 2000). Interhemispheric transfer time (IHTT), the 

time taken (in milliseconds) for information to cross between hemispheres, is a useful 

indicator of callosal efficiency and has been investigated as a marker of callosal 

dysfunction in schizophrenia.  Shelton and Knight tachistoscopically using a 

behavioural paradigm (reaction time, RT) involving the presentation of visual stimuli 

to a single side, found no differences in RT between patients with schizophrenia and 

control subjects (Shelton and Knight, 1984). Cortical evoked potentials (EPs) are a 

more direct and valid measure of neural response, and when IHTT has been assessed 

in schizophrenia using EPs, significant alterations were seen in schizophrenia 

patients, with a loss of the directional asymmetry seen in controls in a lateralized 

lexical-decision task  (Endrass et al., 2002). A similar finding was described by 

Barnett et al, who based IHTT on latencies in each hemisphere to the N160P 

components to ipsilateral and contralateral visual stimuli. Again, the asymmetry in 

controls (faster right-to-left transfer than left-to-right) was lost in schizophrenia 

patients compared to controls  (Barnett et al., 2005). However some earlier findings 

suggesting marked impairment in somatosensory ERPs in patients with schizophrenia  

(Jones and Miller, 1981) were not later replicated  (Catts et al., 1988). This is 

consistent with callosotomy data suggesting that somatosensory ERPs are not a useful 

measure of disrupted interhemispheric transfer  (Goto et al., 1991). 

 

1.6.3.2 Structural Imaging 

Initial post-mortem pathological findings in subjects with schizophrenia identified 

global increases in CC thickness and gliosis  (Rosenthal and Bigelow, 1972, Bigelow 

et al., 1983, Nasrallah et al., 1983a), although this was not later replicated (Brown et 

al., 1986). The first MRI study (suggested alterations in CC size and shape  (Nasrallah 

et al., 1986). Since this initial study, the widespread availability of MRI scanning has 

resulted in a range of studies examining the callosum from a variety of morphological 
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perspectives, revealing a number of ways in which the callosum in schizophrenia 

patients appears to differ from healthy controls. 

 

Schizophrenia patients have demonstrated alterations in callosal shape  (DeQuardo et 

al., 1999, Downhill et al., 2000, Frumin et al., 2002, Narr et al., 2000, Mitelman et al., 

2009b, Narr et al., 2002), size  (Arnone et al., 2008b, Rotarska-Jagiela et al., 2008), 

density and/or signal intensity  (Hulshoff Pol et al., 2004a, Seok et al., 2007, Wolf et 

al., 2008, Diwadkar et al., 2004).  As well as being present in established illness, these 

findings also appear to be present at first episode  (Bachmann et al., 2003b, DeQuardo 

et al., 1999, Keshavan et al., 2002b). Studies for regional effects suggest reductions 

more specifically in regions carrying prefrontal, superior temporal and inferior 

parietal cortices  (Bachmann et al., 2003b, DeQuardo et al., 1999, Keshavan et al., 

2002b). Two meta-analyses of these studies, almost fifteen years apart, are consistent 

with the finding that the callosum is smaller in schizophrenia (Woodruff et al., 1995, 

Arnone et al., 2008b), although the latter meta-analysis suggests that this effect may 

be greatest in first-episode patients. Patients may not show the normal increase in 

overall callosal size with age (Keshavan et al., 2002b), and an inverse relationship 

between callosal size and duration of illness has been shown in some  (Downhill et 

al., 2000) but not all studies  (Meisenzahl et al., 1999). The only recent longitudinal 

study suggests a reduction in callosal size over time significantly greater than that 

seen in control subjects  (Mitelman et al., 2009b). Poor-outcome has been associated 

with a longer  (Colombo et al., 1994, Mitelman et al., 2009b) and smaller callosum  

(Mitelman et al., 2009b) compared to good outcome patients, and greater 

psychopathology with reduced total callosal size  (Downhill et al., 2000, Woodruff et 

al., 1997, Tibbo et al., 1998).  

 

The difficulty in extracting the nature of the true signal regarding callosal morphology 

in schizophrenia across these studies is the significant variety of methodological 

approaches used, and the way that descriptors of the callosum are used in these 

studies: “shape”, “size” and “reduction” are terms that have different meanings 

according to the differences across methodological approaches and statistical models. 

These approaches will be reviewed and critiqued in section 2.2, with examples and 

critiques of the differing methodologies used in these analyses. Furthermore, very few 

research groups have applied their methodology consistently across multiple illness 
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stages, or across multiple psychiatric illnesses to determine whether their results were 

specific to schizophrenia, or common to major mental illnesses such as affective 

disorder. 

 

 

1.7 Hypotheses of the Current Study 

This study aimed to clarify and extend on the above evidence base ( by applying a 

sophisticated shape analysis methodology to multiple illness stages of schizophrenia, 

including a prepsychotic patient group, to determine the nature of callosal shape 

changes across illness phases. Additionally, we applied this same methodology to 

multiple affective disorder samples to determine the specificity of these changes, 

including patients with psychotic affective disorders. Finally, the predictive validity 

of callosal changes were examined, to determine whether they demonstrated any 

capacity to determine which individuals transitioned from a high-risk state for 

psychosis to first-episode, and which first episode patients developed a more 

continuous form of illness. 
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CHAPTER 1 KEY POINTS 
 

Historical concepts of schizophrenia have often involved the concept of 

“splitting” of mental functions. In the second half of the twentieth century, the 

prevailing neurobiological models were based on aberrant dopaminergic 

transmission and neurodevelopment. 

 

In the 1990s disconnection models of schizophrenia began to emerge, with a 

number focusing on alterations to microconnectivity at the level of the synapse, 

but a number describing disruptions to large-scale networks. 

 

Additionally, evidence of the psychotogenic nature of white matter disorders, 

including developmental disorders affecting the corpus callosum, suggested that 

alterations to normal white matter development could cause schizophrenia-like 

psychosis. 

 

With the advent of modern neuroimaging, mounting evidence of alterations to 

white matter structure in schizophrenia began to emerge, suggesting that white 

matter changes accompany grey matter changes. The question as to whether 

these are primary, secondary or epiphenomena remains unresolved. 

 

Convergent evidence suggests that alterations to callosal structure may be 

present in many individuals with schizophrenia, and may reflect alterations to 

early or late neurodevelopment, and may be a marker for illness progression. 

Marked methodological heterogeneity however across and between studies in 

schizophrenia and other disorders has made the interpretation of these data, and 

a better understanding of the true role of callosal structure in schizophrenia, 

problematic. 
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2 METHODOLOGY FOR SHAPE ANALYSIS OF THE CORPUS 

CALLOSUM 
  

 

2.1 Introduction 

As there are no gross anatomical landmarks that can be used to clearly delimit 

anatomically or functionally distinct regions of the corpus callosum, several 

geometric partitioning schemes have been designed by various research groups to 

parcellate the callosum into subregions for between-group comparison. Several 

considerations underlie the rationale for parcellation of the CC into subregions. 

Firstly, the fibre topography of each subregion is expected to be different from other 

sub-regions. Secondly, it is predicted that brain development or disease will affect 

these sub-regions differentially, and by examining regional morphology, a clearer 

picture of disease progression will emerge whereby changes in particular callosal 

regions may correlate with alterations in interconnected cortical regions or with brain 

functions these regions are known to subserve  (Clarke and Zaidel, 1994). These 

various methodologies will be reviewed and critiqued below. The justification for this 

study’s methodology will be elaborated and the nature of the methodology outlined. 
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2.2 Approaches to and Critique Of Measuring Corpus Callosal Morphology 

 

2.2.1 Segmental Area Methods 

2.2.1.1 Witelson Method 

 

The callosum is topographically organized, and different callosal sub-regions contain 

fibres connecting relatively discrete callosal regions, particularly anteriorly (figure 

2.2.1). The most commonly used of all callosal partitioning methods is the Witelson 

method, which divides the CC into seven subregions: the rostrum, genu, rostral body, 

anterior midbody, posterior midbody, isthmus, and the splenium (figure 2.2.2). This 

was derived from an unusual study, where cancer patients were recruited initially in 

the pre-MRI era (from 1977 to 1987) and underwent neuropsychological and 

handedness testing prior to an eventual post-mortem examination of brain structure. 

The study aimed to clarify gender differences in callosal structure at a microscopic 

level, in a sample that included 15 males and 35 females. Each carefully aligned and 

transected callosum was then photographed and measured digitally, and the regional 

area of a number of subdivisions measured according to a large body of previous 

neuroanatomical research on the connectivity of the callosum  (Witelson, 1985), seen 

in figure 2.2.2. Using Witelson’s (1989) divisions of the CC, it has traditionally been 

thought that the anterior regions of the CC, namely the rostrum and genu, connect the 

prefrontal cortical areas of the brain. Posterior to these regions, the rostral body 

connects homologous prefrontal regions, and homologous premotor and 

supplementary motor regions of the frontal lobes  (Pandya and Rosene, 1985, Pandya 

and Seltzer, 1986a). The anterior midbody connects the motor cortices, and the 

posterior midbody connects somatosensory and posterior parietal areas. The isthmus 

connects the superior temporal and posterior parietal lobes. Finally, the splenium, the 

most posterior section of the CC, connects the occipital and inferior temporal lobes  

(Pandya and Rosene, 1985, Pandya and Seltzer, 1986a).  

 

The Witelson method has been used in many schizophrenia studies, from studies of 

patients with first-episode schizophrenia  (Keshavan et al., 2002b) through to studies 

of patients with established illness  (Goghari et al., 2005, Rotarska-Jagiela et al., 

2008). The panoply of different methodologies (including use of rotation and 
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scaling/normalization, choice of mid-sagittal slice, manual vs automated callosal 

tracing or selection) and statistical models (uncorrected or corrected multiple t-tests, 

multiple univariate vs multivariate analysis of variance, repeated measures models) 

makes robust comparative interpretation across these studies problematic. It is not 

surprising that, almost a decade after the first publication of the Witelson method, a 

meta-analysis of mid-sagittal callosal size in schizophrenia was only able to examine 

total area as methodologies differed so much as to make cross-comparison virtually 

impossible  (Woodruff et al., 1995). After two decades of utilization of this 

methodology, this situation is essentially unchanged  (Arnone et al., 2008a).  

 

 

 
 

Figure 2.1. A diagrammatic representation of the interhemispheric pathways based on 
neurohistological studies  (Witelson, 1985, Witelson, 1989).  
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Figure 2.2. Witelson’s divisions of the corpus callosum  (Witelson, 1989). ACC and PCC 
indicate the most anterior and posterior points of the callosum, M and M1 are superior and 
inferior points of the callosum at its midpoint, S and S1 are superior and inferior points on the 
posterior bulbous region which is the splenium, chosen such that SS1 is the length of the maximal 
perpendicular between two parallel lines drawn as tangents to the superior and inferior surfaces 
of the splenium, and G is the most anterior point on the inner convexity of the anterior callosum. 

 

 

2.2.1.2 Radial Fifths Method 
 

This methodology was first published by O’Kusky et al in 1988 in an analysis of 

regional differences across handedness in healthy individuals, and parcellates the 

callosum in a non-anatomically informed way, thus differentiating it from the 

Witelson et al methodology  (O'Kusky et al., 1988). In this methodology, vertical 

lines are drawn from the tip of the genu and the tip of the splenium (on a non-oriented 

mid-sagittal image. This line is divided into 5 equal segments, and vertical lines then 

drawn upward to intersect the ventral border of the callosum. Radial tangents are 

drawn from the midpoint of the horizontal line to the cut-points of these vertical lines, 

to divide the callosum into fifths. The most anterior region (CC1) was designated as 

the genu, and the most posterior (CC5) as the splenium (figure 2.2.3). O’Kusky et al 

(found that right-hemisphere language dominance was associated with a larger 

callosum overall, particularly in the anterior to middle regions, but not the splenium, 

suggesting this method has some capacity to differentiate regional differences. This 

method was also utilized by Hynd et al in an analysis of patients with attention-deficit 

hyperactivity disorder (ADHD), where they demonstrated that patients with ADHD 

showed reductions in the genu and splenium  (Hynd et al., 1991). However, neither of 

these studies ensured correct alignment of the mid-sagittal slice to minimize 
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variability, nor did they account for head size or statistically control for non-

independence of adjacent callosal measures in their analysis.  

 

 

 

Figure 2.3. Two examples of the radial fifths method of parcellating the callosum into 
segmental area. On the left, original figure from O’Kusky et al’s analysis of regional area and 
handedness  (O'Kusky et al., 1988). On the right, Hynd et al’s examination of ADHD patients  
(Hynd et al., 1991). 

 

This method has been utilized in a number of further studies, most notably the 

Leukoaraiosis And DISability (LADIS) study (figure 2.2.4), where the callosum was 

linearly transformed prior to segmentation to account for head size, and to ensure a 

correct orientation for measurement  (Ryberg et al., 2008, Ryberg et al., 2007). This 

study identified a correlation between white matter load and callosal shape, 

particularly in the splenium and rostrum.  
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Figure 2.4. The radial fifths method as used in the LADIS study  (Ryberg et al., 2008, Ryberg 
et al., 2007). 
 

The only schizophrenia studies to use this method have found mixed results. John et 

al found area CC2 (corresponding to the posterior genu) was larger in medication-

naïve recent-onset schizophrenia patients  (John et al., 2008). However, two previous 

studies found no difference between carefully-matched established schizophrenia 

patients and matched controls  (Meisenzahl et al., 1999, Frodl et al., 2001).  

 

 

2.2.1.3 Vertical Fifths Method 
 
A hybridization of the Witelson method, which involves both the use of vertical lines 

transecting the callosum, but dividing the callosum into five segments of equal 

horizontal width (figure 2.2.5), was first published in two studies of ageing in 1991 

and 1993  (Weis et al., 1991, Weis et al., 1993). This Vertical Fifths method has been 

used in a small number of schizophrenia studies. Hoff et al showed that total and 

regional callosal area did not differ between male patients and controls, but that most 

subregions were smaller in female schizophrenic patients  (Hoff et al., 1994). 

Bachmann et al showed, in a first-episode group, that both males and females were 

smaller in most subregions than schizophrenic patients  (Bachmann et al., 2003b), but 

that females generally had larger subregions. Panizzon et al showed a global rather 

than regional reduction in the callosum when using the vertical fifths method  

(Panizzon et al., 2003). Sun et al found, in a treatment-resistant schizophrenia 

population, that the splenium was enlarged in schizophrenia patients  (Sun et al., 
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2009c).  

 

However, the studies that use these relatively crude segmentations of the callosum 

based on either arbitrary or tractographically-derived segmentations based on large 

cortical regions appear to produce conflicting results in schizophrenia samples. Some 

of this variability may be because of variability in other elements of methodology, 

such as patient selection, registration and statistical analysis, although it is also 

possible that a relatively “coarse” methodology is unable to detect relatively subtle 

differences that may be present in neuropsychiatric disorders. Given that many of 

these methodologies were developed outside psychiatric disorders (examining normal 

ageing, or neurodegenerative disorders such as dementia), it may be that 

methodologies that result in a finer “cut” of the callosum are more likely to detect the 

subtle changes present in major mental illness. 

 

 

   

Figure 2.5. The vertical fifths method as used in the Bachmann et al study in first-episode 
patients  (Bachmann et al., 2003b) and the Sun et al study in treatment-resistant patients  (Sun et 
al., 2009c). As per the Witelson method, a horizontal line running from the anterior to posterior 
extent of the callosum is divided into fifths, and orthogonal lines drawn which segment the total 
area of the callosum. 
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2.2.1.4 Hofer & Frahm’s Tractographically-Derived Method 

During the course of this thesis being completed, Hofer et al published an extension 

of traditional segmentation of volumetric images of the callosum by attempting to re-

parcellate the corpus callosum on the base of tractographic studies, drawn from 

diffusion-tensor imaging in the same subjects on which volumetric imaging was 

obtained   (Hofer and Frahm, 2006). Through parcellation of the cortex, and then 

mapping the callosal regions through which these cortices connected to their 

contralateral homolog, they were able to modify the original Witelson-based method 

to produce a new segmentation methodology which is likely more representative of 

the true regional connectivity of the callosum. Specifically, the authors define the 

most anterior segment of the CC as the area that contains fibers that project to 

prefrontal regions. The second segment, which makes up the remainder of the anterior 

half of the callosum, contains fibres projecting to premotor and supplementary cortex. 

The third segment contains fibres projecting to primary motor cortex, while fibres 

traversing the callosum in the fourth segment project to primary sensory cortex. 

Finally, the most posterior segment of the CC projects to parietal, temporal, and 

occipital cortex, although this posterior section could not be further differentiated 

because fibres projecting to each of these regions intermingle (figure 2.2.6). This 

methodology appeared in the literature and was validated during the latter part of this 

thesis, and is included for completeness with regards to area segmentation methods.  

 

This method relies on the collection of concurrent diffusion-weighted and volumetric 

MRI images, which was beyond the scope of the current study, which aimed to 

determine the localization of structural change and interpret these post hoc rather than 

analyse with presumed anatomical models constraining the original analysis. 

However, for future regional segmentation analysis, this methodology provides a 

more anatomically meaningful method of callosal parcellation. Whilst this exact 

methodology has not been used directly on schizophrenia populations, similar 

methodologies that examined regional callosal differences in schizophrenia patients 

compared to healthy controls have been developed following Hofer and Frahm’s 

original publication  (Kubicki et al., 2008, Miyata et al., 2007), suggesting that this is 

an exciting way forward. 
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Figure 2.6. An overview of the Hofer and Frahm method  (Hofer and Frahm, 2006, Hofer et al., 
2008). On the upper left, cortically-segregated callosal fibre tracts colour-coded according to 
region, where green=prefrontal lobe, light blue=premotor/supplementary motor, dark 
blue=primary motor, red=primary sensory cortex, orange=parietal lobe, purple=temporal lobe, 
and yellow=occipital lobe. Bottom left, the callosal regions corresponding to these regions. On 
upper right, the original Witelson parcellation method drawn from neuropathological work; 
bottom right, the proposed scheme by Hofer and Frahm based on their analysis, which was 
corroborated in non-human primates (bottom left). 
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2.2.2 Callosal Thickness/Area Analysis Methods 
 

Segmental area of the callosum as described above is a very crude measure of shape, 

that may have limited power to detect the subtle changes seen in schizophrenia and 

other mental disorders. The first published methodology to address this was published 

by Downhill et al in 2000, examining schizophrenia and schizotypal personality 

disorder patients. The aim in their study was to divide the callosum into a larger 

number of regions, with the aim of reducing the likelihood of modest or focal changes 

being lost in large subregional analyses. Their method followed these steps (figure 

2.2.7):  

 

1. Manual tracing of the callosal outline 

2. Identification of endpoints on the splenium and genu 

3. Dorsal and ventral surfaces between these points divided into 30 segments 

by placement of 29 equidistant points 

4. Generation of a mid-spline traversing the callosum 

5. Mid-spline divided into 30 segments by 29 equidistant points 

6. 3 lines drawn through the points on the mid-spline: perpendicular to the 

spline, and to the points on either side; final line averaged the angle of these 

three lines 

7. Manual repositioning of lines that may have intersected 

8. Generation of 30 segmental areas in between these semi-orthogonal lines 

 

 

Figure 2.7. The callosal method as per Downhill et al, which divides the callosum into 30 
equidistant segments  (Downhill et al., 2000). 

 



 108 

In this study, Downhill et al showed that this method detected reduced regional area 

in the anterior genu of the callosum and the splenium of patients with schizophrenia 

(figure 2.2.8).  

 

 

Figure 2.8. Results from the callosal method as per Downhill et al, showing reductions in the 
genu and splenium in schizophrenia patients  (Downhill et al., 2000). 

 

Peters et al utilized a similar methodology and divided the callosum into 100 separate 

regions, with the aim of attempting to utilize factor analytic techniques to determine 

anatomically co-segregating areas (figure 2.2.9). Points were placed at the genu and 

splenium, with a mid-spline running from these regions which is divided into 100 

equidistant regions  (Peters et al., 2002). This method was derived from an automated 

method first developed by Denenberg  (Denenberg et al., 1991), with the aim of 

facilitating these factor analyses to ensure that examined subregions are appropriate to 

the population under study. However, the lines that then run from these points to the 

surface are not obviously orthogonal and their method of generation is not specified in 

the text.  
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Figure 2.9. The Peters et al – after Denenberg – method, showing the callosum divided into 100 
percentile widths  (Peters et al., 2002). 
 

The factor analysis in this study determined seven subregions, which were broadly 

consistent with presumed cortical parcellation maps, but again this does not address 

the issue of subtle or small changes not being detected by a relatively “coarse” 

approach.  

 

This method was further elaborated in a study of a mixed dementia population 

(including patients with Alzheimer’s disease, vascular dementia and mild cognitive 

impairment, figure 2.2.10), and showed that Alzheimer’s patients showed reduced 

width in the anterior and posterior callosum  (Hallam et al., 2008). 

 

 
 

Figure 2.10. The Denenberg/Peters method as utilized by Hallam et al in a dementia 
population  (Hallam et al., 2008). 
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Whilst each of these methods show promise in detecting subtle regional changes that 

are not based on a priori (and often incorrect) hypotheses about which anatomical 

regions connect which cortical regions, neither of these methods has been used in 

other datasets, nor their findings replicated. However, they demonstrate the utility in a 

methodology that is not automatically constrained by assumptions (as in the Witelson, 

radial fifths and vertical fifths methods) about changes occurring in a regionally-

specific manner that conforms to cortical connectivity maps. 

 

Given the evidence at this stage that these latter methods showed some promise in 

detecting changes in schizophrenia, and had been published at the onset of this thesis 

in 2003, this thesis aimed to utilize a similar methodology to examine regional 

changes in callosal shape in schizophrenia. Given that approaches to callosal 

morphology differ so greatly between studies, and that the same morphology is often 

not replicated to allow comparability across illness stages or groups, this thesis 

planned to utilize a single, sophisticated methodology across illness stages in 

schizophrenia (in established patients, first-episode patients, and patients who were 

scanned during the prepsychotic phase), and to determine how callosal morphology 

related not only to illness stage, but to illness outcome. We also sought to determine 

whether patients in first-episode psychosis, whose ultimate diagnostic outcome is 

often uncertain, with a schizophrenia-spectrum illness differed from those without.  

Furthermore, this thesis aimed to determine whether changes seen in schizophrenia 

were specific to schizophrenia – or merely a marker for major mental illness – by 

comparing schizophrenia to major mental disorders such as bipolar affective disorder 

and major depression. By undertaking a rigorous methodological approach across 

multiple illnesses and illness stages, this candidate hoped to conclusively unite a 

disparate field of research to determine whether different mental disorders had a 

particular callosal shape “signature” that would assist in determining different 

illnesses’ divergent biological underpinnings, and perhaps aid in the early and robust 

diagnosis of major disorders with the aim of ensuring patients are ultimately managed 

and treated appropriately.  
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2.2.3 A Brief Discussion About Diffusion Tensor-Based Approaches 
 

During the time of preparation of the work contributing to this thesis, an explosion of 

studies using diffusion tensor imaging (DTI) appeared to probe the role of 

microstructural change in white matter in a range of diseases. Whereas callosal shape 

analysis began in the mid-1980s, microstructural analysis of callosal structure using 

DTI only began almost two decades later, with the maturation of DTI-based 

technology. DTI is able to probe microstructural properties of white matter, including 

axonal integrity, degree of myelination, and coherence of fibre organization  (Basser, 

1995, Basser and Pierpaoli, 1996). DTI analyses stand to complement volumetric 

analyses, which focus on gross structural changes, by linking microscopic with 

macroscopic neuropathology. Macrostructural and microstructural analyses may not 

necessarily covary; for example, it is possible to see alterations to size or shape of a 

structure in the absence of microstructural change, inasmuch as it is possible for 

subtle microstructural change to be present in the absence of gross structural 

alterations.  

 

2.2.3.1 DTI Analyses of the Callosum in Schizophrenia 

 

As in T1-weighted imaging, the callosum is readily segmented on fractional 

anisotropy (FA) maps given its much higher signal intensity compared to surrounding 

tissue. The explosion of studies using DTI-based methodology has lead to a number 

of analyses examining callosal structure in schizophrenia, using both voxel-based 

morphometric (VBM) and region-of-interest (ROI) approaches. Most of these studies 

have demonstrated reduced callosal microstructural integrity (measured via FA or 

diffusion measures) in schizophrenia patients  (Agartz et al., 2001, Ardekani et al., 

2003, Brambilla et al., 2005a, Buchsbaum et al., 2006a, Cheung et al., 2008, 

Federspiel et al., 2006, Foong et al., 2000a, Hubl et al., 2004, Kanaan et al., 2006, 

Kyriakopoulos et al., 2008b, Price et al., 2007, Rotarska-Jagiela et al., 2008, Shergill 

et al., 2007, Gasparotti et al., 2009) but findings of increased  (Hubl et al., 2004) and 

normal  (Buchsbaum et al., 1998, Foong et al., 2002, Miyata et al., 2007, Price et al., 

2005a, Kumra et al., 2004, Seok et al., 2007, Sun et al., 2003a) anisotropy have also 

been reported. Most of these differences have been highlighted in the regions 

containing small-diameter fibres that connect heteromodal association cortex such as 
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the splenium  (Agartz et al., 2001, Ardekani et al., 2003, Brambilla et al., 2005a, 

Cheung et al., 2008, Douaud et al., 2007, Federspiel et al., 2006, Foong et al., 2000b, 

Kyriakopoulos et al., 2008b, Price et al., 2007, Rotarska-Jagiela et al., 2008, 

Gasparotti et al., 2009) and the genu  (Ardekani et al., 2005, Brambilla et al., 2005a, 

Buchsbaum et al., 2006a, Douaud et al., 2007, Hubl et al., 2004, Kanaan et al., 2006, 

Price et al., 2007, Rotarska-Jagiela et al., 2008, Shergill et al., 2007). The majority of 

these studies have been undertaken in established schizophrenia patients, although a 

small number of studies show similar reductions in these regions in first-episode 

patients  (Cheung et al., 2008, Federspiel et al., 2006, Gasparotti et al., 2009, Price et 

al., 2005a, Price et al., 2007). Only one group has published on high-risk patients who 

later became psychotic to determine if pre-psychotic changes existed, and found no 

changes when comparing to those who did not convert to psychosis  (Peters et al., 

2008, Peters et al., 2010). However the sample sizes in this study were very small, 

and these analyses also did not detect changes in first-episode patients, suggesting 

methodological differences from other studies may be responsible for conflicting 

results. 

 

One of the key limitations in the above body of work is the significant methodological 

variability amongst studies, including different DTI imaging parameters, use of 

alignment or registration prior to ROI selection, placement and size of ROIs, differing 

gender mix between samples, and variable control for the effects of medication  

(Gasparotti et al., 2009). Most of the groups who have contributed to this literature 

base have examined only one restricted sample, generally at one illness phase, with 

their own unique choice of methodology, and have generally not compared their 

findings to those in other mental disorders such as bipolar disorder or major 

depression. 

   

 

2.2.3.2 DTI-Based Segmentation in Schizophrenia 

 

One unique application of DTI, however, has been to improve segmentation of the 

corpus callosum. Abe et al were the first group to move beyond microstructural 

analyses of total or arbitrarily-defined callosal regions using DTI, by utilizing 

tractography techniques – seeded from parcellated cortical regions to their 
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contralateral hemispheric homologue – to determine a cortically-based segmentation 

of the corpus callosum, which would then allow “true” regionally-defined segments to 

have their macro- or micro-structural regions analysed. The approach by Abe et al 

was relatively basic, and utilized deterministic tractography to determine which 

cortical regions’ homotopic fibres ran through which callosal regions  (Abe et al., 

2004). This was expanded upon by Huang et al (figure 2.2.11), who were able to 

show that compared to eight healthy controls, the cortically-parcellated regions of a 

stroke patient were reduced in the region containing motor and sensory fibres, in line 

with the clinical deficits  (Huang et al., 2005). 

 

  

Figure 2.11. The approach by Huang et al, showing a mea map of regions from differing 
cortical regions mapped to a mid-sagittal callosal image (left) and a cutaway image showing 
tractographically-mapped fibres traversing the callosum (right). 

 

Various other groups developed similar methodology  (Niogi et al., 2007, Styner et 

al., 2005), applying it to a range of situations, including healthy ageing and clinical 

populations  (Cascio et al., 2006, Hasan et al., 2008, Hasan et al., 2009). The only 

study utilizing this approach in schizophrenia found a reduced fractional anisotropy 

(FA) in the genu of the callosum only in schizophrenia, and this reduction correlated 

strongly with measures of both positive and negative symptoms  (Kubicki et al., 

2008). 

 



 114 

 

Figure 2.12. The approach described in Kubicki et al, showing the combination of a 
probabilistic model from group data (right) and applying this to an individual dataset (left). 

  

As shown above in figure 2.2.12, a model is built from tractographically-based 

segmentation data based on main cortical regions, from which a probabilistic model is 

built for callosal regions connecting four main cortical regions. The DTI data from an 

individual patient is fit to this model by a combination of linear and non-linear 

approaches, to enable measurements from each segment to be analysed in each 

individual DTI image. 

 

Miyata et al used a very restricted version of this methodology, with the aim of 

defining only the region of the callosum that connected contralateral frontal cortex; 

after defining this region, they demonstrated reduced anteroposterior length and area 

of this region  (Miyata et al., 2007). 

 

Whilst a tractographically-derived model is attractive, it still results in a coarsely-

grained, albeit anatomically valid, segmentation model that can be analysed for subtle 

differences in microstructure. It solves the problem of an arbitrarily-defined 

measurement model for anatomical data, but does not necessarily solve the difficulty 

that subtle changes in a region may be lost when the region sampled is much larger 

than the region where change exists. However, with methodological maturation, these 

approaches highlight the possibility of combining macrostructural and microstructural 

data to allow a sophisticated structural model that combines shape analysis of a 
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structure with a more sophisticated analysis of internal structure, and is a logical and 

planned extension of this author’s work.  



 116 

 

2.3 An Overview of The Planned Callosal Morphometry Method 

 

Given the above critique of frequently-used callosal methodologies, the candidate 

utilized and further developed a callosal morphometry method that was characterized 

by the following features: 

 

• Use of linear registration to account for gender and illness effects on the 

relationship between callosal and brain size 

• Semi-automated segmentation with manual checking to maximize reliability 

• Modular and extensible analysis of two dimensional callosal maps with all 

analysis and statistical modeling hand-coded in Matlab 

• Calculation of overall callosal metrics including area, length, mean thickness 

and curvature 

• Shape sampling method unconstrained by a priori assumptions regarding 

anatomy and callosal regions segments, using multiple measurements to 

maximize utility in detecting focal and widespread change 

• Non-parametric, permutation-based statistical model allowing for between-

group and within-group testing 

 

This method was initially developed to examine focal changes in callosal contour that 

may accompany focal epilepsy, in which very small alterations in cortical structure 

may result in subtle alterations in callosal morphometrics  (Wood et al., 2008). As 

part of the work contributing to this thesis, this methodology was enhanced, allowing 

for the extraction of a greater number of variables describing callosal shape. The 

method is described in detail in the following sections. Our aim was to use a 

consistent technique across illness stages in schizophrenia that was methodologically 

and statistically robust, with the aim of determining whether changes seen in 

schizophrenia were present across the lifecycle of the illness, and whether any 

changes were specific to schizophrenia or clearly differentiated schizophrenia-

spectrum illness from other major mental illness. 
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Brain Extraction 

As the methodology in this study ultimately uses linear registration techniques, to 

reduce the likelihood of non-brain tissue distorting the registration process, the brain 

was first segmented from the head using the Brain Extraction Tool (BET) v1 from the 

freely available FSL 3.0 software package (FMRIB, Oxford, UK; figure 2.4.1). BET 

removes non-brain tissue from high-resolution MR images (such as eyeballs, skin, fat 

and muscle) to improve registration robustness  (Smith, 2002). In this processing step, 

each MR image was brain-extracted using default BET options (figure 2.4.2), and 

then images carefully checked to ensure that there was no excess tissue in the neck 

region, that there was no excess non-brain tissue beyond the pial surface of the grey 

matter, or that grey matter regions had not been excessively “eroded” during the brain 

extraction process. If this was found to be the case, fractional intensity and vertical 

gradient options were iteratively modified to ensure that, for each image, an ideal 

brain extraction was ultimately effected. This final checking step was crucial due to 

the linear nature of the registration that was undertaken, which is dependent on using 

brain surfaces to achieve accurate registration. 
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Figure 2.14. Example of BET process on example image. Top left, outline of tessellated 
triangles. Top right, segmentation result in axial plane; bottom left, in coronal plane; bottom 
right, in sagittal plane.  

Figure 2.13. Outline of BET process. 
Sphere placed with centre of gravity in 
image centre. Surface of tessellated triangles 
allowed to slowly deform outwards towards 
pial surface, one vertex at a time, 
maintaining smooth contours to follow the 
brain surface.  
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2.4 Registration 

We chose to register images using the software package Automated Image 

Registration (AIR) version 3.0  (Woods et al., 1998), using the MNI152 template 

from the Montreal Neurological Institute, an MRI template image comprising the 

average of 152 normal T1-weighted MRI scans previously placed in stereotaxic 

coordinate space. After optional smoothing or interpolation to cubic voxels, the input 

image was resampled to match the template image. Resampling is based on the 

current parameters of the spatial transformation model and also requires an 

interpolation model to compute voxel intensities. A cost function reflecting the 

similarity of the two images is then computed. For linear spatial transformation 

models, biases are avoided by reversing the roles of the reslice and reference image 

and inverting the spatial transformation to compute a second estimate of the cost 

function, which is then averaged with the first. The derivatives of the cost function 

with respect to the parameters of the spatial transformation model are computed and 

are used to compute new parameters and iteratively minimize the cost function. 

Termination criteria are tested with each iteration to decide whether to continue 

iterating, to increase sampling, or to stop. The spatial transformation that produced the 

lowest value of the cost function is stored and can be used to produce registered 

images. We used a 9-parameter linear transformation model, which allowed for 

rotation, translation and scaling across each of the three principal axes. This is 

illustrated in figure 2.6.1. 

 

 

Figure 2.15. Illustration of the 
methodology used by Automated Image 
Registration, adapted from  (Woods et al., 
1998). The template (reference image, on 
left) and input (reslice image, on right) are 
smoothed and interpolated prior to the 
generation of the cost function, which 
continues to be iteratively minimized until 
the lowest cost function, and thus the best 
transformation between the two images, is 
generated. 
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Our choice of transformation model was informed by the work of Bermudez and 

Zatorre, who examined the relationship between mid-sagittal callosal segmental area 

and brain size across genders. They examined three methods of accounting for brain 

size in callosal size analyses: linear transformation into stereotaxic space (such as 

undertaken in the methodology described in this thesis), the use of a scaling factor to 

normalize callosal area, and the use of intracranial or brain volume measures as a 

covariate in analysis of covariance between groups  (Bermudez and Zatorre, 2001). 

All three methods have been purported to be conceptually equivalent in that they are 

intended to remove the variance in CC area measurements associated with global 

brain size. However, there is a non-isometric, geometric relationship between an area 

(such as mid-sagittal callosal area) and a volume (such as intracranial or whole brain 

volume)  (Holloway and De Lacoste, 1986, Jancke et al., 1999, Jancke et al., 1997, 

Jancke and Steinmetz, 1998). This can introduce a systematic bias for groups with a 

smaller mean head size (such as females compared to males, where the ratio of area to 

volume decreases disproportionately as head size increases), or where there is 

dimorphism between patients and controls in this relationship. This introduces a 

significant confound into these analyses  (Bermudez and Zatorre, 2001), particularly 

in schizophrenia, where there may be a dissociation between brain volume and 

callosal area change  (Woodruff et al., 1995).  

 

The analyses by Bermudez & Zatorre suggested that the covariate method, whether 

using frontal brain volume (FBV), FBV2/3, sagittal area, coronal area or axial area, 

tended to minimize differences. Furthermore, the regression slopes between callosal 

area and FBV differed between genders, violating the assumption of homogeneity of 

slopes and thus making this method statistically invalid. As a result, ANCOVAs that 

use a brain volume measure as a covariate are statistically invalid unless this basic 

ANCOVA assumption is verified. This has only rarely been reported in studies that 

use a covariate  (Jancke et al., 1997), thus rendering the results of many of these 

studies questionable. The ratio method was found to be valid only when a brain 

volume was “reduced” (i.e. FBV2/3) to two dimensionality, or an area measure was 

used. This avoids the statistical assumptions required for an ANCOVA. Linear 

transformation into stereotaxic space, as in our method, similarly addressed the area-

volume relationship across groups in a valid fashion, obviating the need for the error-
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prone and labour-intensive process of collecting an index of brain size (and thus 

avoiding another source of unreliability) and also, by ensuring a consistent orthogonal 

orientation and specification of the mid-sagittal position (at x=0) again reduces the 

likelihood of introduced errors by imperfect selection of the mid-sagittal slice  

(Bermudez and Zatorre, 2001). 

 

An example of 9-parameter linear registration to the MNI152 template on a normal 

control is given in figure 2.6.2.  

 

   
Coronal View 

 

   
Sagittal View 

 

    
Axial View 

Figure 2.16. Example of 9-parameter linear transformation on skull-stripped MRI image.  On 
the left, the original image (with non-brain tissue removed); on right, after linear transformation 
into sterotaxic space. 
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2.5 Selection of the Mid-Sagittal Slice 

Robust utilization of the mid-sagittal slice is the long-established gold standard for 

callosal area analyses. Ensuring that images are accurately and appropriately aligned 

so that a sagittal slice through this plane can be chosen is paramount, as head rotation, 

which is likely to be random amongst a group of subject, is likely to increase 

variability in callosal measurements and thus mask true differences, particularly if 

these are subtle  (Dorion et al., 2001). Coffman et al and Rauch and Jinkins have both 

reported significant variability in midsagittal measurements of cerebral structures 

(including the corpus callosum) that are dependent on subject orientation within the 

MRI machine  (Coffman et al., 1989, Rauch and Jinkins, 1996). Whilst some authors 

suggest the averaging of at least two parasagittal cuts to resolve this  (Coffman et al., 

1989), this has been shown to reduce the reliability of midline measurements  

(Coppola et al., 1995), due to the significant degree of asymmetry of callosal size in 

parasagittal regions  (Hadziselimovic and Cus, 1966). 

 

Traditionally, the mid-sagittal slice is chosen manually by an operator after 

orientation and interpolation of the native-space image using a landmark-based 

method. Most investigators use a plane that displays a combination of the following 

neuroanatomical features - the falx cerebri, the cerebral aqueduct, the pineal stalk, the 

peaked roof of the 4th ventricle, and minimal grey matter in the interhemispheric 

fissure  (Mitchell et al., 2003). However, as this is still operator-dependent (with 

regards to manual orientation of the image and manual selection of the plane most 

closely approximating a “true mid-sagittal” image), it is possible that there will be 

some operator-dependent error that affects results  (McCarley et al., 1999). As our 

image has been transformed to the MNI152 template, which involves alignment in 

addition to scaling, the x=0 slice on transformed images was able to be uniformly 

used as the chosen mid-sagittal slice, on the basis that this slice would reliably be the 

mid-sagittal slice in images transformed into stereotaxic space  (Bermudez and 

Zatorre, 2001). However, for all analyses this was confirmed by visual inspection 

using established landmarks, as it is theoretically possible that non-linear anatomic 

differences introduce non-equivalent sterotaxic locations for homologous landmarks 

from different brains  (Collins et al., 1994). 
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2.6 Segmentation 

Further analysis relied on segmenting the corpus callosum from this mid-sagittal 

image to allow our image analytical methods to be constrained to the callosum itself 

as a contiguous structure. The corpus callosum is readily identifiable on mid-sagittal 

images on T1-weighted MRI scans due to its high image intensity in comparison to 

surrounding grey matter sulci and cerebrospinal fluid. Thresholding on the basis of 

image intensity is a simple but effective tool for image segmentation, and producing a 

binarised image significantly decreases the computational cost and load of the 

succeeding image analysis steps compared to grey-level images. Although other grey 

level segmentation models have been developed  (Arifin and Asano, 2006), the 

unique image intensity qualities of the callosum and its surrounds make binary 

segmentation feasible. One of the well-known methods is Otsu’s thresholding method 

which utilizes discriminant analysis to find the maximum separability of classes, and 

thus reduces a grey-level image to a binary image  (Otsu, 1979). The algorithm 

assumes that the image to be thresholded contains two classes of pixels (e.g. 

foreground and background) then calculates the optimum threshold separating those 

two classes so that their combined spread (intra-class variance) is minimal. For every 

possible threshold value, the method evaluates the goodness of this value if used as 

the threshold. This evaluation uses either the heterogeneity of both classes or the 

homogeneity of every class. By maximizing the criterion function, the means of two 

classes can be separated as far as possible and the variances in both classes will be as 

minimal as possible. This method still remains one of the most referenced and utilized 

thresholding methods, in analysis of neuroimages as well as a range of other imaging 

applications  (Sezgin and Sankur, 2004). 

 

In the Otsu method, threshold that minimizes the intra-class variance is exhaustively 
searched for, defined as a weighted sum of variances of the two classes: 

 

Weights ωi are the probabilities of the two classes separated by a threshold t and  
variances of these classes. Otsu shows that minimizing the intra-class variance is the 
same as maximizing inter-class variance:  

 
which is expressed in terms of class probabilities ωi and class means µi which in turn 
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can be updated iteratively. This idea yields an effective algorithm: 

 

1. Compute histogram and probabilities of each intensity level 

2. Set up initial ωi (0) and μi (0) 

3. Step through all possible thresholds t=1… to maximum intensity 

a. Update ωi and μi 

b. Compute  

4. Desired threshold corresponds to the maximum  

 

An example of applying Otsu’s method to a grey-scale image is shown below (figure 

2.7.1): 

 

  

Figure 2.17. Example of Otsu’s histogram segmentation binarising a grey scale image. On left, 
original grey-scale image; on right, image binarised into two pixel classes (black and white) on 
the basis of optimum threshold cut-points. 

 

We applied this methodology to a constrained mid-sagittal region around the callosum 

to produce a segmented callosal area (figure 2.7.2). 

 

 

Figure 2.18. Segmented mid-sagittal image showing callosum, with small wedge of fornix 
immediately inferior to it.  
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We then used the Display program, part of the Montreal Neurological Institute 

(MNI)’s imaging toolbox, to select the callosal voxels from this image and ensure 

non-callosal white matter voxels (e.g. the fornix, figure 2.7.3) were not selected. This 

step differs significantly to a manual tracing of the outline of the callosum, in that 

only already white (i.e. value 1 rather than value 0) pixels are selected, and no 

already-black (value 1 rather than value 0) pixels are selected using this methodology, 

minimizing the possibility of incorrect voxel classification. This step formed the only 

component of the multi-step process in which manual intervention was required. 

Unlike manual tracing methods of the callosum, which are operator-dependent and 

thus subject to error, our method avoids the errors inherent in the manual selection of 

callosal edge through automatically segmenting using the Otsu algorithm. 

 

 

Figure 2.19. Callosal-only voxels from histogram-segmented image, to ensure that only callosal 
voxels are selected. 

 

We then utilized automated imaging techniques run on Matlab version 7.4 to extract 

characteristics from these binarised images. We looked at regional callosal thickness 

to identify regional changes in callosal shape and structure (section 2.9), and also 

extracted a number of metrics that describe the callosal size and shape non-regionally 

(sections 2.10-2.13). 
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2.7 Regional Callosal Thickness 

As the detection of subtle regionalized variations in shape was the chief aim, the 

candidate determined that fine-grained regional thickness methods (as described in 

chapter 2.3) may be more sensitive to subtle changes, particularly in early illness or 

in pre-psychotic stages, and used a regional thickness methodology similar to that 

used by Downhill et al to investigate schizophrenia and schizotypal personality 

disorder  (Downhill et al., 2000). To calculate regional callosal thickness, the 

segmented 2D binarised image was processed in an automated methodology that 

comprised of two stages. The first stage entailed the identification of upper and lower 

surfaces of the callosal margin. This was done using a procedure in which pairs of end 

points defining the limits of upper and lower surfaces were iteratively selected and the 

defined surfaces each divided into 40 segments of equal width by 39 nodes. The 

midpoint between corresponding nodes was identified and a line segment linking the 

endpoints and successive midpoints drawn. Optimum end points were selected as 

those which maximised the length of this line segment.   

Once optimum endpoints and corresponding midpoints had been identified, a smooth 

curve joining them was obtained with cubic spline interpolation. This curve was 

divided into 40 segments of equal lengths by 39 nodes. At each node, the line 

orthogonal to the curve was calculated. The distance between its intersection with the 

upper and lower edges of the callosum represented regional callosal thickness. This is 

shown in figure 2.8.1. 
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Figure 2.20. Interpolated sample callosal images to demonstrate regional thickness 
calculations. On left, callosal binarised image with genu (anterior) at left and splenium 
(posterior) at right. On right, inner (red) and outer (green) surfaces are used to define anterior 
and posterior endpoints. A spline is then interpolated between these points that traverses the 
mid-section of the callosum in this region. This divided into 40 equidistant lengths, separated by 
39 nodes and the endpoints, with streamlines orthogonal drawn from inner to outer callosal 
surfaces at each point. 
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2.8 Total Mid-Sagittal Area 

The total callosal area (in stereotaxic space in mm2) was then calculated, as per most 

methodologies described in section 2.3, by adding up the number of total callosal 

pixels in the binarised mid-sagittal image that were selected as being callosal in origin 

(figure 2.9.1). 

 

 

Figure 2.21. Callosal outline showing surface outline (black) and interior area (green), 
calculated as the total,mid-sagittal area.  
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2.9 Callosal Length 

The length of the mid-spline is then measured. Unlike many other callosal measures, 

which use an arbitrary measure of callosal length based on its anterior-posterior 

dimentions on the mid-sagittal slice (which may not capture alterations in length in a 

thinner and more curved callosum – see results of chapter 3, where schizophrenia 

patients demonstrated a more upwardly bowed callosum), our length measure (in mm 

in stereotaxic space) is a “true” measure of unfolded callosal length that is curvature-

independent (figure 2.10.1). 

 

 

Figure 2.22. Callosal outline showing surface outline (black) and interior mid-spline (red), 
whereby the length of the interior mid-spline was used as a measure of curvature-independent 
callosal length. 
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2.10 Callosal Bending Angle 

Callosal bending angle methodology was adapted from other studies which used this 

relatively simple bending angle as a simple measure of callosal curvature  (Schmitt et 

al., 2001, Peterson et al., 2001). A straight line was automatically drawn between the 

anterior endpoint and node 20, the middle callosal node, and then another straight line 

drawn to the posterior endpoint (figure 2.11.1). The angle subtending this was 

measured in both radians and degrees. 

 

 

Figure 2.23. Callosal outline showing generation of bending angle, in which the angle 
subtending the lines that connect each endpoint to node 20 (nominally the mid-point of the 
callosal spline) is generated for each callosal 2D binary image. 

 

 

2.11 Mean Callosal Thickness 

The mean callosal thickness was a relatively simple arithmetic measure, calculated as 

the mean of all 39 regional thickness measurements. 
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2.12 Between-Group Analyses 

For most main measures (e.g. total area, mid-spline length, bending angle, mean 

thickness), t-tests or one-way ANOVA/ANCOVA were utilized as required to 

determine significant between-group differences. 

 

In considering our analysis of regional callosal morphology, a number of statistical 

issues warranted consideration in the methodology. These related to the fact that, 

particularly in our regional thickness analysis, multiple points were sampled on the 

same structure. This raised the need to control for multiple comparisons (to reduce the 

likelihood of type I error), and the need to build into the statistical model a 

mechanism of controlling for non-independence of adjacent callosal measures (as 

thickness at node 1, for example, is likely to be highly correlated with thickness at 

node 2, and so forth). 

 

Previous analyses of regional callosal alterations between groups have tended to 

utilize the following methodologies: 

1. Multiple independent-sample t-tests of corresponding regions in 2-group 

comparisons, with or without correction for multiple comparisons; 

2. Analysis of variance of corresponding regions, covarying for measures 

(anatomical or geographic) that differed between regions (ANCOVA), 

with or without correction for multiple comparisons; 

3. Multivariate analysis of variance of corresponding regions, covarying for 

measures (anatomical or geographic) that differed between regions 

(MANCOVA), without accounting for non-independence of adjacent 

measures; or 

4. Repeated-measures analysis of variance of corresponding regions, 

covarying for measures (anatomical or geographic) that differed between 

regions (RMANCOVA), accounting for multiple comparisons using 

degrees of freedom reduction. 

 

The analysis employed in this study explicitly accounted for multiple comparisons 

and potential statistical non-independence of adjacent callosal measurements. This 

latter issue is similar in estimating the volume or thickness of adjacent cortical regions 

which cannot be assumed to be independent  (Lee, 1998). Whilst alpha reduction 
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methods have been described in some studies which may sample 5-7 measures of the 

callosum (for example, the Witelson approach), this is impractical in designs when 

sampling 40, 100 or 1000 points on a structure.  

 

We used a nonparametric, permutation-based randomization method adapted from 

those already in use for neuroimaging experiments  (Holmes et al., 1996, Nichols and 

Holmes, 2002). As this method is non-parametric, it makes no assumptions about the 

normality of the data under analysis, an important consideration in neuroimaging 

analyses, particularly where samples are small-to-moderate sized samples. In these 

settings, data cannot be assumed to be normal in its distribution, and ideally should 

have its normality tested rather than assumed  (Blair et al., 1996). As with other 

randomization tests, our methods yield an empirical distribution of the statistic of 

interest if the null hypothesis was true. For comparisons between groups, according to 

a null hypothesis of no difference, the empirical distribution for a test statistic (such as 

and including the t statistic) can be generated by randomly assigning group 

membership under the constraint of maintaining the correct group size. Similarly, 

when relating callosal thickness to illness variables, the null hypothesis is that there is 

no relationship between callosal thickness and illness variables and the statistic used 

to assess this is the regression coefficient between callosal thickness and illness 

scores. If the null hypothesis is true, the empirical distribution of the test statistic can 

be generated by randomizing the pairing of thickness measurement and asymmetry 

scores at each callosal node and calculating the correlation coefficient for each set of 

pairings. The flexibility of permutation analyses allows for a range of test statistics to 

be examined, including t, F and most other statistics used in parametric tests, in 

addition to other non-parametric test statistics.  

 

Permutation analyses generally follow this model: 

 

1. Null Hypothesis: Specify the null hypothesis. 

2. Exchangeability: Specify exchangeability of observations under the null 

hypothesis. 

3. Statistic: Specify the statistic of interest, usually broken down into 

specifying a voxel-level or regional-level statistic and a summary statistic. 

4. Relabeling: Determine all possible relabeling given the exchangeability 



 134 

scheme under the null hypothesis. 

5. Permutation Distribution: Calculate the value of the statistic for each 

relabeling, building the permutation distribution. 

6. Significance: Use the permutation distribution to determine significance of 

correct labeling and threshold for statistic image or structure. 

 

Permutation-based testing also allows us to explicitly control for the multiple 

comparisons problem, whereby 5% of measures (in our analysis, two regional callosal 

slice widths) might be expected to have p values less than 0.05 in the absence of true 

between-group differences. Type I errors must be controlled overall, such that the 

probability of falsely declaring any region as significant is less than a nominal test 

level ∝. Permutation tests at a single measure rely on the randomization process 

reassigning groups across the entire structure (in this case, all callosal measures, or in 

the case of brain-wide analyses, the entire image), so the arguments – and thus 

findings – can be extended to use image- or structure-level inference by considering 

an appropriate maximal statistic. Multiple methods are available in permutation 

testing, including controlling the family-wise error rate (FWER) as per the step-down 

method of Holm  (Holm, 1979) and reducing the false discovery rate (FDR) as per the 

method of Hochberg & Benjamini  (Benjamini and Hochberg, 1995). The step-down 

FWER control method is more stringent than Hochberg’s FDR reduction method, and 

significantly reduces false positives, albeit at the cost of false negatives  (Blair et al., 

1996). Unlike the Bonferroni correction, where the nominal p value threshold of 0.05 

is divided by the number of samples or measures, the Holm method individualises p-

value correction for each measure: 

 

1. The p-value of the measures are ranked from smallest to largest; 

2. The lowest p-value is multiplied by the number of measures: e.g. if the p-

value of node 1 in the callosum is 0.0001, this becomes 0.0039, which is 

still lower than the threshold of 0.05. If it is 0.01, this becomes 0.39, which 

is considered non-significant; 

3. The second p-value is multiplied by the number of measures, less 1 – in 

our analysis, 38; 

4. This iteration continues, until either the next ordered p-value, when 

multiplied by the reducing number of measures (from 39 to 1) is > 0.05, or 
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when the reducing number of measures reaches 1. 

 

Furthermore, a pure Bonferroni correction is inappropriate in settings where multiple 

variables from the same structure which are non-independent are samples, as it does 

not mathematically take into account the degree to which endpoints are correlated  

(Blair et al., 1996). A Bonferroni correction also does not ensure that FWER is 

maintained at α, but simply guarantees that FWER<<α. In this setting, utilizing a 

method as described above balances the need to reduce false positives, without being 

overly conservative. 

 

This non-parametric permutation method as applied to regional callosal morphology 

was first published by Wood et al in 2008  (Wood et al., 2008), and was adapted for 

this study. A number of other groups have applied this method of controlling for 

multiple comparisons and non-independence of measures to in more recent 2D  

(Weber et al., 2007, Vidal et al., 2006, Luders et al., 2007) and 3D analyses  (Duan et 

al., In Press, He et al., 2008a, He et al., 2008b, He et al., 2009) of the callosum.  

 

For analyses described in this thesis, each permutation analysis used 20,000 

randomizations. Statistical inference was always in accordance with Holm’s method 

of FWER reduction. This method provided an omnibus p level which, if <0.05, was 

followed by step-down t-testing to localize in which regions of the callosum p<0.05 

when corrected for multiple comparisons. Where another variable differed 

significantly between groups (e.g. age), the analysis was modified to use a 

permutation-based non-parametric ANCOVA, testing for F rather than t, using a 

covariate as required. 
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2.13 Within-Group Analyses 

When major callosal variables (total area, mid-spline length, curvature, mean 

thickness) were examined within group, correlation, regression or curve-fitting 

models were utilized as appropriate. 

 

For within-group analyses of regional thickness, a multivariate linear regression 

model was used that similarly used permutation testing as described above to control 

for multiple comparisons and account for the non-independence of anatomically inter-

related callosal measures. This produced, for each callosal measure, a correlation co-

efficient β, and a corrected p-value at each thickness. 
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CHAPTER 2 KEY POINTS 
 

The first and most-used MRI-based method of analyzing callosal subregions, 

based on the work of Witelson et al, was based on post-mortem measurements of 

the callosum and its connectivity profile to varying cortical regions. A number of 

related methodologies have been derived from this original method, which have 

either deliberately avoided presumed anatomical constraints, or have utilized 

tractography-based approaches. 

 

This thesis uses a method based on the mid-sagittal slice of T1-weighted MRI 

images, and is not based on a priori hypotheses about the relationship between 

callosal and cortical regions. 

 

This method aims to account for gender- and illness-divergent relationships 

between callosal and brain size using linear registration, as opposed to covarying 

for brain or intracranial volume. The unique anatomy of the mid-sagittal 

callosum allows for its binarisation on T1-weighted images using histogram 

segmentation. 

 

From this, a number of global and regional callosal metrics which allow for 

between- and within-group comparison. Regional thickness is compared between 

groups using a non-parametric permutation-based method, and the relationship 

between callosal and illness variables analysed using multivariate regression. 

 

By applying this methodology across multiple stages of illness in schizophrenia 

and comparator disorders from over 700 individuals, a key aim of this thesis is to 

avoid the methodological heterogeneity that plagues callosal morphometric 

research in major psychiatric illness. 
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SECTION  II 
 

 

MORPHOLOGY OF THE CORPUS 

CALLOSUM ACROSS ILLNESS 

STAGES IN SCHIZOPHRENIA 
 

 

Hamlet: Do you see yonder cloud that’s almost in shape of a 

camel?  

Polonius: By the mass, and ‘tis like a camel, indeed.  

Hanlet: Methinks it is like a weasel.  

Polonius: It is backed like a weasel.  

Hamlet: Or like a whale?  

Polonius: Very like a whale.  

 

- William Shakespeare, Hamlet 
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3 CORPUS CALLOSUM SHAPE IN ESTABLISHED & FIRST-

EPISODE SCHIZOPHRENIA  
 

3.1 Introduction 

As described in section 1, the corpus callosum (CC), has been strongly implicated as 

an anatomical mediator of dysfunctional inter-hemispheric transfer in schizophrenia  

(David, 1994, Innocenti et al., 2003), although subsequent studies, with widely 

varying methodologies, have shown increases and decreases in global and/or regional 

size, or no differences, when schizophrenic patients have been compared to controls. 

Woodruff’s meta-analysis suggests that the CC is smaller in schizophrenia, although 

only by 1-2% in size  (Woodruff et al., 1995). Shape analysis of the CC has 

implicated specific regions of the CC that carry fibres connecting prefrontal, superior 

temporal and inferior parietal cortices (DeQuardo et al., 1999, Keshavan et al., 

2002b), regions which have been shown to be altered structurally and functionally in 

schizophrenia  (Shenton et al., 2001), and schizophrenia sufferers may not have the 

normal increase in overall CC size with age (Keshavan et al., 2002b). Data in subjects 

experiencing their first episode of schizophrenia suggest that the CC is smaller 

(Keshavan et al., 2002b, Bachmann et al., 2003b) and/or more upwardly “bowed” 

(Frumin et al., 2002) compared to controls. Regional reductions have also been 

reported in callosal regions connecting prefrontal, temporal and inferior parietal 

cortices (Keshavan et al., 2002b), where volume loss has been reported in 

schizophrenia (Pearlson, 1997). This suggests that not only are these changes present 

at the first episode of schizophrenia and thus potentially representative of 

neurodevelopmental changes, but that they are intimately associated with grey matter 

changes seen in schizophrenia.   

 

If these changes are indeed a robust finding in schizophrenia, what is not clear is at 

what point in the lifespan of the illness these changes develop. Additionally, as there 

is evidence that brain changes may progress after the first episode of psychosis in 

grey matter structures  (Hulshoff Pol and Kahn, 2008, Pantelis et al., 2007), it is also 

not clear whether there is progressive CC change with establishment of illness. 

Findings in grey matter structures at first-episode are less obvious than in established 

illness, and may be at the limits of detection of MRI imaging technology  (Steen et al., 
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2006a).  It is possible that CC changes in patients with first-episode psychosis may be 

similarly covert and would require technology that detects subtle and/or regional 

change.  

 

 

3.2 Study Objectives 

The aim of the present MRI study was to determine whether the measures of callosal 

size and shape in a large cohort (n=217) of individuals across differing illness stages 

(first-episode schizophrenia-spectrum disorders (FESS) and established illness (CSZ)) 

differed to that of control subjects (CTL). Based on previous work, the candidate 

hypothesized that patients would show: 

• a globally smaller CC in the CSZ group, 

• regional reductions in regions connecting frontal and temporal regions in the 

CSZ group, and 

• similar reductions in the FESS group. 

 

 

3.3 Methods 

 

3.3.1 Subjects 

All first-episode schizophrenia-spectrum participants, aged between 16 and 30, were 

recruited from the Early Psychosis Prevention and Intervention Centre (EPPIC; n=76) 

and established schizophrenia participants from the Adult Mental Health 

Rehabilitation Unit (n=86) within the North Western Mental Health Program, 

Melbourne, Australia. DSM-III-R (Association., 1987) diagnoses were based on chart 

review, and structured diagnostic interviews (McGorry et al., 1990, First et al., 

1997a). The control participants (n=55) were recruited by approaching ancillary 

hospital staff and through advertisements. These subjects were recruited from similar 

socio-demographic areas as the patients. Demographic data was obtained on all 

subjects (table 3.1). Inclusion criteria for the FESS, CSZ and CTL subjects, recruited 

from 1994 to 1999, have been previously described (Velakoulis et al., 2006a). The 

first-episode schizophrenia-spectrum group included patients with schizophrenia 

(n=30), schizophreniform disorder (n=31), and schizoaffective disorder (n=15), and 

has previously been described  (Velakoulis et al., 2006a).  
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Table 3.1. Demographic details. IQ = intelligence quotient. In handedness, R/L/M/U = right/left/mixed/unknown. 
 
 
 

Subject Group Number 
 (M/F) 

Age (yrs) Height (cm) Premorbid IQ Handedness 
(R/L/M/U) 

Age of 
Onset of 
Psychosis 
Prior to 
Scan (Yrs) 

Duration of 
Psychosis 
Prior to Scan 
(Dys) 

Callosal Area 
(mm2) 

Callosal 
Length (mm) 

Mean 
Callosal 
Thickness 
(mm) 

PANNS 
Positive 
Symptoms 

PANSS 
Negative 
Symptoms 

CPZ 
Equivalents 
(mg) 

Established Schizophrenia  86 
(73/13) 

 34.57 (9.51)  174.21 (7.92) 94.87 (14.47) 71/6/5/4 22.07 (5.93) 4547 (3657) 644.90 (87.48) 105.30 (7.85) 6.78 (0.86) 21.89 (7.03) 23.48 (7.90) 655 (545) 

First-Episode Psychosis              
Schizophrenia 30 (22/8) 21.56 (3.82) 173.57 (9.93) 91.61 (16.94) 25/4/1/0 21.71 (3.71) 90.57 (115.90) 649.08 (106.48) 101.57 (7.40) 7.06 (0.91) 20.50 (5.53) 23.00 (7.63) 240 (249) 
Schizophreniform 31 (/238) 20.85 (3.31) 174.40 (8.66) 94.98 (9.74) 27/4/0/0 20.72 (3.30) 42.02 (59.80) 648.62 (67.93) 101.35 (7.08) 7.08 (0.69) 24.75 (6.53) 21.25 (6.83) 178 (119) 
Schizoaffective 15 (/114) 20.98 (2.97) 171.17 (8.88) 92.24 (14.94) 13/2/0/0 20.91 (2.96) 60.80 (104.95) 693.33 (100.47) 102.35 (6.35) 7.51 (0.97) 27.85 (5.51)  20.77 (8.05) 127 (118) 

 Schizophrenia 
spectrum 
psychoses 

Group 76 (56/20) 21.15 (3.42) 173.43 (9.18) 92.96 (14.17) 65/10/1/0 21.12 (3.39) 64.20 (112.22) 657.63 (91.82) 101.64 (6.99) 7.23 (1.51) 23.87 (6.48) 21.17 (6.87) 186 (166) 
Control Subjects 55 (34/21) 26.81 (10.59) 174.15 (9.06) 101.77 (10.66) 50/4/1/0 N/A N/A 656.26 (97.16) 104.45 (16.12) 7.19 (1.09) N/A N/A N/A 
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Patients in the CSZ and FESS groups were rated on the total positive and negative 

symptoms scales on the Positive and Negative Symptom Scale (PANSS,  (Kay et al., 

1989)) by trained raters, and medication at the time of scanning was converted to 

chlorpromazine (CPZ) equivalents. 

 

Subjects were screened for co-morbid medical and psychiatric conditions by clinical 

assessment, and physical and neurological examination. Written informed consent 

was obtained from all subjects. The study was approved by the local Research and 

Ethics Committee. Exclusion criteria for patients were: a history of significant head 

injury, seizures, neurological diseases, impaired thyroid function, steroid use or DSM-

IIIR criteria of alcohol or substance dependence. Control subjects with a personal 

history of psychiatric illness or family history of psychosis were excluded. 

 

3.3.2 Magnetic Resonance Scanning Acquisition 

All subjects were scanned on a 1.5T GE Signa MRI machine.  A three-dimensional 

volumetric spoiled gradient recalled echo in the steady state sequence generated 124 

contiguous, 1.5 mm coronal slices. Imaging parameters were: time-to-echo, 3.3 msec; 

time-to-repetition, 14.3 msec; flip angle, 30°; matrix size, 256 x 256; field of view, 24 

x 24 cm matrix; voxel dimensions, 0.938 x 0.938 x 1.5 mm. Head movement was 

minimised by foam padding and velcro straps across the forehead and chin. This 

scanner was calibrated fortnightly using the same proprietary phantom to ensure 

stability and accuracy of measurements. A numerical code was used to ensure blind 

analysis of data. 

 

3.3.3 Magnetic Resonance Imaging Analysis 

As described in chapter 2, the brain was automatically segmented from the rest of the 

head  (Smith, 2002), images registed to the MNI152 template using a 9-parameter 

linear transformation  (Woods et al., 1998), and the midsagittal slice interpolated. 

White matter voxels in this slice were automatically segmented  (Otsu, 1979) and 

non-callosal voxels then removed manually. The measures used in this study, and 

outlined in chapter 2, included: 

• Total midsagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 
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• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline. 

  

3.3.4 Statistical Analysis 

These analyses were undertaken on the callosal measures described above:  

 

• Analysis One – Comparison of main patient groups FESS, CSZ and CTL.  

• Analysis Two – Comparison of first-episode psychosis (FESS) subgroups and 

CTL.  

• Analysis Three – Analysis of effect of age on CSZ and CTL subjects, and 

duration of illness (DOI) on CSZ subjects. 

• Analysis Four – Analysis of the relationship between medication and callosal 

measures. 

• Analysis Five – Analysis of the relationship between psychotic symptoms and 

callosal measures. 

 

Determination of the effects of demographic variables was undertaken with Chi-square 

analyses for gender, and one-way analysis of variance (ANOVA) with Tukey’s post-

hoc comparison for age in years, height in centimetres and premorbid IQ measured 

using the National Adult Reading Test (NART). Correlations between demographic 

and illness variables major callosal metrics (total area, length, mean thickness and 

bending angle) were undertaken using Spearman’s rank correlation co-efficient. 

Positive and negative symptom scales on the PANSS were compared using ANOVA 

for three-group and t-tests for two-group comparisons.  

Callosal area, mean callosal thickness, callosal length and callosal bending angle were 

compared between groups using ANOVA. For regional callosal thickness, a non-

parametric permutation method  (Holmes et al., 1996) of 10,000 randomisations was 

used for between-group comparisons, as described in chapter 2. Statistical inference 

was based on the family-wise error (FWE) rate method to correct for multiple 

comparisons  (Holm, 1979). For between-group comparisons, the t statistic was 
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computed, with step-down tests for t used to localise at which slices the thickness 

differed significantly between groups. A multivariate non-parametric ANOVA with 

permutation was undertaken to examine for an overall effect of group. Non-parametric 

multivariate regression analyses using multiple dependent variables were undertaken 

to determine the effect of medication dose and positive and negative symptoms on 

callosal thickness measures 

 

3.4 Results 

 

3.4.1 Demographic and Illness data 

Comparison of the CSZ, FESS, and CTL groups (table one) demonstrated significant 

differences in gender (χ
2

[2]=9.68, p<0.01) with an excess of CSZ males compared to 

other groups, and age (F[2,216]=53.80, p<0.001) with FESS<CTL<CSZ. Premorbid 

IQ differed significantly across groups (F[2,216]=6.48, p<0.005) with CTL>FE=CSZ. 

There were no significant differences across groups in handedness (χ
2

[2]=5.13, 

p=0.274) or height (F[2,216]=0.188, p=0.829). Mean duration of illness prior to first 

scan in the CSZ group was 13.30±8.95 years, and in the FE group the duration of their 

index psychotic episode prior to first scan was 64.20±112.22 days. The age at onset of 

psychosis did not differ between the two patient groups (t=1.264, p=0.208). PANSS 

negative symptom total score was higher in the CSZ group at a trend level (t=1.741, 

p=0.084), although positive symptoms did not differ (t=-1.634, p=0.105). Medication 

dosage was significantly higher in the CSZ group (t=7.346, p<0.0001). When the 

three first-episode groups were compared, there were no significant differences on 

any demographic, medication, illness onset/duration variables or symptom variables, 

other than PANSS positive symptoms which were lower in the first-episode 

schizophrenia group (F=[2,73]=6.683, p=0.002). 

 

3.4.2 Analysis One – Main Groups 

Total area of the CC did not differ significantly between the three main groups 

(F[2,216]=1.094, p=0.337, figures 3.1 & 3.2), nor when analyses were limited to 

males and right-handers. Illness duration was not associated with area in the CSZ 
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group (r=-0.052, p=0.638). Group differences were apparent in the length 

(F[2,216]=3.844, p=0.023), curvature (F[2,216]=6.871, p=0.001) and mean width 

(F[2,216]=3.685, p=0.026) of the callosum (figure 3.1 & 3.2), with the CSZ patients 

having longer, thinner and more angulated callosa than the other two groups (p<0.05), 

which did not differ significantly from each other. 

 

   

Figure 3.1. Boxplots of mean and quartiles of callosal area and length across CSZ, FESS and 
CTL groups.  

 

   

Figure 3.2. Boxplots of mean and quartiles of callosal bending angle and mean callosal 
thickness across CSZ, FESS and CTL groups.  

 

Females across the entire sample had larger callosal area (675.94mm2) than males 

(648.76mm2), although this did not reach significance (p=0.076), and the difference 

was only significant in controls (group by gender effect, F[2,1,216]=3.328, p=0.041, 

figure 3.3). 
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Figure 3.3. Plots of callosal area according to group and gender, showing significant loss of 
gender effect on callosal area in patient groups. 

 

When comparing regional callosal thickness across groups (figure 3.4), a number of 

differences were found. Across the three main groups, significant regional differences 

were found (p<0.0001) at slices 1-5 (anterior genu) and 29-30 (isthmus) which 

remained significant when age was controlled for (p<0.05) or when males only were 

analysed (p<0.001). 

 

Figure 3.4. Profile plots of regional thickness across the callosum in CSZ, FESS and CTL 
groups from anterior to posterior. 

 

In 2-group comparisons, significantly smaller widths were seen in the CSZ group 

compared to the CTL (figure 3.5) group at slices 1-5, 11-21, and 28-30 (p=0.0005); 

and in the FESS group as a whole at slices 1-3 when compared to the CTL group 

(figure 3.6, p<0.005). Identical regional changes were seen in the male only cohort.  
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CSZ vs CTL    FESS vs CTL 

 

Figure 3.5. Callosal significance plots with regions of significant (p<0.05) regional width 
reduction in red and areas of no significant change in green. On left, CSZ vs CTL, showing 
reductions in anterior genu, posterior genu and anterior body; on right, FESS vs CTL, showing 
reductions in anterior genu only. 

 

To examine differences in CC thickness across illness stages, the two patient groups 

(FESS and CSZ) were compared. When the CSZ group was compared to the FESS 

group, the CSZ group had significantly smaller widths in slices 13-17, and 27-32 

(p<0.05, figure 3.6).  

 

   
 

Figure 3.6. Callosal significance plots, CSZ vs FESS, showing relative reductions in CSZ group 
in posterior genu and isthmus. 

 

3.4.3 Analysis Two – First Episode Sub-groups 

The three FESS subgroups did not differ significantly on measures of callosal area 

(F[1,75]=1.429, p=0.246), curvature (F[1,75=1.927, p=0.153), length (F[1,75=0.103, 

p=0.902) and mean thickness (F[1,75=1.690, p=0.192). When regional callosal 

thickness was compared between groups, there was no overall effect of group (figure 

3.7, p=0.145). When FESS subgroups were compared to the CTL group, only when 

the schizophrenia group were compared was an effect of group found (p<0.05), with 

significant reductions seen in slices 3 and 4, located in the genu of the callosum. The 

schizophreniform versus control comparison, equally well-powered, showed no 

overall effect of group (p=0.638). Interestingly, the schizoaffective disorder group 

showed a trend (p=0.079) towards a group effect with a reduction seen in slice 3, and 
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significant (p<0.05) increases seen in slices 25-27 and 36-39, when compared to the 

control group.  

 

 

 

Figure 3.7. Profile plots of regional thickness across the callosum in first-episode subgroups 
(schizophrenia, schizophreniform disorder and schizoaffective disorder) from anterior to 
posterior. 

 

 

    
FESz vs CTL    FE SaF vs CTL 

Figure 3.8. Callosal significance plots in first-episode subgroups, compared to controls. On left, 
first-episode schizophrenia showing reductions in anterior genu. On right, first episode 
schizoaffective disorder patients showing reductions in anterior genu but expansions in isthmus 
and splenium. 

 

3.4.4 Analysis Three – Age and Duration of Illness Variables 

As previous authors had found a loss of age-related expansion of callosal area in first-

episode schizophrenia sufferers  (Keshavan et al., 2002b), the relationship of age to 

callosal area was examined separately in each group (figure 3.9). In controls, the best 

curve fit for the age-area relationship was found to be quadratic (p<0.05). Using this 

model, the quadratic trajectory of callosal area (increasing into the third and fourth 

decades and then declining) was strongly present in controls (p<0.05) but lost in the 

CSZ group (p=0.91) and at trend level in the FESZ group (p=0.08), although the latter 
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group had a much narrower age range.  

 

 

Figure 3.9. Relationship between age and total callosal area in CTL, FESS and CSZ groups. 
On left, plot of CTL and CSZ groups; on right, with FESS group included as shown via scatter 
plots. Fit lines are quadratic, as across adult life, trajectories of myelination and callosal growth 
are known to be quadratic  (Bartzokis, 2004).  

 

When examining the effect of age on regional callosal thickness (figure 3.10) an 

expansion was seen in nodes 38 & 39 with age (p<0.05) in the healthy control sample, 

but not in the CSZ group. However the CSZ group showed a reduction with age in 

nodes 30-32 (p<0.01). Of note, a trend towards an effect of duration of illness was 

seen in this region, in nodes 30-31 (p=0.078). Because of the lack of variance in age, 

this was not examined in the FESS group. 

 

    
 

Figure 3.10. Relationship between age and regional callosal thickness in CTL (left) and CSZ 
(right) groups. 

 

3.4.5 Analysis Four – Medication Dosage 

Complete medication data at scanning time was available for 66/86 CSZ patients (28 

on typical, 36 on atypical and 2 on no medication), and for 72/76 FESS patients (27 

typical, 43 atypical and 2 on no medication). There was no difference in any 

demographic measure (age/gender/height/premorbid IQ) between those on typical vs 
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atypical antipsychotics, and no difference in the main callosal measures (area, length, 

curvature and thickness) across and within the CSZ and FESS groups. Removing 

patients on lithium treatment (n=3) did not affect the results. 

Medication dosage in CPZ equivalents did not affect any of the main callosal 

measures, although it negatively correlated with curvature alone (r=-0.357, p=0.007) 

in the FESS group. In the regression analysis, medication dose was not significantly 

related with regional slice thickness in the FESS or CSZ groups. 

  

3.4.6 Analysis Five – Symptoms 

In the patient group (CSZ and FESS), positive symptoms on the PANSS did not 

correlate with any callosal variable whereas negative symptoms negatively correlated 

with callosal bending angle (r=-0.215, p=0.013). In the CSZ group alone, neither 

positive nor negative symptoms correlated with any callosal variable. In the FESS 

group, a positive correlation was demonstrated between negative symptoms and 

callosal area (p=0.307, p=0.018) and mean thickness (r=0.288, p=0.027). Regression 

analysis showed no relationship between positive or negative symptoms and regional 

callosal thickness in either patient group.  

 

3.5 Discussion 

 

3.5.1 Summary of Main Findings 

We applied our method to examine the size and shape of the corpus callosum in a 

large sample of patients with schizophrenia-spectrum illness across varying illness 

stages. Additionally, this study is unique in comparing individuals at two illness 

stages (first episode and established schizophrenia) to healthy control subjects. This 

study has identified that callosal morphological changes are greatest in those patients 

with established schizophrenia. The anterior corpus callosum changes in patients with 

first-episode schizophrenia-spectrum psychosis suggest that changes seen in patients 

with established schizophrenia are present in the early stages of illness, as the 

reductions present in the genu in both patient groups were not seen in controls. These 

findings suggest that anatomical changes in the anterior callosum are present at the 

time of first episode, and further changes develop in non-genu regions with 

progression of illness. Alternatively, it may be that a subgroup of first-episode 

patients who ultimately develop chronic illness may have additional changes not seen 
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in those who do not progress. These changes appear to be independent of medication, 

and independent of positive symptoms, although negative symptoms at first-episode 

did show an unexpected positive relationship to total callosal size and mean thickness 

that was not present in established illness. 

 

3.5.2 Regional Thickness in Other Studies 

Regional callosal thickness of the CC has not been examined in other cohorts using a 

method such as the one described in this study. The most similar method of analysis 

was a study by Downhill et al comparing controls, schizophrenia sufferers and 

patients with schizotypal personality disorder  (Downhill et al., 2000), dividing the 

callosum into 30 segmental areas (not widths) based on equidistant nodes along a 

mid-callosal spline and using repeated-measures ANOVA. This study found a smaller 

area in both the genu and splenium of schizophrenia patients. The study findings in 

the genu are consistent with our findings. Their research did not assess a first-episode 

group but did include a schizotypy comparator group. Another study by Dubb et al 

used deformation morphometry, another data-rich method to define shape rather than 

size in callosa, to characterize the difference between established schizophrenia 

patients and controls, and found very similar reductions in the anterior callosum in the 

schizophrenia patients, and a similar loss of age-related expansion in the 

schizophrenia group  (Dubb et al., 2002). This study similarly did not have a first-

episode comparator group. 

 

 

 

3.5.3 Relationship Between First-Episode and Established Illness 

No previous study has examined callosal morphology using first-episode 

psychosis/schizophrenia sufferers and chronic schizophrenia patients using the same 

methodology. Both FESS and CSZ patients exhibited anterior region changes which 

suggests that a similar process may be involved in causing the regional reductions in 

the genu of the CC and indicating that anterior pathology is present at first episode of 

illness. Patients with established schizophrenia show similar reductions in the anterior 

genu (slices 2-5, carrying ventral/medial prefrontal fibres), with additional reductions 

in posterior genu/anterior body (slices 13-17, carrying cingulate, premotor and 

supplementary motor area fibres) and isthmus (slices 27-32, carrying cingulate, 
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superior temporal and posterior parietal fibres (Pandya and Seltzer, 1986a)).  

 

There are two possible explanations for these findings. Firstly, it may be that changes 

outside the anterior genu are already present in a FE subgroup who are going to 

develop chronic illness, but that these changes are ‘diluted’ out  by the FE group 

analysis. Changes in the genu that occur with or prior to first episode of psychosis 

may reflect an earlier neurodevelopmental insult present across subgroups, or changes 

that occur during first psychosis. A second possibility is that these changes represent 

illness progression, however longitudinal analysis in the same individuals is needed to 

demonstrate the presence of “neuroprogressive” change conclusively (Pantelis et al., 

2005). Examining pre-psychotic individuals who later progress to psychosis as has 

been described in other analyses (Pantelis et al., 2003b) would allow a determination 

of the timing of the onset of these changes.  

 

3.5.4 Sub-Group Analysis of First-Episode Schizophrenia 

The sub-group analysis of the FESS group identified anterior reductions in the 

schizophrenia and schizoaffective disorder groups, but not the schizophreniform 

group. Assuming that the schizophreniform group only differs from the schizophrenia 

group on duration of symptoms, this raises the possibility that the observed genual 

occur during the first psychotic episode rather than prior to it. Additionally, since only 

the schizoaffective disorder subgroup showed expansions in other callosal regions, the 

results may suggest that the affective aspect of this illness is associated with changes 

in other brain regions. We mirrored the results of Keshavan et al in showing a loss of 

the normal age-related expansion of CC area in schizophrenia (Keshavan et al., 

2002b), although this finding contrasts with that of Woodruff et al who showed a loss 

of the negative correlation between age and CC area in patients (Woodruff et al., 

1997).  

 

3.5.5 Relationship to Grey Matter Changes 

The CC is topographically organised, with anterior segments connecting anterior 

cortical regions and posterior segments connecting posterior cortical regions 

(deLaCoste et al., 1985, Pandya and Seltzer, 1986a). In Alzheimer’s disease, patients 

with dementia and in the pre-dementia phase show reductions in callosal regions 

associated with cortical hypometabolism (Teipel et al., 1999) and atrophy (Teipel et 
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al., 2003, Hampel et al., 1998a, Weis et al., 1991). It could be expected that 

alterations in cortical regions seen in schizophrenia in prefrontal, temporal and 

inferior parietal cortex (Shenton et al., 2001, Pearlson, 1997, Pantelis et al., 1992) 

would be associated with regional changes in the callosal genu, isthmus and anterior 

splenium. Shape analysis of the CC has implicated these CC regions in first-episode 

patients (DeQuardo et al., 1999, Keshavan et al., 2002b) although studies examining 

both cortical regions and callosal subregions are lacking.  

 

3.5.6 Limitations of Other Comparable Studies 

Previous studies of the CC in schizophrenia have been limited by small sample sizes. 

The mean number of subjects in a 1995 meta-anlaysis was 25 patients and 17 control 

subjects  (Woodruff et al., 1995). Many studies have not controlled for factors known 

to affect CC size and shape including gender (Steinmetz et al., 1995), handedness 

(Witelson, 1989) and age (Aboitiz et al., 1996). Additionally, as antipsychotic 

medication has been shown to produce in regional white matter volume increases and 

decreases in regional white matter volume  (Molina et al., 2005, Christensen et al., 

2004a) and may confound longitudinal studies or those that aim to compare 

individuals at different illness stages (Dorph-Petersen et al., 2005), the possible effect 

of medication is an important potential confound on CC structure, not yet examined in 

morphometry studies. Examining patients across the lifecycle of schizophrenia may 

shed light on the neurodevelopmental timing of a potential neuropathological process 

(Pantelis et al., 2005, Pantelis et al., 2003c) and may provide insights about the 

relationship of brain changes to prognosis (Velakoulis et al., 2006a, Wood et al., 

2006).  

 

3.5.7 Relationship to Microstructural Change 

Volumetric MRI analysis cannot provide information regarding the possible 

neuropathological changes underlying the observed alterations in regional size of the 

CC. A reduction in volume may represent a reduction in number of axons, size of 

axons, or a reduction in their myelin sheaths (thus increasing the density of axons). 

Aboitiz et al first demonstrated in healthy controls that variance in area was generally 

the result of alterations to number rather than density of interhemispheric fibres, but 

only those small diameter fibres that connect association cortices (Aboitiz et al., 

1992a). The regional reductions in the genu and isthmus of the CC in this study may 
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represent a decreased number of interhemispheric fibres connecting association 

cortices. Additionally, a negative correlation exists between lateralization and total 

fibre number, such that greater hemispheric asymmetry results in a reduced number of 

callosal fibres (Aboitiz et al., 1992c). The loss of female>male callosal area in 

psychotic patients in our study could suggest a reduction of gender-specific 

lateralization, consistent with studies positing a loss of asymmetry in both grey matter 

(Yucel et al., 2002a) and white matter (Kubicki et al., 2002) structures in 

schizophrenia. Fibre number also decreases with age  (Highley et al., 1999a) and age 

by gender interactions, already described for regional callosal volume, have been 

reported for fibre numbers in the CC in healthy individuals  (Aboitiz et al., 1996) and 

schizophrenia  (Highley et al., 1999a). Some evidence for an alternative explanation, 

that reduced callosal size is secondary to reduced myelination, comes from studies 

examining signal intensity in callosal white matter, one index of myelination. 

Reduced signal intensity has been shown in schizophrenia and bipolar disorder, but 

not major depression or other psychiatric disorders (Brambilla et al., 2004, Diwadkar 

et al., 2004). Thus one explanation for the findings of this study is an interaction 

between the development of psychotic illness and normal neurodevelopment on CC 

fibre number and/or myelination. 

 

3.5.8 Future Analyses 

This analysis leaves a number of unanswered questions. The first of these is whether 

callosal changes are primary or secondary to grey matter changes that have been 

reported in studies of pre- or peri-psychotic individuals (Job et al., 2006, van Haren et 

al., 2003, Pantelis et al., 2003b). A compelling body of neuroimaging evidence exists 

implicating white matter structures, including the corpus callosum, in schizophrenia  

(Walterfang et al., 2006b, Davis et al., 2003a, Kubicki et al., 2005a), but most of these 

studies have not examined related grey matter structures in unison in the way that 

studies of other neurodegenerative disorders such as Alzheimer’s disease have 

(Hampel et al., 1998a, Teipel et al., 1999, Teipel et al., 2003). Alterations in either 

compartment may produce changes in the other. For example, loss or reduction of 

cortical neurons will result in a reduced number of interhemispheric axons, whilst 

impaired myelination and thus conduction can result in changes in neuronal size and 

local connectivity  (Walterfang et al., 2006b). Additionally, it is not possible to 

comment on the diagnostic specificity of these changes, as patients with bipolar 
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disorder have also been described as showing reductions in the genu and isthmus  

(Brambilla et al., 2003c), but more work is needed, including direct comparison 

between established schizophrenia and bipolar patients using the same methodology.  

 

 

 

3.6 Conclusion 

The findings in this study suggest that the CC in schizophrenia differs significantly in 

shape from healthy individuals, and that some of these changes are present or occur 

during the first episode of psychosis. The relationship between finding of changes in 

white matter regions that connect grey matter structures previously demonstrated to 

show neuropathological and volumetric change in schizophrenia is intriguing, but 

these findings alone do not allow for the elucidation of which of these pathologies 

may be primary, or if they occur in concert. Additionally, it is not clear if these 

changes are specific to schizophrenia-spectrum illness, or whether they occur in other 

psychotic disorders (such as affective psychosis) or non-psychotic major mental 

disorders (such as bipolar disorder and depression). 
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CHAPTER 3 KEY POINTS 
 

Established schizophrenia patients show significant reductions at the level of the 

genu, connecting anterior frontal cortex, compared to controls. Additionally, 

posterior reductions are present in regions connecting temporal and cingulate 

cortices.  

 

These changes are not readily detectable when looking at major callosal metrics 

such as total area, which do not account for subtle alterations to shape that may 

reflect differential illness effects on different brain regions. 

 

First-episode schizophrenia-spectrum patients show similar reductions at the 

level of the anterior genu to established schizophrenia patients, suggesting that 

the changes that occur in schizophrenia are present at the onset of the illness. 

 

The lack of posterior changes in the first-episode group suggest that posterior 

changes in the established illness group may develop with illness progression or 

are already present at illness onset but not detected due to our group analysis 

method. 

 

The relationship between age and total callosal area appears to be lost in 

established illness, but not in the first episode group, suggesting that the normal 

developmental trajectory of the callosum is altered with established illness. That 

established illness is associated with a more angulated callosum is consistent with 

this.  

 

A loss of gender effect on overall callosal size (F>M) in the patient group 

suggests an illness by gender interaction in schizophrenia. 
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4 CORPUS CALLOSUM SHAPE IN FIRST-EPISODE 

SCHIZOPHRENIA-SPECTRUM AND AFFECTIVE 

PSYCHOSIS 
 

4.1 Introduction 

Historically, bipolar disorder and schizophrenia have been described as distinct 

diagnostic entities  (Kraepelin, 1919b), although there is considerable overlap 

between these two illnesses in symptoms, onset and prevalence  (Murray et al., 

2004b), and this may result from significant commonalities in genetic susceptibility  

(Craddock et al., 2006b). It has been suggested that these disorders lie upon a 

continuum of psychosis  (Crow, 1990, Craddock and Owen, 2005b), with 

commonalities between them resulting from their shared genetic heritage  (Craddock 

et al., 2005) and differences between them relating to a degree of genetic divergence 

or environmental factors  (Craddock and Owen, 2005b). The two disorders also 

diverge significantly with regard to neuropsychological function.  Whilst some 

qualitative similarities have been described  (Schretlen et al., 2007), the two disorders 

diverge on illness severity and outcome, with schizophrenic patients being most 

impaired  (Goldberg, 1999).  

 

Neuroimaging studies also reveal significant structural differences between 

schizophrenia and bipolar disorder. Ventricular enlargement may be a feature of both 

illnesses, but the effect of size in bipolar disorder is significantly smaller  (Elkis et al., 

1995). The disorders show significant dimorphism in medial temporal lobe volumes 

with schizophrenia patients generally showing reduced hippocampal volumes and 

bipolar patients often demonstrating increases in amygdala volumes  (Strakowski et 

al., 1999, Altshuler et al., 1998, Velakoulis et al., 2006c). It has been suggested that 

psychotic bipolar disorder is in fact genetically and structurally distinct from non-

psychotic bipolar disorder  (Glahn et al., 2006b, Potash, 2006), and that this 

presentation of bipolar disorder is more “schizophrenia-like”  (Potash, 2006). If this 

were indeed the case, then it would be expected that psychotic bipolar disorder would 

share structural brain characteristics with schizophrenia. 

 

One of the less-frequently studied brain regions in both schizophrenia and bipolar 
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disorder is the CC. Significant reductions in CC global and regional size, particularly 

in anterior zones, have been described in both schizophrenia and bipolar disorder. 

Despite similar findings in established illness  (Bachmann et al., 2003a, Goghari et 

al., 2005, Brambilla et al., 2003a, Walterfang et al., 2007) and at first-episode  

(Keshavan et al., 2002c, Atmaca et al., 2007c), only the work described in chapter 3 

has compared first-episode and established schizophrenia patients directly ,and no 

such study has been undertaken for bipolar disorder. Furthermore, no study has 

examined the structure of the CC in psychotic bipolar disorder, nor compared bipolar 

(or other affective) psychosis directly with schizophrenia subjects on regional callosal 

measures. If psychotic bipolar patients were more “schizophrenia-like”, then a 

significant homology to schizophrenia patients would be expected. Conversely, if 

findings in other brain regions are a guide, these two groups may demonstrate the 

same structural dimorphism in the corpus callosum as is seen in the medial temporal 

lobes  (Velakoulis et al., 2006c, Kasai et al., 2003), or show qualitatively but not 

quantitatively similar differences to healthy controls as seen in the ventricular system  

(Elkis et al., 1995). Also, the study of first-episode and established schizophrenia 

patients demonstrated that first-episode patients with schizoaffective disorder showed 

expansions in posterior callosal regions, in addition to anterior reductions, suggesting 

that posterior changes may occur in affective disorders and reflect a separate illness 

diathesis. 

 

 

 

4.2 Study Objectives 

We sought to compare individuals at first-episode of either schizophrenia-spectrum 

(FESS) or affective psychosis (FEAFF, including psychotic bipolar disorder or 

psychotic major depression), when symptoms are relatively undifferentiated, to 

healthy age-matched controls (CTL), using callosal morphometric analysis to detect 

subtle regional differences in size and shape. We hypothesized that: 

• FESS patients would show reductions in the anterior callosum as previously 

demonstrated, 

• FEAFF would not demonstrate anterior callosal changes, but would show 

posterior callosal changes, and 

• Changes seen posterior in the FEAFF group would be expansions rather than 
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reductions. 

 

 

 

4.3 Methods 

 
4.3.1 Subjects 

All first-episode psychosis (FEP, n=110) participants, aged between 16 and 30, were 

recruited from the ORYGEN Research Centre in Melbourne, Australia (ORC). DSM-

III-R (Association., 1987) diagnoses were based on chart review, and structured 

diagnostic interviews  (McGorry et al., 1990, First et al., 1997a). The control 

participants (CTL; n=36) were recruited by approaching ancillary hospital staff and 

through advertisements, and were matched to the patient group on age; this resulted in 

a more restricted age range than those patients in chapter 3. These subjects were 

recruited from similar socio-demographic areas as the patients. Demographic data 

were obtained on all subjects (table 4.1). Inclusion criteria for the FEP and CTL 

subjects, recruited from 1994 to 1999, have been previously described  (Velakoulis et 

al., 2006a). The first-episode group was divided into a first-episode affective (FEAFF, 

n=34) group (psychotic bipolar disorder, FEBP, n=22; psychotic major depressive 

disorder FEDEP, n=12) and a first-episode schizophrenia-spectrum (FESS, n=76) 

group (schizophrenia, FESZ, n=30; schizophreniform disorder, FESFM, n=31; 

schizoaffective disorder, FESAF,  n=15). These groups match cohort previously 

described  (Velakoulis et al., 2006a), other than the non-inclusion of patients without 

affective/schizophrenia-spectrum psychosis. Furthermore, the FESS subset of subjects 

were examined in chapter 3. 

 

Subjects were screened for co-morbid medical and psychiatric conditions by clinical 

assessment, and physical and neurological examination. Written informed consent 

was obtained from all subjects. The study was approved by the local Research and 

Ethics Committee. Exclusion criteria for patients were: a history of significant head 

injury, seizures, neurological diseases, impaired thyroid function, steroid use or DSM-

IIIR criteria of alcohol or substance dependence. Control subjects with a personal 

history of psychiatric illness or family history of psychosis were excluded. 

 



 160 

4.3.2 Magnetic resonance scanning 

All subjects were scanned on a 1.5T GE Signa MRI machine.  A three-dimensional 

volumetric spoiled gradient recalled echo in the steady state sequence generated 124 

contiguous, 1.5 mm coronal slices. Imaging parameters were: time-to-echo, 3.3 msec; 

time-to-repetition, 14.3 msec; flip angle, 30°; matrix size, 256 x 256; field of view, 24 

x 24 cm matrix; voxel dimensions, 0.938 x 0.938 x 1.5 mm. Head movement was 

minimised by foam padding and velcro straps across the forehead and chin. This 

scanner was calibrated fortnightly using the same proprietary phantom to ensure 

stability and accuracy of measurements. A numerical code was used to ensure blind 

analysis of data. 

 

4.3.3 Magnetic Resonance Imaging Analysis 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and Chapter 2. The measures included in this study were: 

• Total mid-sagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline. 

 

4.3.3 Statistical analysis 
 

• Analysis One – Comparison of main patient groups FEP and CTL.  

• Analysis Two – Comparison of first-episode psychosis subgroups (FEAFF 

and FESS) and CTL.  

• Analysis Three – Analysis of effect of age on CTL and FEP subjects (and 

FEP subgroups), and duration of illness (DOI) on FEP subjects and subgroups. 

• Analysis Four – Analysis of the relationship between medication and callosal 

measures in FEP subjects and subgroups. 

• Analysis Five – Analysis of the relationship between psychotic symptoms and 

callosal measures in FEP subjects and subgroups. 
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Analysis for between-group differences in demographic variables was undertaken with 

Chi-square analyses for gender and handedness, and one-way analysis of variance 

(ANOVA) for age in years, years of education, and premorbid IQ measured using the 

National Adult Reading Test (NART). Unitary callosal measures such as total callosal 

area, callosal length, mean callosal thickness and callosal bending angle were compared 

between groups using one-way ANOVA and t-tests where appropriate. Correlations 

between demographic and illness variables and major callosal metrics (total area, 

length, mean thickness and bending angle) were undertaken using Spearman’s rank 

correlation co-efficient. For regional callosal thickness, a non-parametric permutation 

method as described previously was used for between-group comparisons and 

regression analyses. 

 

4.4 Results 

 

4.4.1 Demographic data 

When the patient group as a whole was compared to the control group (table 4.1), no 

differences were seen in measures of age (F[1,145]=1.32, P=0.25), height 

(F[1,145]=3.43, P=0.07), gender (χ
2

=0.46, P=0.50) and handedness (χ
2

=0.89, 

P=0.66), although the patient group had a significantly lower IQ (F[1,145]=7.34, 

P=<0.01). When controls were compared against FESS and affective FEAFF groups, 

there was a significant group difference in height (F[2,145]=3.29, p<0.05) due to the 

depressed subgroup being approximately 5cm shorter than controls (p<0.05), likely 

due to the greater number of females in this group. Conversely, only the 

schizophrenia-spectrum group had a significantly lower IQ than the control group 

(p<0.01), which was restricted to the schizophrenia subgroup (p<0.05). There were no 

significant differences in gender (χ
2

=4.95, P=0.08), although there were more males 

in the control and schizophrenia-spectrum groups, while there was a close to equal 

gender balance in both the bipolar and depressed groups.  
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Subject Group Number 

 (M/F) 
Age (yrs) Height (cm) Premorbid IQ Handedness 

(R/L/M/U) 
Age of Onset 
of Psychosis 
Prior to Scan 
(Yrs) 

Duration of 
Psychosis Prior 
to Scan (Dys) 

Callosal Area 
(mm2) 

Callosal Length 
(mm) 

Callosal 
Angle 
(Degrees) 

Mean 
Callosal 
Thickness 
(mm) 

First-Episode Psychosis 110 (74/36) 21.42 (±3.32) 172.33 (±9.47) 93.66 (±13.82) 93/15/1/1 21.38 (±3.30) 54.13 (±94.84) 653.27 (±97.55) 101.44 (±7.59) 95.48 (±7.16) 7.24 (±1.51) 
Schizophrenia 30 (22/8) 21.56 (±3.82) 173.57 (±9.93) 91.61 (±16.94) 25/4/1/0 21.71 (±3.71) 90.57 (±115.90) 649.08 (±106.48) 101.57 (±7.40) 94.31 (±6.55) 7.06 (±0.91) 
Schizophreniform 31 (23/8) 20.85 (±3.31) 174.40 (±8.66) 94.98 (±9.74) 27/4/0/0 20.72 (±3.30) 42.02 (±59.80) 648.62 (±67.93) 101.35 (±7.08) 97.01 (±7.35) 7.08 (±0.69) 
Schizoaffective 15 (11/4) 20.98 (±2.97) 171.17 (±8.88) 92.24 (±14.94) 13/2/0/0 20.91 (±2.96) 60.80 (±104.95) 693.33 (±100.47) 102.35 (±6.35) 93.12 (±7.17) 7.51 (±0.97) 

 Schizophrenia 
spectrum 
psychoses 

Group 76 (56/20) 21.15 (±3.42) 173.43 (±9.18) 92.96 (±14.17) 65/10/1/0 21.12 (±3.39) 64.20 (±112.22) 657.63 (±91.82) 101.64 (±6.99) 95.18 (±7.09) 7.15 (±0.85) 
Bipolar 22 (11/11) 21.73 (±2.35) 171.31 (±10.55) 97.12 (±13.74) 17/4/0/1 21.65 (±2.36) 28.55 (±18.48) 652.17 (±103.43) 101.57 (±6.70) 96.22 (±7.08) 7.07 (±0.91) 
Major depression 12 (7/5) 22.57 (±4.12) 167.13 (±7.96) 92.22 (±11.38) 11/1/0/0 22.47 (±4.14) 38.92 (±31.96) 627.65 (±124.764) 99.99 (±12.24) 96.03 (±8.20) 8.06 (±3.89) 

Affective  
psychoses 

Group 34 (18/16) 22.03 (±3.06) 169.79 (±9.78) 95.49 (±12.97) 28/5/0/1 21.94 (±3.07) 32.21 (±24.15) 643.51 (±110.12) 101.01 (±8.89) 96.15 (±7.37) 7.42 (±2.41) 
Control Subjects 36 (22/14) 20.70 (±3.19) 175.58 (±8.09) 100.75 

(±10.33) 
31/4/1/0 N/A N/A 648.29 (±102.12) 104.13 (±19.31) 95.79 (±8.69) 7.12 (±1.08) 

 
Table 4.1. Demographic details, with data given as mean (±standard deviation). IQ = intelligence quotient. In handedness, R/L/M/U = 
right/left/mixed/unknown. 
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4.4.2 Analysis One – Main Groups 

When CTL were compared against the FEP group as a whole, no between-group 

differences were seen in callosal area (t, P=0.79), length (t=1.46, P=0.23), mean 

thickness (t=0.2, P=0.66) or bending angle (t=0.05, P=0.83), seen in figure 4.1. 

 

    

    

Figure 4.1. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across FEP and CTL groups.  

 

In contrast to the comparison between CSZ, FESZ and CTL groups in chapter 3, 

there was no significant difference in callosal area between males (654.80mm2) and 

females (653.68mm2) across the sample (p=0.946), and there was no group by gender 

effect when FEP was compared to CTL (F[1,1,145]=1.087, p=0.299) or when FESS 

and FEAFF were compared to CTL (F[2,1,145]=0.584, p=0.559). 

 

When comparing regional callosal thickness across the FEP as a whole (both FEAFF 

and FESS) and CTL groups (figure 4.2), significant differences were found from 

slices 1-4 (p<0.001, anterior genu, figure 4.3), which were reduced in the FEP group.  
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Figure 4.2. Profile plots of regional thickness across the callosum in FEP and CTL groups from 
anterior to posterior. 

 
 

   
 

Figure 4.3. Callosal significance plots, CTL vs FEP, showing significant between-group 
differences in the anterior genu. 

 

When the FESS, FEAFF and CTL groups were compared (figure 4.4), significant 

differences emerged in slices 1-5 (anterior genu) and 29-30 (isthmus), suggesting a 

difference between the FEP subgroups (figure 4.5, p<0.0001). When the FESS group 

alone was compared to controls, significant reductions were seen in slices 1-4 

(p<0.05, figure 4.5), whereas the FEAFF group showed no significant differences in 

slice width (p=0.296).  
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Figure 4.4. Profile plots of regional thickness across the callosum in FESS, FEAFF and CTL 
groups from anterior to posterior. 

 

      
 

Figure 4.5. Callosal significance plots. On left, CTL vs FESS vs FEAFF, showing significant 
between-group differences in the anterior genu and isthmus. On right, CTL vs FESS, showing 
differences in anterior genu. 

 

 

4.4.3 Analysis Two – First Episode subgroups 

Comparing FEAFF & FESS groups against CTL again showed no differences 

between groups in callosal area (F[2,145]=0.27, P=0.76), length (F=0.76, P=0.47), 

mean thickness (F[2,145]=0.53, P=0.59) or bending angle (F[2,145]=0.22, P=0.81). 

Direct comparison of FESS and FEAFF subgroups showed no difference in any of 

these major callosal metrics within either group (figure 4.6). 
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Figure 4.6. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across FESS, FEAFF and CTL groups.  

 

The subgroups of FEAFF and FESS were then compared to controls. The FEAFF 

subgroups (FEDEP and FEBP) showed no significant differences in slice width when 

compared to controls (p=0.243, figure 4.7).  

 

 

Figure 4.7. Profile plots of regional thickness across the callosum in FEBP, FEDEP and CTL 
groups from anterior to posterior. 
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However when the FESS subgroups were examined (figure 4.8), a number of 

significant differences emerged. The FESFM group showed reductions in slice 2 

compared to controls (p<0.0001), and the FESZ group showed reductions in slices 2-3 

(p<0.0001). When the FESAF group was compared to controls, reductions were again 

seen in slices 2-3, but expansions were seen in slices 24-26, in the region of the 

isthmus, and slices 37-38 in the region of the splenium (p<0.0001, figure 4.9). It 

should be noted that these findings differ from the findings in chapter 3, where a 

control group with a broader age range was included. This analysis includes more 

closely-matched controls, removing the effect of the positive correlation between age 

and callosal size. 

 

 

Figure 4.8. Profile plots of regional thickness across the callosum in FESZ, FESFM, FESAF 
and CTL groups from anterior to posterior. 

 



 168 

  
 

 
 

   

 

 

4.4.4 Analysis Three - Age and Duration of Illness Variables 

We sought to examine the relationship between age and callosal area (figure 4.10). In 

the CTL group, there was a significant relationship across the age range (r=0.359, 

p<0.05), and this was seen in the FESS group (r=0.259, p<0.05) but not in the FEAFF 

group (r=0.218, p=0.234). The difference between the correlations in the two patient 

groups was not significant (z=0.203, p=0.839). The pattern differs from that seen in 

the broader age range in the CTL and SCZ groups  (chapter 3.4.4) where expansion 

into the middle of the third decade was the norm, then reduction thereafter. In the age 

range of the first-episode groups (and their matched controls), expansion towards the 

upper end of the age range (up to 30 years) is expected. There was no significant 

relationship between duration of illness in the FESS (r=0.046, p=0.717) or FEAFF 

(r=0.059, p=0.753) groups. 

 

 

Figure 4.9. Callosal significance plots. 
On top, CTL vs FESFM, showing 
significant between-group differences in 
the anterior genu. Middle, CTL vs FESZ, 
showing differences in anterior genu. 
Bottom, CTL fs FESAF, showing 
differences in genu, isthmus and splenium. 
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Figure 4.10. Relationship between age and total callosal area in CTL, FESS and 
FEAFF groups as demonstrated by a scatterplot. Unlike scatterplot in chapter 3, 
fit lines are linear, due to the narrower age range and lack of evidence of 
quadratic trajectories of callosal development within this age range. 
 

When examining the effect of these variables on regional callosal thickness, no effect 

of duration of illness was seen (p=0.778) in the FESS group, although a significant 

effect of age was seen, across the callosum, affecting slices 6-25 and 36-39. No effect 

of illness duration (p=0.191) or age (p=0.223) were seen in the FEAFF group.  

 

4.4.5 Analysis Four – Medication Dosage 

Antipsychotic medication data at scanning time was available for 72/76 FESS patients 

(27 on typical, 39 on atypical, 4 on clozapine and 2 on no medication), and for 34/34 

FEAFF patients (11 on typical, 20 on atypical, and 3 on no medication). Full 

medication dosage information was available for 28/76 FESS patients, and 14/34 

FEAFF patients. There was no difference in any demographic measure 

(age/gender/height/premorbid IQ) between those on typical vs atypical antipsychotics, 

and no difference in the main callosal measures (area, length, curvature and thickness) 

across and within the FESS and FEAFF groups. Medication dosage in CPZ 

equivalents did not affect any of the main callosal measures. In regressing medication 

dosage against regional slice thickness, there was no relationship in the FESS 

(p=0.669) or FEAFF (p=0.858) groups. 
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4.5 Discussion 

 
4.5.1 Summary of Main Findings 

 We found subtle reductions in all first-episode schizophrenia-spectrum psychosis 

groups in the region of the genu, but found no significant differences in either 

psychotic depression or bipolar psychosis, when compared to controls. We have 

previously demonstrated reductions in the genu of the corpus callosum in first-episode 

and established schizophrenia sufferers (chapter 3), suggesting that these findings are 

related to either the development of schizophrenia, or represent the subgroup of the 

schizophrenia-spectrum group who go on to develop a chronic psychotic disorder. 

The presence of these reductions in schizophreniform disorder (where symptoms 

meeting criteria for a psychotic disorder have been present for less than six months) 

suggests that these changes are present from very early in the course of a 

schizophrenia-spectrum psychosis. That similar reductions were not found in the 

region of the genu in the first-episode affective psychosis group in this study would 

seem to confirm that these changes are relatively specific to the schizophrenia-

spectrum group of disorders, and that these groups diverge with respect to effects on 

or pathology of the corpus callosum. The lack of association of any measure with 

medication type or dosage suggests that these effects are not predominantly 

medication-driven. 

 

4.5.2 Relationship to Grey Matter Changes 

The fibres in the region identified in the callosum in this group carry ventral/medial 

prefrontal fibres  (Pandya and Seltzer, 1986a). First-episode patients in both groups 

have previously been shown to have reductions in frontal cortical regions  (Nakamura 

et al., 2007), whereas others have shown that only first-episode schizophrenia patients 

show frontal grey matter losses  (Farrow et al., 2005b). However the region of the 

genu demonstrating change in this study connects predominantly orbitomedial 

regions, whereas interhemispheric connections from other frontal regions such as the 

anterior cingulate, dorsolateral prefrontal cortex and premotor/supplementary motor 

areas travel in fibres sited more posteriorly in the genu, or in the anterior body  

(Pandya and Seltzer, 1986a). We have previously shown that orbitomedial reductions 

may develop with the transition to a first-episode psychosis, although it was not 
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possible to examine diagnostic subgroups of psychosis in that study  (Pantelis et al., 

2003a). Presuming that reductions in callosal regions may occur in intimate 

association with grey matter reductions, the data from this study suggest that these 

changes may be schizophrenia-spectrum specific, although orbitofrontal volumes 

were not measured in these patients. In a similar first-episode cohort olfactory 

identification deficits were detected  (Brewer et al., 2001), considered to reflect 

dysfunction in orbitofrontal cortex (Seidman et al., 1992), although this was present in 

both schizophrenia-spectrum and affective psychosis groups. 

 

4.5.3 Comparison of Affective and Schizophrenia-Spectrum Groups 

The lack of findings in affective psychosis patients suggests that changes seen in the 

genu in schizophrenia-spectrum groups are not generalisable to all first-episode 

psychosis patients. Additionally, it supports the notion that psychotic bipolar patients 

do not share the same structural changes in all brain regions that are affected in 

schizophrenia, in particular the anterior callosum and potentially the ventromedial 

frontal cortex. We have shown similar divergence at the level of the anterior cingulate 

cortex, with first-episode schizophrenia patients showing reductions in thickness of 

the paracingulate cortex, and (male) first-episode psychotic bipolar patients showing 

increased anterior cingulate and paracingulate cortical thickness  (Fornito et al.).  

 

Only one study has examined separate first-episode psychosis groups as in our study, 

and found no differences in measurements of total area. A shape metric that was not 

well-defined suggested that schizophrenia patients had a different shape to their 

callosum to controls, whereas affective psychosis patients did not differ  (Frumin et 

al., 2002). The nature of the analysis did not permit the localization of the region 

where the shape differed. Furthermore, this unusual shape methodology has not been 

replicated in established schizophrenia, nor in other disorders, and it remains difficult 

to reference our findings to these. Nonetheless, they provide some support that 

psychotic affective and schizophrenia-spectrum disorders differ at the level of the 

callosum. 

 

4.5.4 Schizoaffective Disorder: Two Diatheses? 

An unexpected finding was the apparent expansions in the region of the isthmus and 

splenium, whilst also demonstrating reductions in the genu, in the schizoaffective 
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disorder group. The isthmus carries cingulate, superior temporal and posterior parietal 

fibres  (Pandya and Seltzer, 1986a), whereas the splenium carries predominantly 

occipital fibres in addition to fibres from the superior parietal lobule  (Seltzer and 

Pandya, 1983). The combination of a finding divergent from the other schizophrenia-

spectrum subgroups with one that occurred across all schizophrenia-spectrum patients 

is suggestive that there may be a process common to schizophrenia-spectrum patients 

affecting frontal brain regions, which may be interacting with an additional process 

that is reflected in changes more posteriorly and may reflect an affective-specific 

change. Whilst the affective disorders group as a whole did not demonstrate 

significant changes, the mean callosal width in this group was thicker in the same 

region (figure 1). It was notable that the mean callosal thickness of the depressed 

group was significantly greater in the posterior portion of the callosum (figure 3), 

unlike the psychotic bipolar group, suggesting that it may have been the depressed 

patients responsible for this change. However the small size of the depressed group 

significantly impacts on the power to robustly detect differences using our 

methodology. 

 

4.5.5 Relationship with Age 

The age findings are notable for the apparent differential in age effects on callosal 

size and shape. Whilst age correlated positively with total callosal area in the FESS 

but not FEAFF groups, this difference in correlations was not statistically significant. 

However, the age range in the FE sample is more restricted as a whole, and the 

correlation co-efficients for both groups are similar, suggesting that this apparent 

difference is likely to be an artefact of the smaller size of the FEAFF group (n=34) 

compared to the FESS group (n=76). 

 

 

4.6 Conclusion 

 
In conclusion, this study suggests that individuals with affective psychosis do not, at 

least at first presentation, share the same differences from controls that the 

schizophrenia-spectrum sample do. This finding supports the initial Kraepelinian 

notions that schizophrenia and bipolar disorder represent different conditions  

(Kraepelin, 1919b). Moreover, there is the suggestion that schizoaffective disorder 
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differs structurally from the schizophrenia-spectrum groups that do not have an 

affective component. Two studies have examined first-episode schizophrenia-

spectrum patients in the same sub-groups as this study, although one did not report the 

number of schizoaffective patients  (Keshavan et al., 2002c), and the other only 

included 3 patients with schizoaffective disorder  (Bachmann et al., 2003a). It may be 

that what is being detected in these patients are two separate biological processes, one 

that appears shared with other schizophrenia-spectrum illness at the level of the genu, 

and another that may be shared with affective illness at the level of the posterior 

callosum. The divergence in directionality of thickness change between these patient 

groups mirrors that which has demonstrated in the cingulate region in the same cohort  

(Fornito et al., 2008a, Fornito et al., 2008c), suggesting it may not be specific to the 

anterior callosal regions and the cortical areas it inter-connects. The mechanisms for 

these posterior thickness changes are unclear, and few studies have examined how 

posterior brain changes may be related to depression, although it has been 

demonstrated that serotonin 1A receptors in depression are reduced in medial 

temporal, parietal and occipital cortex in patients with recurrent and familial mood 

disorders  (Bhagwagar et al., 2004, Drevets et al., 2000). Our findings are also 

suggestive of the notion that schizoaffective disorder, at least at first presentation, 

may not be an entirely distinct disorder from either schizophrenia or from mood 

disorders. The divergence in regional callosal pathology between schizophrenia-

spectrum and affective disorders suggests that schizoaffective disorder may represent 

a comorbidity of two vulnerabilities to affective and schizophrenia-spectrum illness – 

a possibility Kraepelin himself recognised, noting that a significant number of 

patients did not fit a dichotomous taxonomy and shared features of both disorders  

(Kraepelin, 1920). Equally, the presence of both sets of regional changes in patients 

with schizoaffective disorder could suggest that the disorder exists on a continuum 

between primary affective and psychotic disorders, consistent with Schneider’s view 

of these patients as being zwischen-fälle (“in-between”)  (Schneider, 1959). Our data 

is consistent with both of these models, which suggest that schizophrenia-spectrum 

and affective psychoses have fundamentally divergent biological mechanisms 

underpinning their effects during the first psychotic presentation. 
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CHAPTER 4 KEY POINTS 
 

Schizophrenia-spectrum patients at first episode show similar reductions at the 

level of the anterior genu to established schizophrenia patients, and this occurs 

in schizophreniform, schizophrenia and schizoaffective disorder groups. 

 

The presence of these changes in schizophreniform disorder patients suggests it 

occurs early in, or prior to, the first psychotic episode. 

 

Schizoaffective disorder patients show, in addition to reductions at the level of 

the genu, expansions in the posterior callosum.  

 

Affective psychosis patients however do not show these changes at the level of the 

genu. Non-significant expansions in the posterior callosum in psychotic 

depression patients but not bipolar patients appear similar to changes in the 

schizoaffective group, although the lack of significant findings in the small 

depressed sample limits firm conclusions. 



 175 

5 CORPUS CALLOSUM SHAPE IN INDIVIDUALS AT ULTRA-

HIGH RISK FOR PSYCHOSIS 
 

5.1 Introduction 

The identification of individuals, who later develop psychotic illness, whilst in the 

pre-psychotic phase may allow for the targeting of interventions to prevent, delay or 

attenuate the course of a psychotic disorder (Wyatt, 1991). This recognition of the 

role that early intervention may have on modifying the illness course has prompted 

the search for factors that may identify individuals who are at very high risk of 

psychotic illness (Yung et al., 1998b), enabling “indicated prevention” to be 

undertaken in this group through intervention in the pre-psychotic phase (Mrazek and 

Haggerty, 1994). In 1994, the Personal Assessment and Crisis Evaluation (PACE) 

Clinic was established in Melbourne, Australia to facilitate prospective study of the 

development of psychotic illnesses, and uses a ‘close-in strategy’ to identify 

combinations of putative state and trait risk factors that define a target population at 

‘ultra high risk’ (UHR) of an impending psychotic episode (Yung et al., 1995, 

McGorry et al., 2001b). This strategy has been shown to identify a group of young 

people with a 40% chance of developing a psychotic illness within a 12-month period 

(Yung et al., 2003a). Subjects receive an MRI brain scan at baseline and are followed 

clinically for a minimum of 1 year, and a range of neurobiological indices are 

measured at baseline and follow-up with the aim of identifying factors that predict a 

transition from the UHR phase to frank psychotic illness.  

 

Through careful follow-up of UHR individuals in the PACE cohort, factors such as 

olfactory identification (Brewer et al., 2003), verbal memory and spatial working 

memory function (Wood et al., 2003, Brewer et al., 2005), and hypothalamic-pituitary 

axis function (Thompson et al., 2007) have been shown to be at least partially 

predictive of the transition to psychosis. Additionally, a number of neuroimaging 

indices have been identified that differentiated patients in the UHR group who later 

became psychotic (UHR-P) from those who remained non-psychotic at follow-up 

(UHR-NP), including pituitary volume (Garner et al., 2005) and thickness of the 

anterior cingulate cortex (Fornito et al., In press, Fornito et al., 2007c). In a 

longitudinal neuroimaging study that followed a group of UHR individuals from the 
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prepsychotic phase, it was demonstrated that those in the UHR-P group showed right 

medial and lateral temporal, right inferior frontal, and bilateral cingulate cortex 

reductions when compared to the UHR-NP group (Pantelis et al., 2003b), and have 

also shown that accelerated grey matter loss occurs in prefrontal cortical regions from 

the prepsychotic period through the transition to psychosis (Sun et al., 2007a, Sun et 

al., 2007b).  

 

The common neuroanatomical origin of the majority of these indices, which appear to 

be strong neurocognitive and neuroimaging trait markers for the development of 

psychotic illness (Pantelis et al., 2007, Brewer et al., 2006), appears to be in the 

anterior cortex. We have recently shown that reductions in the genu of the corpus 

callosum are present in both first-episode and established schizophrenia patients 

(Walterfang et al., 2008e), which carry fibres that connect contralateral inferior 

frontal and prefrontal regions. Subtle reductions in callosal size are well-described in 

schizophrenia (Woodruff et al., 1995), although no studies have examined this 

structure in the pre-psychotic phase. Given our findings of inferior frontal reductions 

in those UHR individuals who later became psychotic compared to those who did not 

(Pantelis et al., 2003b), it is conceivable that the anterior callosal changes seen at the 

first episode of schizophrenia may be present in pre-psychotic individuals and may 

differentiate them from individuals identified in the UHR group who do not progress 

to psychosis. 

 

 

5.2 Study Objectives 

 

We sought to compare individuals at ultra-high risk for psychosis (UHR) to controls 

(CTL), and in particular to compare those who later progressed to a psychotic episode 

(UHR-P) to those who did not (UHR-NP) to determine if these groups can be 

differentiated at the level of callosal shape, and also to determine if the UHR-P group 

differed from CTL in the same regions that differed when the first-episode psychosis 

groups were compared to age-matched controls. It was hypothesized that: 

• UHR patients as a whole would not be readily differentiated from matched 

controls, although 

• UHR-P would show similar regional differences to those seen in first-episode 



 177 

patients, particularly the FESS group (from chapter 4) and FESZ group (from 

chapter 3), when compared to controls, and 

• UHR-P would show similar regional changes when compared to UHR-P 

patients. 

 

 

5.3 Methods 

 

5.3.1 Subjects 

The ultra-high risk group (N=100) was recruited from the Personal Assessment and 

Crisis Evaluation (PACE) Clinic, Melbourne, Australia (Yung et al., 2003b, McGorry 

et al., 2001a) and had not experienced a previous psychotic episode. UHR 

identification criteria have been previously described (Yung et al., 2003b) and subjects 

were included in the study if they were between the ages of 14-30, psychotropic-

naïve at study entry and had been followed up for at least 12 months in order to 

determine whether they developed a psychotic illness. Of this cohort, 27 individuals 

developed a psychotic illness (UHR-P) and 73 did not (UHR-NP) over the period of 

follow-up. Of those who later became psychotic, 17 developed a schizophrenia-

spectrum illness (UHR-SS). This UHR cohort has been previously described in other 

work (Garner et al., 2005, Velakoulis et al., 2006b). The control participants (n=38) 

were recruited by approaching ancillary hospital staff and through advertisements. 

These subjects were recruited from similar socio-demographic areas as the patients. 

Demographic data (age and gender) was obtained on all subjects, and handedness 

rated with the Edinburgh Handedness Inventory (Oldfield, 1971) (table 5.1). Pre-

morbid intelligence quotient (IQ) was rated using the National Adult Reading Test 

(NART) (Nelson and Willison, 1991). The patient group was rated on the Brief 

Psychiatric Rating Scale (BPRS)  (Lukoff et al., 1986, Overall and Gorham, 1962) 

and the Scale for the Assessment of Negative Symptoms (SANS) (Andreasen, 1983). 

 

Subjects were screened for co-morbid medical and psychiatric conditions by clinical 

assessment, and physical and neurological examination. Written informed consent 

was obtained from all subjects. The study was approved by the local Research and 

Ethics Committee. Exclusion criteria for patients were: a history of significant head 
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injury, seizures, neurological diseases, impaired thyroid function, steroid use or DSM-

IIIR criteria of alcohol or substance dependence. Control subjects with a personal 

history of psychiatric illness or family history of psychosis were excluded. 

 

5.3.2 Magnetic Resonance Scanning 

All subjects were scanned on a 1.5T GE Signa MRI machine.  A three-dimensional 

volumetric spoiled gradient recalled echo in the steady state sequence generated 124 

contiguous, 1.5 mm coronal slices. Imaging parameters were: time-to-echo, 3.3 msec; 

time-to-repetition, 14.3 msec; flip angle, 30°; matrix size, 256 x 256; field of view, 24 

x 24 cm matrix; voxel dimensions, 0.938 x 0.938 x 1.5 mm. Head movement was 

minimised by foam padding and velcro straps across the forehead and chin. This 

scanner was calibrated fortnightly using the same proprietary phantom to ensure 

stability and accuracy of measurements. A numerical code was used to ensure blind 

analysis of data. 

 

5.3.3 Magnetic Resonance Imaging Analysis 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and Chapter 2. The measures included in this study were: 

• Total midsagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline. 

 

5.3.4 Statistical Analysis 

• Analysis One – Comparison of main patient groups UHR and CTL.  

• Analysis Two – Comparison of UHR subgroups, UHR-P and UHR-NP, and 

CTL.  

• Analysis Three – Comparison of UHR-P and UHR-NP subgroups. 

• Analysis Four – Comparison of UHR-SS to UHR-NP and CTL. 

• Analysis Five – Analysis of the relationship between age and callosal 

measures. 

• Analysis Six – Analysis of the relationship between psychotic symptoms and 
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callosal measures in UHR subgroups. 

 

Analysis for between-group differences in demographic variables was undertaken with 

Chi-square analyses for gender and handedness, and t-tests for two-group 

comparisons of age in years, years of education, and premorbid IQ measured using the 

National Adult Reading Test (NART). Unitary callosal measures such as total callosal 

area, callosal length and callosal bending angle were compared between groups using 

one-way ANOVA and t-tests where appropriate. Correlations between demographic 

and illness variables major callosal metrics (total area, length, mean thickness and 

bending angle) were undertaken using Spearman’s rank correlation co-efficient. For 

regional callosal thickness, a non-parametric permutation method as described 

previously was used for between-group comparisons and regression analyses.  

 

 

 

5.4 Results 

 

5.4.1 Demographic data 

When the UHR group as a whole was compared to the control group (table 5.1), no 

differences were seen in measures of age (t=1.32, p=0.19), although the UHR group 

showed a trend to having a lower IQ (t=1.86. p=0.07). There were no differences in 

gender (χ
2

=0.03, p=0.87) and handedness (χ
2

=0.22, p=0.89). When the UHR-P and 

UHR-NP groups were compared, the only significant difference was age, with the 

UHR-P being a mean of two years younger (t=-3.13, p<0.005). 

 

5.4.2 Analysis One – Main Groups 

When controls were compared against the UHR group as a whole, no between-group 

differences were seen in callosal area (t=-0.11, p=0.91), length (t=1.34, p=0.18), 

bending angle (t=1.00, p=0.32) or mean thickness (t=-0.41, p=0.68). When gender 

was included in the analysis, there was no effect, and no group by gender interaction, 

on any of these variables. 
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Table 5.1. Demographic and main callosal data on main participant groups. In gender, M=male and F=female. In handedness, R=right, 
L=left, M=mixed, U=unknown. BPRS=Brief Psychiatric Rating Scale. SANS=Schedule for Assessment of Negative Symptoms. 

Subject Group Number 
 (M/F) 

Age (yrs) Premorbid IQ Handedness 
(R/L/M/U) 

Callosal Area 
(mm2) 

Callosal 
Length (mm) 

Callosal 
Bending Angle 
(Degrees) 

Mean Callosal 
Width (mm) 

BPRS Total 
Score 

SANS Total 
Score 

UHR Total 100 (59/41) 20.18 (3.29) 96.53 (13.57) 87/8/2/3 662.17 (94.26) 101.28 (7.03) 94.58 (6.16) 7.22 (0.90) 18.76 (6.51) 23.57 (16.44) 
UHR Psychotic 27 (18/9) 18.72 (2.60) 94.17 (13.52) 24/2/0/1 648.06 (107.02) 100.53 (6.75) 93.92 (6.89) 7.13 (0.94) 19.16 (6.02) 28.89 (16.52) 
UHR Non-psychotic 73 (41/32) 20.72 (3.37) 97.25 (13.77) 63/6/2/2 667.39 (89.32) 101.56 (7.15) 94.82 (5.90) 7.25 (0.89) 18.61 (6.74) 21.51 (16.11) 
Control Subjects 38 (23/15) 21.02 (3.40) 101.77 (10.66) 33/4/1/0 656.26 (97.16) 104.45 (16.12) 95.07 (7.80) 7.14 (1.14) N/A N/A 
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Figure 5.1. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across UHR and CTL groups.  

 

Mean regional callosal thicknesses of the three main groups (controls, UHR-P and 

UHR-NP) is shown in figure 5.2. When the UHR group was compared as a whole to 

controls, no significant group differences were seen, although a trend was seen to a 

reduction in the UHR group in nodes 1-4 (p=0.075). 
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Figure 5.2. Profile plots of regional thickness across the callosum in UHR and CTL groups 
from anterior to posterior. 

 
 
 

5.4.3 Analysis Two – UHR Subgroups Compared to Controls 

When the UHR-NP group was compared to CTL, no between-group differences were 

seen in callosal area (t=--0.35, p=0.71), length (t=1.07, p=0.29), bending angle 

(t=0.78, p=0.44) or mean thickness (t=-0.57, p=0.57). Similarly, when the UHR-P 

group was compared to CTL, no between-group differences were seen in callosal area 

(t=-0.43, p=0.67), length (t=0.97, p=0.34), bending angle (t=1.00, p=0.32) or mean 

thickness (t=-0.08, p=0.94). When gender was included in the analysis, there was no 

effect, and no group by gender interaction, on any of these variables. 

 

Mean callosal thicknesses of the three main groups (CTL, UHR-P and UHR-NP) is 

shown in figure 5.3. When the UHR-P group was compared to controls, significant 

reductions were seen in slices 1-3, again in the anterior genu, and slice 15, in the 

posterior genu (p<0.05, figure 5.4). It can be seen that the majority of the difference 

in mean slice width at the level of the genu seen in figure 5.2 comes from the UHR-P 

group. 

 



 183 

 

Figure 5.3. Profile plots of regional thickness across the callosum in UHR-P, UHR-NP and 
CTL groups from anterior to posterior. 

 

   
 

Figure 5.4. Callosal significance plot, showing areas of significant reduction in the UHR-P 
group compared to CTL. 

 

5.4.4 Analysis Three – Direct Comparison of UHR Subgroups 

UHR-P and UHR-NP groups did not differ on measures of callosal area (t=-0.91, 

p=0.37), length (t=-0.64, p=0.52), mean thickness (t=-0.66, p=0.51) or bending angle 

(t=-0.65, p=0.52). When gender was included in the analysis, there was no effect, and 

no group by gender interaction, on any of these variables. 

 

When the UHR-P and UHR-NP groups were compared on measures of regional 

thickness (covarying for age), the UHR-P showed significantly smaller anterior 

callosal thicknesses in slices 1-4, in the anterior genu (p<0.05, figure 5.5). Although 

in the latter analysis differences were not significant at slice 15, the effect size was 

identical at this slice in each analysis (Cohen’s d=0.46 and 0.47 respectively), 

suggesting that this is related to reduced sample size and power in the latter analysis. 
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Figure 5.5. Callosal significance plot, showing significant differences in UHR-P group 
compared to UHR-NP group. 

 

5.4.5 Analysis Four – Analysis of UHR-SS Group 

When the UHR-P group was restricted to those who developed a schizophrenia-

spectrum illness (UHR-SS) and compared to CTL, no between-group differences 

were seen in callosal area (t=0.58, p=0.56), length (t=1.05, p=0.30), bending angle 

(t=0.29, p=0.77) or mean thickness (t=0.01, p=0.99). Similarly, no differences 

between UHR-SS and CTL were found on measures of callosal area (t=-1.04, 

p=0.33), length (t=-1.021, p=0.23), bending angle (t=0.23, p=0.82) or mean thickness 

(t=-0.48, p=0.64). 

 

When UHR-SS was compared to CTL (figure 5.6), reductions were seen at slice 1 

(p<0.01, figure 5.7), and when compared to the UHR-NP group, significant 

reductions were present at the same slice (p<0.01). Although the significance in this 

restricted analysis was not seen in slices 2-4, in all UHR-P/UHR-Scz vs UHR-

NP/control analyses, effect size was between 0.55-0.75 for slices 1-4 in all analyses, 

suggesting the reduced number of the UHR-SS cohort may have reduced the power to 

detect changes in nodes 2-4. 
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Figure 5.6. Profile plots of regional thickness across the callosum in UHR-SS group compared 
to the UHR-NP and CTL groups from anterior to posterior. 

 

   
 

Figure 5.7. Callosal significance plot, showing significant differences at genu slice 1 in UHR-SS 
group when compared to both CTL and UHR-NP. 
 

5.4.6 Effect of Age on Callosal Variables 

There were significant positive correlations between age and total callosal area in the 

control group (r=0.41, p<0.05) and mean thickness (r=0.44, p<0.005), but no 

significant correlations existed with length or bending angle. There was no significant 

correlation between age and total area in the UHR group as a whole (r=0.11, p=0.28), 

although the difference between the correlations was close to trend level, it was not 

significant (z=1.64, p=0.10, figure 5.8). There was a trend to a significant relationship 

between age and mean thickness (r=0.19, p=0.06), which again did not differ from the 

relationship in the UHR group (z=1.44, p=0.15). Then the UHR group was separated 

into UHR-P and UHR-NP groups, in neither group was the relationship between age 

and total area or mean thickness significant. 
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Figure 5.8. Relationship between age and total callosal area in CTL, UHR and 
UHR subgroups as demonstrated via scatter plots. As in chapter 4, fit lines are 
linear due to the narrow age range and lack of evidence of quadratic trajectories 
of growth in this age group. 

 

Because of the small but significant group differences in age, a regression analysis 

was used to determine the effect of age on regional thickness in each group. In 

controls, age was positively correlated with thickness at slices 7-9 and 30-36 at the 

p<0.05 level. In the UHR-P group, a similar positive effect was seen at slices 5-8 and 

35-37, and in the UHR-NP group, slices 5-9 and 34-38. These changes, in the mid-

genu and splenium, generally excluded the area of between-group difference in genu 

thickness, suggesting these changes were not due to age alone. 
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When the effect of symptom variables on regional callosal thickness was examined 

using multiple regression, there was no relationship between BPRS and thickness in 

the UHR-P (p=0.34) or UHR-NP (p=0.33) groups, and no relationship between SANS 

and thickness in the UHR-P (p=0.28) or UHR-NP (p=0.74) groups. 

 

 

5.5 Discussion 

 

5.5.1 Summary of Main Findings 

In this study of pre-psychotic individuals at ultra-high risk for developing psychosis, 

reductions were found in the thickness of the genu of the corpus callosum in those 

subjects who later developed a first-episode psychosis (FEP) when compared to 

clinically similar subjects who did not, and when compared to controls. This 

relationship held when the analysis was confined to individuals who later developed a 

schizophrenia-spectrum illness. Additionally, pre-psychotic individuals also showed 

reductions in the posterior genu when compared to controls.   

 

Figure 5.9. Callosal significance plots for 
effect of age on study groups. On top, in 
CTL group, showing effect at level of 
anterior genu and isthmus. Middle, in 
UHR-NP group, showing effect in anterior 
callosum and splenium. Bottom, in UHR-P 
group, showing effect in anterior callosum 
and splenium.  
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5.5.2 Timing of Callosal Changes 

Our cross sectional study design does not allow us to define the timing of the callosal 

changes. Thus, our findings could be explained by early neurodevelopmental insults 

on the callosum. The callosum develops relatively late during gestation compared to 

other structures, with the body appearing at 12 weeks and the genu at approximately 

16 weeks  (Kier and Truwit, 1996). Intrauterine brain insults occurring at the 

beginning of the second trimester could lead to impaired callosal development with 

sparing of the callosal body and regional genu thinning.  A significant body of 

evidence suggests that neurodevelopmental insults in the second trimester of 

pregnancy may explain some later structural abnormalities in those developing 

schizophrenia  (Marenco and Weinberger, 2000, Avila et al., 2003). This association 

is perhaps strongest for maternal influenza infection  (Brown et al., 2000, Brown et 

al., 2004, Limosin et al., 2003, Shi et al., 2003). Recent animal research has shown 

that mid-pregnancy sub-lethal infection with human influenza virus results in 

significant alterations in expression of axon guidance genes and white matter 

development  (Fatemi et al., 2008, Fatemi et al., 2005), and adolescent offspring 

demonstrate enlarged ventricular volumes, reduced brain volume and thinning of the 

corpus callosum  (Fatemi et al., 2008). These animal studies suggest that prenatal 

insults such as influenza may interrupt crucial early callosal development, including 

axonal guidance across the midline, and/or myelination to result in callosal thinning. 

 

Alternatively, it is possible that the observed callosal reductions are the result of 

postnatal rather than prenatal neurodevelopmental disturbance. Job et al showed that 

progressive reductions in prepsychotic high-risk individuals occur for up to three 

years prior to the onset of frank psychosis  (Job et al., 2005), suggesting that some of 

the findings in the prepsychotic group may represent a progressive process occurring 

in the adolescent neurodevelopmental phase. Our findings suggestive of a loss of the 

relationship between age and overall callosal size/thickness in the UHR group 

suggests that an interaction between adolescent neurodevelopment and illness process 

is occurring at this age, prior to the onset of frank illness.  

 

As described in chapter 1, neuroimaging and post-mortem analyses have shown that 

white matter continues to develop throughout this period, particularly in cortical 

regions such as the frontal lobes, where white matter volume increases as grey matter 
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volume decreases  (Sowell et al., 1999). The callosum increases in the mid-sagittal 

area into the third decade  (Pujol et al., 1993, Giedd et al., 1999a), with increased size 

being predominantly due to increased myelination rather than axonal size  (Aboitiz et 

al., 1992b, LaMantia and Rakic, 1992), with the genu maturing later than the 

splenium  (Lebel et al., 2008, Thompson et al., 2000).  If these developmental 

trajectories are altered or interrupted, altered adolescent and early adult myelination 

profiles of the callosum may be the result, which may be manifest as subtle regional 

changes in anterior callosal thickness.  

 

5.5.3 Relationship to Findings in Later Illness Stages 

Examining patients at different illness stages can provide clues as to the timing of 

structural changes. As demonstrated in chapters 3 & 4, thickness reductions in the 

ventral genu are present in both first-episode schizophrenia-spectrum psychosis and 

established schizophrenia, and that these reductions are not seen in first-episode 

affective psychosis. Additional reductions in the posterior genu/anterior midbody and 

isthmus were seen in subjects with established illness, suggestive of progressive 

change with ongoing illness, although this may also represent a subset of the first-

episode sample that go on to develop a more chronic condition  (Walterfang et al., 

2008a). The fact that posterior genu reductions were found in prepsychotic 

individuals is consistent with the hypotheses that either progressive extragenual 

changes occur in established illness, or that extragenual changes may be a marker for 

a more severe or chronic illness course. Longitudinal studies of pre-psychotic 

individuals are needed to assess these possibilities.  

 

While there are no current longitudinal studies of callosal thickness to help clarify 

many of the issues raised above, recent studies have examined longitudinal brain 

changes across the whole brain using a voxel based approach. Using this approach in 

the ultra high risk group prepsychotic frontotemporal grey matter reductions have 

previously been demonstrated  (Pantelis et al., 2003b) and, more recently, 

prepsychotic white matter expansions in frontotemporal and frontoparietal association 

tracts bilaterally, suggesting that reductions in grey matter structures are not merely 

mirrored by reductions in white matter. More recent developments in voxel-based 

approaches in white matter that examine structural integrity as opposed to volume, 

and that account for the inter-individual variability of white matter tracts, suggest that 
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volumetric reductions in grey matter are accompanied by reductions in anatomically 

associated white matter tracts  (Douaud et al., 2007). However, the nature, degree or 

directionality of causality cannot yet be inferred from these studies or their results.  

 

5.5.4 Relationship to Myelination and Fibre Density 

The current study describes structural changes in the callosum but does not allow us 

to specifically define the cause of these changes.  Reductions in thickness of the genu 

may represent a reduction in the degree of myelination of axons or reduced axonal 

size (which would increase axonal fibre density independent of axonal number), a 

reduced number of axons in the genu (which itself would not alter fibre density), or a 

combination of both. Previous reports of abnormalities of T2 relaxation time and n-

acetylaspartate concentration in the genu in schizophrenia  (Flynn et al., 2003b, Aydin 

et al., 2007b) provide some support for a reduction in myelination. Post-mortem 

studies have tended to find no difference in fibre number or density between 

schizophrenia patients and controls  (Casanova et al., 1990a, Machiyama et al., 1987, 

Nasrallah et al., 1983b), although more recent work has found a reversal of the usual 

female>male difference in fibre density across the callosum in schizophrenia patients, 

and a reduction in fibre number in females rather than males  (Highley et al., 1999b). 

However, group by gender interactions with regards to callosal structure were unable 

to be demonstrated in our sample. 

 

5.5.5 Findings In Other Cohorts 

Whilst no other study has specifically examined callosal morphology in UHR 

individuals, our study is not the only study to compare white matter indices in this 

group. We have also shown in a VBM study of 75 UHR individuals that the that 

UHR-P group show greater white matter volume in the left frontal lobe in the 

prepsychotic state compared to the UHR-NP group, but then develop longitudinal 

reductions in the left fronto-occipital fasciculus with transition to psychosis that do 

not occur in UHR-NP individuals over time  (Walterfang et al., 2008a). Bloemen et 

al, examining 37 UHR individuals over two years of follow-up (with 10 transitioning 

to psychosis) using diffusion-tensor imaging demonstrated that UHR-P individuals 

showed reductions of fractional anisotropy (FA) in medial frontal white matter 

regions compared to controls, and in subcortical and left temporal regions compared 

to UHR-NP individuals  (Bloemen et al., 2009). In a study of 36 UHR individuals 
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followed-up over 15 months, Karlsgodt et al showed that FA in the superior 

longitudinal fasciculus was lower in the UHR group as a whole, although they did not 

analyse those who transitioned to psychosis  (Karlsgodt et al., 2009). These findings, 

in combination with ours, suggest that there are white matter changes at both 

microstructural and macrostructural levels that occur in the prepsychotic state in UHR 

individuals. Whether these changes have predictive validity in the UHR group is 

addressed in chapter 8. 

 

 

5.6 Conclusion 

In conclusion, our results identified prepsychotic reductions in thickness of the genu 

of the corpus callosum that are consistent with reductions seen in first-episode 

schizophrenia-spectrum (but not affective) psychosis and established schizophrenia.  

This suggests that these changes are present prior to the onset of frank psychotic 

illness and may be markers for neurodevelopmental insult to anterior brain regions. 

Additionally, measures of thickness of the genu may increase our ability to predict 

which individuals identified as being prodromal or at ultra-high risk for the 

development of psychosis will develop a psychotic episode – particularly when 

combined with other neuroimaging measures such as pituitary volume or thickness of 

the cingulate cortex. Enhancing our capacity to detect individuals who will later 

develop psychosis may allow us to target future interventions appropriately to this 

critical phase of illness, and modify the illness course of psychotic disorders. 
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CHAPTER 5 KEY POINTS 
 
When examining major callosal metrics, patients at high risk for psychosis do 

not show any differences compared to controls. When those who later developed 

psychosis were compared to those who did not, and individually compared to 

controls, again there were no difference on major callosal metrics. 

 

The correlation between age and total callosal area, and mean callosal thickness, 

did appear to differ between the groups, with the positive correlation seen in 

healthy controls absent in both UHR-P and UHR-NP groups. 

 

When regional callosal thickness was measured, the same anterior genu 

reductions seen in first-episode schizophrenia-spectrum illness and established 

schizophrenia were seen in pre-psychotic individuals, but not in those deemed to 

be at high-risk who did not later progress to psychotic illness. When this group 

was confined to those pre-psychotic individuals who later developed a 

schizophrenia-spectrum illness, findings were essentially similar. 

 

No relationship between symptom measures and callosal variables measures was 

seen at any level, suggesting that external symptoms may not accurately reflect 

underlying neurobiological processes. 

 

These findings suggest that the findings seen at the level of the anterior callosum 

are present at the first episode of schizophrenic illness, and are present with 

established illness, are present at a pre-psychotic stage. This may reflect early-life 

neurodevelopmental changes, or an interaction between illness and adolescent 

neurodevelopment in the pre-psychotic period. 
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SECTION III 
 

 

COMPARISON WITH CORPUS 

CALLOSUM MORPHOLOGY 

CHANGES IN BIPOLAR DISORDER 

AND MAJOR DEPRESSION 
 

 

With a name like yours you might be any 
shape, almost. 

 

-Dodgson, Through the Looking Glass 
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6 CORPUS CALLOSUM SHAPE IN INDIVIDUALS WITH 

ESTABLISHED BIPOLAR AFFECTIVE DISORDER 
 

6.1 Introduction 

 

In chapters 3-5 findings were demonstrated in schizophrenia-spectrum illness across 

all illness phases in callosal shape and structure. The corpus callosum is a brain region 

of great relevance to neuropsychiatric disorders beyond schizophrenia, as its 

maturation through the second and third decades (Pujol et al., 1993) coincides with 

the onset of most major psychiatric illnesses, including mood disorders such as major 

depressive disorder and bipolar affective disorder. The role of increased inter-

hemispheric connectivity mediated by the corpus callosum during this period is to 

allow for high-level integration of specialised cortical regions in each hemisphere, 

and the rapid and efficient transfer of information across the callosum plays an 

important role in attention, language and memory (Clarke and Zaidel, 1994). 

Impairments to these functions are frequently present at the onset of major mental 

disorders such as bipolar disorder, and impaired efficiency of information transfer 

between hemispheres has been suggested to underlie cognitive impairment in bipolar 

patients (Soares and Mann, 1997b). As efficiency of information transfer as measured 

by inter-hemispheric transfer time (IHTT) is positively correlated to measures of 

macrostructural and microstructural integrity of the callosum  (Schulte et al., 2005), 

alterations in the integrity of the corpus callosum may index cognitive and other 

changes in bipolar illness. Additionally, the intimate association between 

morphological changes in the callosum and cortical regions would predict that 

changes seen in grey matter regions in bipolar patients may be reflected in 

morphological changes to the corpus callosum.  

 

Early studies of the structure of the CC in bipolar disorder using measures of overall 

callosal size produced conflicting results (Hauser et al., 1989, Coffman et al., 1990), 

although more recent analyses that have divided the callosum into anatomically 

meaningful regions have suggested subtle regional reductions in both anterior and 

posterior callosal regions in both first-episode and established adult patients 

(Brambilla et al., 2003b, Atmaca et al., 2007a), although not in paediatric patients 
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(Yasar et al., 2006) (. Reductions in callosal signal intensity on T1-weighted images, a 

sensitive index of myelination, has also been reported in the same regions in adult 

bipolar patients (Brambilla et al., 2004) and reduced callosal length in BD was 

reported in a single study in the absence of other changes (Hauser et al., 1989). Two 

recent meta-analyses of published studies of mid-sagittal callosal area in bipolar 

disorder demonstrated a significant reduction in BD patients compared to controls, 

with an effect size of diagnosis of 0.52  (Arnone et al., 2008a) and 0.43  (Kempton et 

al., 2008), suggesting that widespread disruptions to connectivity affecting the 

callosum may relate to or reflect the functional impairments in prefrontal and 

cingulate cortex, the hippocampus and amygdala seen in BD  (Soares and Mann, 

1997b). As the callosum is topographically organized, a differential effect on callosal 

shape may be seen in areas connecting brain regions that are disproportionately 

functionally affected. Regional reductions in size and signal intensity have been 

shown in anterior and posterior callosal regions in both first-episode and established 

adult BD in a range of studies  (Atmaca et al., 2007b, Brambilla et al., 2003b, 

Brambilla et al., 2004).  

 

Given that the CC carries hundreds of millions of myelinated axons connecting 

homotopic cortical regions, it is possible that relatively crude analyses that do not 

look for subtle regional changes in this illness may fail to detect true differences, 

which may be lost when more global measures are examined. Additionally, previous 

studies have tended to examine only a limited number of callosal variables, with most 

focusing on global and regional area alone and few studies have examined other 

callosal variables such as length, curvature or shape in bipolar patients. Furthermore, 

no other studies have examined regional thickness measures of the CC in bipolar 

disorder. As abnormalities of regional thickness have been described in a number of 

major mental disorders including schizophrenia, examining this aspect of the CC in 

bipolar disorder patients would seem warranted to detect subtle regional changes. No 

previous study has examined the role of psychosis, which could be seen to be a 

potentially significant modifier of brain structure if psychotic bipolar disorder is, as 

has been suggested, more similar to schizophrenia than non-psychotic bipolar illness 

(Glahn et al., 2006a). Finally, bipolar patients with a family history of affective illness 

may show more significant changes in prefrontal cortical volumes (Sharma et al., 

2003), and it could be expected that these changes may be intimately associated with 
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interhemispheric fibres that connect these regions in the callosum. 

 

To address this, two different datasets were utilized that allowed us to probe this 

question directly. The first dataset included a sample (n=48) of established bipolar 

disorder patients and matched controls (study 1), with data on the presence or 

absence of psychosis and family history.  The second dataset, included a larger 

sample (n= 170) that included first-degree relatives of the patients, data on family 

history, and extensive treatment data that allowed us to probe the effect of anti-manic 

medication (study 2). 

 

 

6.2 Study 1: Objectives 

The aim of the first study was to examine regional callosal thickness in addition to 

measures of callosal size and shape to detect the presence of subtle regional 

differences in the structure of the CC in a group of patients with bipolar disorder (BD) 

compared to matched controls (CTL). We also sought to compare those patients with 

and without psychosis, and those with and without a family history of mood 

disorders, in addition to examining the effect of duration of illness. It was 

hypothesised that: 

• BD patients would show thickness reductions in anterior and posterior 

callosal regions corresponding to the region of the genu and isthmus as per 

previous work 

• Psychotic patients would differ from non-psychotic BD patients, particularly 

in the genu and isthmus, regions shown in chapters 3-5 to be significantly 

reduced in schizophrenia, and 

• BD patients with a positive family history would differ from those without in 

anterior regions connecting prefrontal cortical regions. 

 

 

6.3 Study 1: Methods 

 

6.3.1 Subjects 

The sample comprised 24 patients with DSM-IV bipolar I disorder (BD) and 24 

matched healthy controls (CTL). Patients were recruited from a specialist mood 
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disorders clinic in Sydney, Australia. Diagnoses were made by a research psychiatrist 

(GM) using the Structured Clinical Interview for DSM-IV (SCID-IV-P), 

supplemented by case note review. Patients who had at least one first-degree relative 

with an affective disorder were defined as having a positive family history. Subjects 

were defined as having BD with a history of psychosis (BD-P) if hallucinations and/or 

delusions had occurred during at least one affective episode. Controls were recruited 

via advertisement and matched for age and education. They were screened for a 

personal and family history of psychiatric or neurological disorder using the SCIP-

NP. Participants were excluded if they had a history of ongoing substance misuse, 

neurological disease or, in patients, a co-morbid Axis I or II DSM-IV diagnosis 

requiring treatment.  

 

Three patients had a family history of bipolar disorder, two had a family history of 

both bipolar disorder and unipolar depression, and five had a family history of 

unipolar depression only. Eleven patients had no family history of affective illness, 

and three had an unknown family illness history. Eight patients were taking lithium at 

the time of scanning, six were taking valproate, and four were taking a combination of 

both. One was taking valproate and carbamazepine and one was taking 

carbamazepine alone, while four patients were medication free at the time of 

scanning. All patients had previously been exposed to antipsychotic medication, 

although none within twelve months of entering the study. All participants provided 

written, informed consent prior to participating and the study was approved by the 

local Hospital and University ethics committees. 

 

6.3.2 Magnetic Resonance Scanning Acquisition and Analysis 

Scans were acquired on a 1.5 T GE Signa scanner. A three-dimensional volumetric 

spoiled gradient recalled echo in the steady state sequence (SPGR) protocol was used. 

Imaging parameters were: Echo Time (TE), 5.3 ms; Repetition Time (TR), 12.2 ms; 

field of view, 24.9 cm; voxel dimensions, 0.977x0.977x1.6 mm thick coronal slices. 

Head movement was minimised by foam padding and velcro straps across the 

forehead and chin. All MRI data were transferred from CD to a Linux workstation and 

coded to ensure participants confidentiality and blinded image processing and 

assessment. 
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6.3.3 Magnetic Resonance Imaging Analysis 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and chapter 2. The measures included in this study were: 

• Total midsagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline. 

 

6.3.4 Statistical Analysis 

• Analysis One – Comparison of BD and CTL groups. 

• Analysis Two – Comparison of psychotic (BD-P) and non-psychotic (BD-

NP) groups.  

• Analysis Three – Comparison of BD groups with (BD-FH) and without 

(BD-NFH) groups. 

• Analysis Four – Examination of effect of age and illness variables on callosal 

size and shape. 

 

 
Analysis for between-group differences in demographic variables was undertaken with 

independent t-tests for age in years, years of education, and premorbid IQ measured 

using the National Adult Reading Test (NART). Unitary callosal measures such as 

total callosal area, callosal length, mean callosal thickness and callosal bending angle 

were compared between groups using t-tests. For regional callosal thickness, a non-

parametric permutation method of 20,000 randomisations was used for all group 

comparisons to examine for an effect of group, to account for non-independence 

between adjacent thickness measurements and for multiple comparisons (Holmes et 

al., 1996). Step-down t-testing to determine which regions showed significant change 

was planned to localise between-group differences in regional callosal thickness. Non-

parametric regression analyses using multiple dependent variables were undertaken to 
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determine the effect of duration of illness on regional thickness. Statistical inference 

was based on the method of Holm  (Holm, 1979).  

6.4 Study 1: Results 

 

6.4.1 Demographic and Illness Data 

Demographic data are presented in table 6.1. There were no statistically significant 

differences between the BD and CTL groups in gender balance, age (t=-0.03, p=0.98), 

IQ (t=-0.55, p=0.58) and years of education (t=0.13, p=0.90). Mean illness duration 

was 14.25±10.16 years with a comparable mean number of manic (9.29±10.44) and 

depressive (11.62±10.04) episodes per patient. 

 

6.4.2 Analysis One – Comparison of BD and CTL 

When callosal variables were compared, the BD group’s mean callosal area was 5% 

lower than CTL, although this was not significant (t=1.61, p=0.11). Mean callosal 

thickness was however significantly less in the BD group (t=2.29, p<0.05). Length of 

the mid-callosal spline did not differ between the groups (t=-0.94, p=0.35), and there 

were no differences in mean curvature (t=0.47, p=0.64). 
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Table 6.1. Demographic and callosal details. IQ = intelligence quotient.  

Subject Group 
  

Number (M/F) Age (Yrs) NART IQ Education 
(yrs) 

Illness 
Duration 
(yrs) 

Manic 
Episodes 

Depressive 
Episodes 

Callosal Area 
(mm2) 

Callosal 
Length 
(mm) 

Callosal 
Bending Angle 
(radians) 

Mean callosal 
thickness (mm) 

Lithium dosage 
(mg, n) 

Valproate dosage 
(mg, n) 

BD-P 12 (2/10) 38.25±11.39 113.08±7.94 14.25±2.99 14.25±9.69 9.67±9.13 11.83±13.74 678.44±133.80 105.58±14.55 1.61±0.26 6.79±0.71 1028.57±239.54 (7) 1391.43±746.42 
(7) 

BD-NP 10 (3/7) 40.50±10.19 114.40±7.32 15.25±2.57 16.00±10.33 9.60±13.00 11.50±7.89 637.85±101.39 103.17±6.08 1.68±0.08 6.59±0.93 900±164.89 (5) 1333.33±288.68 
(3) 

BD-FH 10 (3/7) 36.70±10.49 112.60±8.07 15.55±2.63 12.60±7.03 9.80±12.04 10.70±8.33 687.93±90.51 106.09±6.40 1.65±0.11 6.89±1.01 1045.83±208.82 (6) 1132±715.87 (5) 

BD-
NFH 

10 (1/9) 40.80±10.23 113.80±7.74 13.80±2.94 17.80±12.27 10.40±10.81 13.70±14.34 595.78±67.61 99.49±7.03 1.71±0.12 6.38±0.51 935±220.21 (5) 1450±331.66 (4) 

Bipolar 
Disorder 

Total 24 (7/17) 39.46±10.45 113.96±7.24 14.74±2.93 14.25±10.16 9.29±10.44 11.62±10.04 624.84±81.75 100.94±6.65 1.66±0.20 6.58±0.81 975±213 (12) 1374±625 

Controls 24 (7/17) 38.67±11.07 115.08±9.59 15.58±2.10    676.83±132.41 99.19±6.08 1.72±0.09 7.24±1.13   
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Figure 6.1. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across BD and CTL groups.  

 

When regional callosal thickness was analysed (figure 6.2), an overall effect of group 

was found with the bipolar group demonstrating a significantly thinner callosum in all 

regions (p<0.05), mirroring the changes seen in mean callosal thickness.  
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Figure 6.2. Profile plots of regional thickness across the callosum in BD and CTL groups from 
anterior to posterior. 

 

When localising shape differences beyond the global group effect, significant 

reductions were found in the bipolar group in nodes 38 & 39 in the splenium, each 

significant at the p<0.05 level (figure 6.3). 

 

 
 

Figure 6.3. Callosal significance plots, CTL vs BD, showing significant between-group 
differences in the posterior genu. 

 

6.4.3 Analysis Two – Comparison of Psychotic and Non-Psychotic BD 

When known BD-P (n=10) and BD-NP (n=11) bipolar patients were compared, there 

were no differences on measures of total area (t=-0.32, p=0.75), length (t=3.67, 

p=0.72), mean thickness (t=-0.41, p=0.69) or curvature (t=0.43, p=0.67, figure 6.4).  
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Figure 6.4. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across BD-NP and BD-P groups.  

 

When regional thickness was analysed between the BD-P and BD-NP groups (figure 

6.5), there were no between-group differences in regional thickness (p=0.55).  

 

 

Figure 6.5. Profile plots of regional thickness across the callosum in BD-P and BD-NP groups 
from anterior to posterior. 
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6.4.4 Analysis Three – Comparison of Patients With & Without Family History 

Compared to patients with no affected family members (n=10), patients with a family 

history (n=10) demonstrated a significantly larger total area (t=-2.52, p<0.05) and a 

trend towards a longer callosum (t=-1.74, p=0.09) but no difference in curvature 

(t=1.01, p=0.33) or mean thickness (t=-1.43, p=0.17, figure 6.6). 

 

   

   

Figure 6.6. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across BD-FH and BD-NFH groups. Callosal area was significantly larger in the group 
with a family history of affective illness (top left) and length showed a trend to being longer in 
this same group (top right). * = significant between-group differences. 

 

When regional thickness was examined, there was no significant difference between 

the BD-FH and BD-NFH groups (p=0.37, figure 6.7). 
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Figure 6.7. Profile plots of regional thickness across the callosum in BD-FH and BD-NFH 
groups from  anterior to posterior. 
 

6.4.5 Analysis Four – Effect of Age and Illness Variables on Callosal Size/Shape 

Duration of illness, dosage of lithium or valproate, or number of past manic or 

depressive episodes did not significantly correlate with any main callosal measure. 

Duration of illness was not predictive of regional callosal thickness (p=0.11).  

 
 
To examine the effect of age, a curve was fitted using a quadratic model as described 

in chapter 3 for the comparison between CSZ and CTL.  In contrast to our previous 

findings, no relationship was found in this control sample (with little evidence of the 

expected increase in mid-sagittal area in the third and fourth decades) (p>0.50). 

Notably however, the BD group did demonstrate a significant relationship between 

age and callosal area, with a reduction apparent into the third and fourth decades 

(p<0.01,figure 6.8).  
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Figure 6.8. Relationship between age and total callosal area in CTL and BD groups. 

 

A similar relationship was found in mean thickness, with no relationship seen in the 

CTL group (p>0.80), but a similar relationship to that seen with callosal area in the 

BD group (p<0.01, figure 6.9). 

 

 
 

Figure 6.9. Relationship between age and total mean callosal thickness in CTL and BD groups. 

 

When callosal length was examined, there was a trend to a relationship in the BD 

group (p=0.097) but not in the CTL group (p>0.50). Similarly, a trend was seen to a 

relationship in BD in bending angle (p=0.057) but not in the CTL group (p>0.10).  A 

reduction in both variables was seen in the third and fourth decades, which was not 

seen in the CTL group (figure 6.10). 
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Figure 6.10. Relationship between age and callosal length (left) and bending 
angle (right) in CTL and BD groups. 
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6.5 Study 1: Discussion 

 

6.5.1 Summary of Main Findings 

By combining a variety of callosal metrics, this candidate was able to show that whilst 

there are no significant size differences between bipolar patients and controls, there 

are significant shape changes in this patient group, with a globally thinner callosum 

and regional reductions at the level of the splenium when compared to controls 

matched carefully for age, gender, education and premorbid IQ. That these 

differences at the level of thickness were not seen significantly in global measures of 

callosal size (area, length and curvature), suggests that global measures may not be 

sensitive enough to detect what may be subtle changes in shape.  

 

6.5.2 Origin of Pan-Callosal Changes 

The finding that the bipolar patients demonstrated a thinner callosum as a whole 

suggests that these volumetric changes may be reflective of a diffuse process affecting 

the brain, rather than of local changes at a cortical level. The relationship between 

changes in white and grey matter compartments in major mental disorders is probably 

bi-directional, and reductions in white matter structures may reflect a primary 

pathology of white matter, be secondary to grey matter structural change, or a process 

affecting both (Walterfang et al., 2006c). A thinner callosum in bipolar patients may 

reflect fewer interhemispheric axons, reduced axonal size, or impairments to 

myelination (Walterfang et al., 2006c).  Some evidence suggests that reduced size of 

the callosum in bipolar disorder may be associated with reduced signal intensity, 

suggesting impairments to myelination (Brambilla et al., 2004) or alterations to the 

maturation of the axonal cytoskeleton in these fibres (Keshavan et al., 2002a). As the 

onset of the illness occurs during this period of early adulthood interhemispheric 

myelination, it is possible that any process that impairs or interrupts this may result in 

these findings.  

 

Alternatively, these changes may be the result of a reduced number of 

interhemispheric fibres and may have predated the onset of the illness. Regional area 

reductions in the callosum appear to be present at first-episode (Atmaca et al., 2007a) 

and matches those seen with established illness (Brambilla et al., 2003b), suggesting 
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that this process is already underway or has already occurred at the time of first 

presentation. Grey matter changes have been described in this patient sample, with 

voxel-based morphometry demonstrating alterations in medial and lateral temporal 

cortex  (Chen et al., 2007), and cortical thickness analysis demonstrating bilateral 

paracingulate thickness reductions  (Fornito et al., 2007a), suggesting that the callosal 

changes described may be occurring in concert with alterations to cortical regions.  

 

6.5.3 Posterior Changes in BD Patients 

Accompanying a globally thinner callosum is an apparent disproportionate reduction 

in thickness at the level of the posterior splenium. This finding diverges from those of 

studies of a similar population, where a global size reduction was present but regional 

reductions were found in the anterior two-thirds of the callosum only in first-episode 

and established illness  (Atmaca et al., 2007a, Brambilla et al., 2003b). Findings of a 

regionally thinner splenium in our sample appear similar to the findings of a reduced 

circularity of the splenium in an adolescent sample (Yasar et al., 2006), although this 

population did not show other regional reductions nor a global reduction. Conversely, 

the same methodology did not find reduced splenial circularity in an adult population 

but found global and anterior reductions (Brambilla et al., 2003b). Size and shape 

changes do occur in the posterior callosum in the adolescent period, with a 

disproportionately greater expansion of mid-sagittal area occurring in the splenium in 

adolescence, suggestive of a more pronounced development of interhemispheric 

connections between association areas (Giedd et al., 1999b). Given this, a process that 

interrupts or impairs neurodevelopmental processes during this period could be 

expected to cause disproportionate changes to the posterior callosum, which are 

apparent in this sample.  

 

6.5.4 Comparison to Other Studies 

The differences between our findings and those previously described may relate to the 

population studied. The sample size in this analysis is comparable to or larger than 

other reported cohorts, the patients have a similar mean duration of illness to other 

studies and, like other studies, DSM-IV diagnosis is derived from a standard 

structured interview using the SCID-IV. One potential point of divergence is 

medication usage. Lithium therapy is reported to have trophic effects on grey matter 

structures which are detectable via group-level MRI analysis (Bearden et al., 2007a). 
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The patient group in our study is much more heterogeneous as regards medication 

than two comparable studies, whose patients were primarily on lithium monotherapy  

(Brambilla et al., 2004, Brambilla et al., 2003b). A study of medication-naïve first-

episode patients (Atmaca et al., 2007a), however, did demonstrate anterior reductions. 

If lithium does indeed result in subtle grey matter volume increases (which may be 

reflected in subtle regional shape changes in the callosum), a lower level of lithium 

usage in our population may reduce the effect that lithium has on any illness process 

that results in volumetric reductions in the corpus callosum. A clearer assessment of 

the effects of lithium on callosal structure is warranted, and is addressed in study 6.2, 

which follows. 

 

This analysis of callosal size and shape in bipolar disorder differs from other studies 

in this field in two methodological ways. Most other studies examining callosal 

structure in bipolar disorder have compared differing callosal regions without taking 

into account the non-independence of adjacent callosal measures, and have not 

corrected for multiple comparisons of the same structure (Yasar et al., 2006, 

Brambilla et al., 2004, Brambilla et al., 2003b), whereas only one study has used a 

Bonferroni correction (Atmaca et al., 2007a). Utilisation of a non-parametric 

permutation method with step-down procedures statistically controls for multiple 

comparisons and the non-independence of adjacent callosal regions, thus minimising 

false positive findings. Additionally, the use of a 9-parameter transformation to a 

standard template on all images, rather than covarying for brain size, is unique to our 

study, and it could be argued that this transformation may minimize subtle differences 

between the two groups. The use of brain volume as a covariate does not account for 

the fact that the relationship between brain and callosal size may vary between sexes. 

The use of normalization into stereotaxic space more directly deals with gross brain 

size differences and ensures robust and consistent measurement in the mid-sagittal 

plane, particularly in mixed-gender samples (Bermudez and Zatorre, 2001). 

 

 

6.5.5 Influence of Psychosis in Bipolar Disorder 

The lack of any effect of psychotic symptoms on the observed morphological changes 

argues against the notion that psychotic bipolar disorder shares more neurobiological 

underpinnings with schizophrenia than it does non-psychotic bipolar disorder (Glahn 
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et al., 2006a), which is also consistent with our findings in chapter 4. However, these 

results need to be interpreted cautiously because of the modest numbers in each 

group, and examining a larger sample is warranted.  

 

6.5.6 Influence of Family History of Affective Disorders 

There is a significant difference between patients with a family history of mood 

disorders and those without, with patients with a positive family history having a 

significantly and unexpectedly larger callosal area. Whilst mean and regional 

thickness did not reveal an overall effect of group, the means of each are greater in the 

group with a positive family history. Mood disorder familiality in bipolar patients has 

been consistently associated with reductions in the anterior cingulate region  

(McDonald et al., 2004), although the only white matter structural change previously 

associated with genetic risk has been reductions in left frontotemporal white matter  

(McDonald et al., 2004). Similar reductions have been seen in monozygotic bipolar 

twins (Kieseppa et al., 2003). In healthy individuals, cerebral lateralization results in a 

greater white matter volume in the left hemisphere  (Gur et al., 1980), and thus left 

hemispheric reductions in patients with a family history could indicate altered 

laterality in this group. As an inverse correlation exists between laterality and callosal 

size  (Luders et al., 2003, Witelson, 1985), it may be that these bipolar patients have a 

genetically-driven alteration to lateralization, which may not be seen in those without 

a family history of affective illness, and which results in a larger callosal area than 

non-familial patients.  However the small numbers under study, particularly as those 

with a history of family history of depression and manic episodes are conflated into 

one group, and that results only occurred at trend level necessarily limit the 

conclusions that can be drawn.  

 

6.5.7 Effect of Duration of Illness 

Duration of illness was not associated with any callosal measure in our study, and no 

previous study has examined this illness variable in relation to callosal size and shape. 

Illness duration has been correlated both positively and negatively with grey matter 

volume in bipolar disorder (Lyoo et al., 2006b, Ali et al., 2001). In a voxel-based 

analysis of the same sample used in the current study, duration of illness negatively 

correlated with caudate volume but no cortical region (Chen et al., 2007). Given that 

there is significant variance in this illness variable in the sample under study, it is 
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suggestive that the observed changes either predated or occurred at the time of first 

episode of bipolar affective illness. This is consistent with the almost identical 

findings when the methodology of Keshavan et al (Keshavan et al., 2002a) is applied 

to both first-episode and established bipolar patients (Brambilla et al., 2003b, Atmaca 

et al., 2007a), although longitudinal studies from the pre-illness phase would be 

required to demonstrate this conclusively. 

 

 

6.6 Study 2: Objectives 

 

In the previous study in BD, a thinner callosum overall was demonstrated in BD, and 

a posterior reduction that differed significantly from the anterior and mid-callosal 

reductions shown in schizophrenia-spectrum disorders in chapters 3-5. We also 

reported in study 6.1 that patients with a family history of affective disorder showed 

increased total callosal area, suggesting that familial factors may moderate callosal 

structure in BD. Study 6.1 was not able to examine the putative neurotrophic effects 

of lithium on callosal structure, which may have explained some of the differences 

between the findings of study 6.1 and previous work by other groups. We sought to 

validate and explore further these results, through examination of a larger dataset 

which included first-degree relatives of BD patients to examine genetic influences on 

changes to callosal structure, and to examine the differences between patients who 

were and were not stabilized on lithium treatment for BD. We hypothesized that: 

• BD patients in this larger cohort would show a globally thinned callosum, in 

addition to more regional posterior changes, compared to a CTL group as 

demonstrated in study 6.1, 

• Relatives would demonstrate intermediate changes, in between the BD and 

CTL group, 

• BD patients treated with lithium would show shape differences compared to 

those treated without, 

• BD patients with previous psychosis would not differ from those without a 

history of psychosis, 
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6.7 Study 2: Methods 

 

6.7.1 Subjects 

The entire sample was recruited at the Institute of Psychiatry, London, UK. Patients 

with bipolar disorder (BD, n=70) were identified by clinicians’ referrals and were 

included if they (a) were aged between 17-65 years (b) fulfilled Diagnostic and 

Statistical Manual of Mental Disorders, 4th edition, revised (DSM-IV) criteria for 

Bipolar Disorder, type I (BDI), (c) had no family history (up to second degree) of 

schizophrenia or schizophrenia spectrum disorders.  Siblings and offspring (REL, 

n=45) were invited to participate, with the patients’ consent, if aged 17-65 and 

without a personal history of Bipolar Spectrum Disorders.  Patients were in remission 

at the time of assessment. 

 

Healthy volunteers (CTL, n=75) were recruited through advertisement in the local 

press and were enrolled if they were (a) aged 17-65 years and (b) had no personal or 

family history of any Axis I DSM-IV disorder. Healthy volunteers were selected so 

that they matched both patients and relatives in gender and level of education. Level 

of education was rated on a 5-point scale ranging from 1 (no educational 

qualification) to 5 (post graduate university level qualifications).  

 

Exclusion criteria for the entire sample (patients, relatives and controls) included (a) 

head trauma resulting in loss of consciousness, (b) personal history of neurological or 

medical disorders, (c) family history of hereditary neurological disorders and (d) 

fulfilling Lifetime DSM-IV criteria for lifetime drug or alcohol dependence and drug 

or alcohol abuse in the preceding six months. The study was approved by the Ethics 

Committee of the Institute of Psychiatry, London, UK. Written informed consent was 

obtained from all participants. 

 

6.7.2 Assessment  

Diagnostic assessments for all participants were conducted by personal interview 

with two trained psychiatrists, who were initially blind to diagnostic but not family 

status (BD family member or unrelated control), using the Structured Clinical 

Interview for DSM-IV (SCID) for Axis I  (First et al., 1998) and the SCID-II 



 214 

Personality Questionnaire for Axis II diagnoses  (First et al., 1997b). Inter-rater 

reliability was kappa >0.92 for both instruments. Where applicable, further 

information about age of onset, previous episodes and hospital admissions as well as 

current medication (type, dose and duration) was collected from medical notes. Family 

history of psychiatric disorders was assessed using the Family Interview for Genetic 

Studies (FIGS)  (Maxwell, 1992) supplemented by medical notes as necessary.  

All participants were rated using the Hamilton Depression Rating Scale (HDRS)  

(Hamilton, 1960), the Young Mania Rating Scale (YMRS)  (Young et al., 1978) and 

the Brief Psychiatric Rating Scale (BPRS)  (Overall and Gorham, 1962). Prior to 

scanning patients were assessed weekly over a minimum period of one month to 

ensure that they (a) continued to fulfil DSM-IV criteria for remission requiring a 

minimum period of six months of remission since the last syndromal episode (b) 

scored below 7 in the HDRS and YMRS and (c) had remained on the same type and 

dose of medication for a minimum period of six months. For all participants an 

estimate of current full-scale intelligence quotient (FSIQ) was obtained on the day of 

scanning using the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 

1981). After these assessments, 46 patients had a history of a lifetime psychotic 

illness (BD-P, n=46) whereas 24 did not (BD-NP, n=24). Of the BD sample, 19 were 

treated with antipsychotics (BD-AP) and 24 treated with lithium (BD-LI) at the time 

of scanning.  

 

6.7.3 Magnetic Resonance Scanning 

Structural images were acquired using a 1.5-T General Electric Signa System scanner 

(GE, Milwaukee, USA) at the Maudsley Hospital, London. Images were acquired in 

the axial plane using a T1 weighted, 3D Spoiled Gradient Recalled Echo (SPGR) 

protocol (TE=5.1ms, TR=18ms, flip angle=20º, slice thickness=1.5mm, in plane 

resolution=0.9375mm×0.9375mm, Nex=1. 

 

6.7.4 Magnetic Resonance Imaging Analysis 

 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and chapter 2. The measures included in this study were: 
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• Total midsagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline. 

 

6.7.4 Statistical Analysis 

Previous analysis of this cohort demonstrated significant differences between patients 

and relatives in prefrontal function  (Jogla et al., In Press), suggesting anterior changes 

may be present. Additionally, medication effects have been demonstrated on brain 

structure in this cohort  (Germana et al., In press). As a result, this candidate sought 

to examine the effect of illness variables including symptom levels, history of 

psychosis, medication status and duration of illness on callosal size and shape 

variables. Although information on the number of previous episodes and 

hospitalisation was collected, there was wide variability and inconsistency between 

sources (patients, caregivers, and medical records). The evaluation of the number of 

episodes and hospitalizations on the basis of recall or routine medical records was, 

therefore, deemed unreliable and was not included in further analyses. However, 

duration of illness data was felt to be robust, and was included. 

• Analysis One – Comparison of main groups BD, REL and CTL. 

• Analysis Two – Comparison of BD-LI to BD patients on non-lithium 

treatments. 

• Analysis Three – Comparison of BD-P to BD-NP.  

• Analysis Four – Analysis of effect of age on BD, REL and CTL subjects, and 

duration of illness (DOI) on BD patients. 

• Analysis Five – Analysis of the relationship between symptom levels and 

medication with callosal measures in BD patients. 
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Analysis for between-group differences in demographic variables was undertaken with 

Chi-square analyses for gender, and one-way analysis of variance (ANOVA) for 

between-group comparisons of age in years, full-scale IQ, and unitary CC measures 

such as total callosal area, callosal length and callosal bending angle were examined 

using analysis of covariance (ANCOVA) using age (which differed significantly 

between the groups) as a covariate. For regional callosal thickness, methods were 

identical to previous chapters. 

 

6.8 Study 2: Results 

 

6.8.1 Demographic and symptom data 

Demographic and symptom data is presented in table 6.2. The BD group was 

significantly older than the CTL and REL groups (F[2,189]=9.03, p<0.0001). There 

were no group differences in gender (χ2=0.35, p=0.840), or full-scale IQ 

(F[2,189]=0.18, p=0.837).  

 

In the BD group, the mean age of BD onset was 25.14±8.89 years. Thirty patients 

presented with depression at onset and 40 with a manic or mixed episode. Mean 

duration of illness prior to scanning of 18.24±1.12 years and the mean number of 

hospitalisations was 3.39±2.50 (range 0-9). All patients were on mood stabilisers, 

lithium (n=24) being the most common, followed by lamotrigine (n=13), 

carbamazepine (n=12) and sodium valproate (n=8). In addition, 19 patients were 

prescribed concomitant antipsychotic medication.  

 

Global Assessment of Functioning (GAF) score was significantly lower in patients 

than relatives and controls (F[2,189]=35.32, p<0.0001), and level of symptoms on the 

HDRS (F[2,189]=50.61, p<0.0001) and YMRS (F[2,189]=8.43, p<0.0001), were 

significantly higher in the patient group than both other groups.  
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Table 6.2. Demographic and callosal details. IQ = intelligence quotient. YMRS = Young Mania Rating Scale. HDRS = Hamilton 
Depression Rating Scale. 

Subject Group N Age Gender 
(F/M) 

GAF Score Age of 
Onset 

Duration of 
illness 

Number of 
hospitalisations 

First-episode 
polarity 
(depressed/manic 
or mixed) 

Mood 
stabiliser 
(Li/V/C/La) 

Anti-
psychotics 
(Y/N) 

IQ YMRS HDRS Callosal Area 
(mm) 

Callosal 
Length (mm) 

Callosal 
Curvature 
(radians) 

Healthy Controls 75 36.10±13.51 36/39 90.03±4.80       114.68±16.39 0.13±0.50 0.24±0.77 694.15±92.95 99.90±6.26 1.73±0.12 

Psychotic 24 44.54±13.21 8/16 83.50±10.59 27.33±9.63 17.25±12.46 1.83±1.97 20/4 19/5/6/8 10/14 112.38±14.29 0.46±0.93 5.29±5.06 672.31±70.65 102.31±7.37 1.67±0.12 

Non-
Psychotic 

46 43.17±11.14 29/17 75.24±13.81 24.00±8.36 18.76±10.46 4.19±2.38 20/26 4/3/6/5 17/29 114.00±16.18 1.67±3.29 5.70±5.87 644.74±93.06 100.90±6.82 1.71±0.16 

Lithium 47 43.28±12.47 26/21 78.85±13.11 26.04±9.91 17.28±11.29 3.36±2.71 29/18 24/0/0/0 9/38 113.11±16.24 1.09±2.25 6.79±6.02 639.99±79.75 100.46±6.77 1.73±0.14 

Non-Lithium 23 44.39±10.56 11/12 76.48±13.91 23.30±6.09 20.22±10.73 3.43±2.09 10/13 0/8/12/13 2/21 114.13±14.09 1.61±3.65 3.04±3.44 683.23±94.16 103.29±7.21 1.64±0.15 

Bipolar 
Disorder 

Group 70 43.64±11.81 37/33 78.07±13.02 25.14±8.89 18.24±11.12 3.39±2.50 30/40 23/8/12/13 19/51 113.44±15.47 1.26±2.78 5.56±5.57 654.20±86.52 101.39±6.39 1.69±0.15 

Relatives 45 34.80±12.49 23/22 87.97±6.11       115.13±16.86 0.22±0.90 0.42±1.22 696.59±96.68 99.40±6.80 1.72±0.16 
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6.8.2 Analysis One – Main Groups  

The mean callosal area, when age was covaried for, was smaller in the BD group 

(F[2,189]=5.58, p<0.005) than the CTL and REL groups, who did not differ from 

each other (Games-Howell post-hoc analysis, p=0.99). Similarly, mean callosal 

thickness was thinner in the BD group compared to the CTL & REL groups 

(F[2,189]=7.88, p=0.001), whereas CTL and REL groups did not differ in post-hoc 

analysis (p=0.98). There were no group differences in callosal length (F[2,189]=0.38, 

p=0.962), or bending angle (F[2,189]=0.29, p=0.747), seen in figure 6.11.  

 

   

   

Figure 6.11. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across BD, REL and CTL groups. * = significant between-group differences.  

 

When the three groups were compared on thickness across the 39 measures along the 

length of the CC (figure 6.12), there was an overall effect of group (p<0.05).  
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Figure 6.12. Profile plots of regional thickness across the callosum in BD, REL and CTL 
groups from anterior to posterior. 

 

Two-group comparison between BD and CTL was also significant (p<0.05), with 

step-down testing revealing that slices 16-17 were thinner beyond the overall effect of 

group in patients (p<0.05, figure 6.13).   

 

   
 

Figure 6.13. Callosal significance plots, CTL vs BD, showing significant between-group 
differences in the anterior body of the callosum that were beyond the overall reduction in 
thickness. 

 

Relatives did not differ from controls (p=0.99) even when divided into offspring 

(n=21) or siblings (n=24) (p=0.73 and p= 0.77 respectively); neither was there a 

difference between offspring and siblings  (p=0.36, figure 6.14).  

 



 220 

 

Figure 6.14. Profile plots of regional thickness across the callosum in the REL group siblings 
and offsprings, compared to CTL groups from anterior to posterior. 

 

6.8.3 Analysis Two - Effect of Lithium Treatment 

Patients prescribed lithium did not differ from those on other medications on age, 

gender, IQ, GAF score, illness duration, number of hospitalisations, age or polarity of 

onset, or YMRS, although HDRS scores were lower in lithium-treated patients 

(p<0.01).  

 

Patients on lithium had a significantly larger total callosal area (t=-2.01, p<0.05) and 

larger bending angle (t=2.35, p<0.05) than those who were not, and were not 

significantly different from controls (t=-0.48, p>0.50; figure 6.15) whereas patients 

who were on non-lithium treatment had a smaller total area (t=2.85, p<0.005). Length 

did not differ according to mood stabilizer treatment (t=-1.61, p>0.10).  
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Figure 6.15. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across patients in the BD group who were and were not treated with lithium. * = 
significant between-group differences.  

 

 

When the patient group on lithium were compared with those who were not (figure 

6.16), there were significant local expansions across nodes 19-21 (p<0.01, figure 

6.17), in the mid-body of the callosum, in the lithium compared to non-lithium treated 

patients. When non-lithium patients were compared to controls, reductions were seen 

in slices 15-20 (p<0.01) and slices 29 and 36 (figure 6.18). The lithium-treated 

patients showed no shape differences compared to controls. 



 222 

 

Figure 6.16. Profile plots of regional thickness across the callosum in the BD patients who were 
and were not stabilized on lithium treatment. 

 

 

Figure 6.17. Callosal significance plots showing significant between-group differences in the 
anterior body of the callosum that were thicker in lithium-treated patients compared to patients 
on non-lithium treatments. 

 

 

Figure 6.18. Callosal significance plots showing significant between-group differences in the 
anterior body of the callosum that were thinner in patients on non-lithium treatments compared 
to CTL. 

 

 

6.8.4 Analysis Three – Effect of Psychotic Illness 

Patients with a lifetime history of psychosis (n=46) did not differ from those patients 

without a history of psychosis (n=24) in total callosal area (t=1.27, p>0.20), length 

(t=0.80, p>0.40), curvature (t=-1.21, p>0.20) or mean thickness (t=0.88, p>0.30, 

figure 6.19).  
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Figure 6.19. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across patients in the BD group who did and who did not have a lifetime history of 
psychosis. 

 

 

There was also no difference between those patients who were and were not on 

adjunctive antipsychotic treatment in area (t=0.74, p>0.10), curvature (t=0.78, 

p>0.10) or length (t=0.23, p>0.50, figure 6.20).  
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Figure 6.20. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across patients in the BD group who were and were not treated with antipsychotic 
medication. 

 

When shape was examined, there was no difference between those patients who did 

and did not have a history of psychosis (p=0.56, figure 6.21) and those who were and 

were not on adjunctive antipsychotic medication (p=0.40, figure 6.22). 

 

 

 

Figure 6.21. Profile plots of regional thickness across the callosum in the BD patients who did 
and who did not have a previous history of psychotic episodes. 
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Figure 6.22. Profile plots of regional thickness across the callosum in the BD patients who were 
and were not treated with antipsychotic medication. 

 

 

6.8.5 Analysis Four – Analysis of Age, Gender and Duration/Onset of Illness Effects 

As in chapter 3, as a large spread of ages in our bipolar and control samples were 

present, the differential effect of age on callosal variables in the BD group vs REL 

and CTL groups was analysed. Again, the best curve fit for the age-area relationship 

was quadratic (p<0.05). Using this model, this relationship in controls, where area 

increased in early adulthood and declined thereafter, was significant in the CTL 

(p<0.05) and REL (p<0.05) groups but not the BD group (p=0.54, figure 6.23). This 

is notably similar to the loss of a very similar quadratic trajectory of callosal area in 

normal controls in the CSZ group in chapter 3. 
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Figure 6.23. Relationship between age and total callosal area in CTL, BD and REL groups. Fit 
lines are quadratic, as across adult life, trajectories of myelination and callosal growth are known 
to be quadratic  (Bartzokis, 2004).  

 

 

The relationship between age and callosal length in the CTL group again was best 

modeled using a quadratic curve fit in controls. There was a significant relationship in 

the CTL group with length increasing into early adulthood and then reducing 

(p<0.01), and a similar relationship was present in the REL group (p<0.005). The BD 

group however showed a significant but inverted relationship with age (p<0.05, 

figure 6.24).  

 

 
 

Figure 6.24. Relationship between age and total callosal length in CTL, BD and REL groups. 
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A reduced (more acute) bending angle was related to increasing age in the BD group 

only (p<0.005), but not in the CTL and REL groups. Additionally, only in the BD 

group was age related to reduced thickness (p<0.05, figure 6.25). 

 

 

Figure 6.25. Relationship between age and total callosal bending angle (left) and mean 
thickness (right) in CTL, BD and REL groups. 
 

Multivariate regression on regional callosal thickness revealed a strong effect of age 

on callosal shape in the bipolar group. Increasing age conferred reductions in slices 

14-18 (p<0.005, figure 6.26). This effect was not seen in controls (p=0.84) or 

relatives (p=0.62).  There was no effect of full-scale IQ in any group, and in the 

patient group no effect of HDRS (p=0.52) and YMRS (p=0.66). Age of onset did not 

impact on callosal shape (p=0.76) although duration of illness did, again conferring 

reductions in slices 14-18 with increasing illness duration (p<0.05, figure 6.26). 

Unsurprisingly, age and duration of illness were highly correlated in the patient group 

(r=0.69, p<0.0001). 

 

 

Figure 6.26. Callosal significance maps for the Relationship between regional callosal thickness 
and age (left) and duration of illness (right) in BD group. 

 

When gender was examined, particularly with regards to callosal area, there was no 

effect of gender in this sample on callosal area and no group by gender effect 

(F[2,1,184]=0.498, p=0.609, figure 6.27). 
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Figure 6.27. Callosal area by group and gender. No significant findings were demonstrated, 
other than the key effect of group. 

 

6.8.6 Analysis Five – Analysis of Symptom Variable Effects 

There was no correlation between full-scale IQ and total callosal area, length or 

curvature in any group. In the patient group, there was no correlation between 

symptom measures (HDRS, YMRS) and any major callosal metric, nor with callosal 

shape.  

 

 

6.9 Study 2: Discussion 

 

6.9.1 Summary of Main Findings 

We corroborated our previous findings from study 1 in this section by showing a 

global thinning of the CC in patients with BD compared to healthy controls, and 

further extra-genual reductions were demonstrated in the anterior mid-body of the CC 

in BD patients only. These reductions were affected by both age and duration of 

illness. Notably patients treated with lithium showed a thicker callosum in this region 

than those patients not treated with lithium. There was no difference between relatives 

– either siblings or offspring – and controls in callosal size or shape. This study 

sample was recruited in London, UK and represents a geographically and culturally 

distinct group from our previously published findings on callosal thinning in BD 

patients recruited in Melbourne, Australia.  This suggests that  global callosal thinning 

is a robust illness-related finding in BD as it was observed in two independent 

cohorts, and is clearly different to the consistent findings of changes in the genu in 

schizophrenia-spectrum illness at all illness stages.  
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6.9.2 Role of Confounding Variables 

A number of possible confounders are worthy of consideration when examining these 

results. Symptom status and the effects of acute illness are unlikely to explain the 

between-group difference between BD patients and controls, as all patients were in 

remission at the time of scanning. Medication effects are unlikely to have caused 

these reductions, as the only medication effect demonstrated in the study was of 

lithium on callosal size and shape. The effect of lithium treatment appeared to 

“reverse” the effect of illness on the callosum, arguatly resulting in “normalization” of 

both total area and regional thinning that was not seen in non-lithium mood stabilisers 

or antipsychotic medication. It is important however to note two limitations of our 

medication data. Firstly, full compliance was assumed for the purposes of this 

analysis and secondly accurate data on the duration of treatment was not available for 

all patients, although demonstrable neurotrophic effects are known to occur within 

weeks of lithium administration  (Monkul et al., 2007). 

 

 

6.9.3 Age and Duration of Illness Effects 

The duration of illness was associated with a reduction in callosal thickness in the 

midbody, the same region where disproportionate thinning was seen in the BD-CTL 

comparison. An identical effect of age was seen in the same region in the patient 

cohort only The co-linearity of age and illness duration effects did not allow us to 

determine whether there was a direct effect of illness duration or an interaction 

between illness and ageing-related mechanisms.  The lack of accurate information 

about the number of episodes prevents us from clarifying whether these changes 

represent an effect of illness severity, or unsuccessful ageing in BD patients. These 

findings indicate progressive change in white matter structures, and/or the areas they 

interconnect, and underscores the need for longitudinal analyses. An inverse 

correlation between duration of illness, or number of manic episodes as a proxy 

marker for duration, has been shown for grey matter regions, particularly in the 

prefrontal cortex  (Lyoo et al., 2006a, Frey et al., 2008, Lopez-Larson et al., 2002). A 

single longitudinal study comparing regional matter volumes across a four year 

interval demonstrated reductions in hippocampal, cerebellar and fusiform grey matter, 

but no losses in regional white matter  (Moorhead et al., 2007, Farrow et al., 2005a). 
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However a recent large study examining both cognition and brain volume in bipolar 

patients found no interaction between age and illness on brain structure and no 

differential effect of age on cognitive performance  (Sarnicola et al.). Longitudinal 

data of callosal structure in bipolar disorder are warranted to determine if there is 

indeed progressive change affecting the callosum and other white matter structures. 

 

6.9.4 Role of Psychosis 

The presence or absence of psychosis did not affect any of the main callosal metrics, 

nor did it affect regional callosal thickness. The lack of divergence between BD 

patients with and without psychosis argues against the notion that psychotic BD 

shares more neurobiological underpinnings with schizophrenia than it does with non-

psychotic bipolar disorder  (Glahn et al., 2006a).   

 

6.9.5 Relationship to Grey Matter and Microstructural Changes 

The callosal area represented by slices 14-18 connects anterior cingulate and insular 

cortex, areas that have shown neuroanatomical and functional changes in bipolar 

disorder  (Brambilla et al., 2005b, Hajek et al., 2005). Whilst changes in a large white 

matter structure such as the CC may reflect global grey matter changes, it is also 

possible that they occur independently of any alterations to grey matter or to global 

white matter changes. There is substantive evidence suggesting white matter 

alterations in bipolar disorder, including elevated rates of white matter 

hyperintensities  (Ahn et al., 2004, El-Badri et al., 2006), reductions in regional white 

matter volume  (McDonald et al., 2005, Strakowski et al., 1993a, Davis et al., 2004, 

Haznedar et al., 2005), and alterations (both increases and decreases) to fractional 

anisotropy (FA) measured using diffusion-tensor imaging (DTI) in frontal, temporal 

and parieto-occipital regions  (Haznedar et al., 2005, Adler et al., 2004, Regenold et 

al., 2006, Versace et al., 2008). Two DTI studies specifically examining the callosum 

showed reductions in FA, a measure of microstructural integrity and organization of 

white matter, in the anterior callosum only  (Wang et al., 2008, Yurgelun-Todd et al., 

2007), suggesting that callosal changes in bipolar disorder may be localized. 

However, volumetric measurements were not undertaken on anatomical images in 

these studies, so it is not clear whether any shape changes were present in the patient 

groups. 
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6.9.6 Role of Family History 

In this sample, first-degree relatives did not demonstrate the size and shape changes 

seen in the BD patient group, suggesting that genetic predisposition to BD is not 

reflected in callosal morphology. Studies using continuous measures of genetic 

liability in patients and controls have shown either no relationship between genetic 

liability and white or grey matter volume  (McIntosh et al., 2006) or reductions in 

right anterior cingulate and ventral striatal grey matter and left frontotemporal white 

matter  (McDonald et al., 2004). Other studies examining unaffected relatives have 

found no alterations to brain structure in bipolar relatives  (McDonald et al., 2006, 

McIntosh et al., 2005c), or reductions to anterior thalamic grey matter  (McIntosh et 

al., 2004). More recently, increased volume in the medial temporal lobe was seen in 

healthy offspring of BD patients suggesting that brain structural alterations in healthy 

first degree relatives of BD patients may be protective rather than risk enhancing  

(Ladouceur et al., 2008). 

 

 A meta-analysis of cognitive function in BD patients and their relatives showed a 

very small effect size for cognitive impairment in relatives (compared to a large effect 

size in patients), suggesting that genetic effects on CNS development are subtle if 

present in non-bipolar relatives  (Arts et al., 2008). Taken together these findings 

suggest that a complex relationship between genetic liability to BD and structural 

brain changes; in the case of the CC such changes if present are modest, below the 

threshold of current resolution to detect. Equally it is possible that disease expression, 

including callosal change, requires additional non-genetic factors. 

 

6.9.7 Effect of Lithium Treatment on Callosal Morphology 

We showed expansions in the mid-body of the callosum in the lithium-treated patient 

group, compared to those treated with anticonvulsants. This was not  related to any 

group differences in demographic or clinical characteristics. A separate study in this 

lithium-treated group demonstrated regional increases in grey matter in the subgenual 

cingulate gyrus, the postcentral gyrus and the insula, and global white matter 

reductions in non-lithium treated patients  (Germana et al., In press). Homotopic 

connections from the postcentral gyrus and insula pass through the mid-body of the 

callosum  (Pandya and Seltzer, 1986b), suggesting that these grey and white matter 

expansions are occurring in concert in lithium-treated patients. Notably, 
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disproportionate thinning in the BD group compared to controls was seen in the same 

callosal region, suggesting that any differential effect of lithium may occur in the 

most neuroanatomically altered region. Lithium has been posited as having a 

“neuroprotective” effect on grey matter structures in BD  (Bearden et al., 2007b, 

Manji et al., 2000). This effect may be conferred through increased nerve growth 

factor (NGF) and brain-derived neurotrophic factor (BDNF) release  (Angelucci et al., 

2003) and/or neurogenesis  (Chen et al., 2000, Hashimoto et al., 2003), although it is 

difficult to rule out an osmotic effect when volume changes alone are described  

(Monkul et al., 2007). Its effects on white matter structure are less well studied, 

although four weeks of lithium treatment has been shown to increase total brain white 

matter volume  (Monkul et al., 2007). The most evidence for a neurotrophic or 

neuroprotective effect on white matter directly relates to lithium’s effects on NGF and 

BDNF, which promote oligodendrocyte survival and myelination  (Chan et al., 2004, 

Cohen et al., 1996, Tolwani et al., 2004), and lithium treatment has been shown to 

upregulate structural myelin genes  (McQuillan et al., 2007), suggesting a 

promyelinative effect. 

 

6.9.8 Relationship to Changes Seen in Schizophrenia 

The callosal changes observed in BD differ significantly from those the candidate has 

demonstrated for patients with schizophrenia, where regional reductions were only 

seen in the anterior genu. These changes were present in the prepsychotic phase 

(chapter 5), at first-episode and in established schizophrenia patients (chapter 3) but 

not  in psychotic affective disorder (chapter 4). It has been suggested that BD and 

schizophrenia share significant genetic and phenotypic features  (Craddock et al., 

2006a, Craddock and Owen, 2005a) and that  psychotic BD patients may be more 

“schizophrenia-like” than those who have not experienced psychosis  (Glahn et al., 

2006a). However, divergent findings have been consistently demonstrated at the level 

of the CC in this thesis, suggesting that non-shared aetiological factors may act at the 

level of white matter structure and are manifest in differential callosal size and shape 

changes in each disorder. 

 

6.9.9 Study Limitations 

The key limitation that warrants highlighting in our study is the age difference 

between the groups, which could account for the between-group differences. Global 
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and regional thinning in the bipolar group may be occurring due to an effect of age 

alone. However, significant differences existed in between group analyses of the 

major callosal metrics when age was covaried for, and in our shape analysis, age was 

related to regional callosal thickness in the patient group only. Whilst an age-illness 

interaction may account for these effects, it is clear that an illness effect exists, and 

that these findings cannot be completely accounted for by age. Additionally, the 

similarity of the findings of this study to those in study 1, who showed similar global 

and regional thinning and were well matched for age, lends weight to our hypothesis 

that callosal thinning is predominantly an illness effect. 

 

 

6.10 Conclusion 

In these two studies of patients with BD, a number of consistent findings were 

apparent. Overall, the callosum is thinner in patients with established BD compared to 

controls, and there is a disproportionate thinning of regions outside the genu. 

Additionally, our data suggest an interaction between the illness and the normal 

neurodevelopmental trajectory of callosal development in adolescence and adulthood. 

Notably, lithium-treated patients were more similar to controls than they were to non-

lithium-treated patients, which is suggestive of a neurotrophic effect of lithium on 

white matter structures. This effect was not found for antipsychotic medication. 

However psychotic patients did not seem to differ from non-psychotic patients, and 

showed little similarity to the schizophrenia-spectrum patients detailed in chapters 3-

5. Furthermore, a link between genetic underpinnings of BD and callosal structure 

was not detected, when probed through family history and relatives of BD patients. 

 

Some of these findings are consistent with the findings seen in schizophrenia, notably 

a globally thinner callosum and an impact of the illness on the normal development of 

the callosum, suggesting that these features may be common to SCZ and BD and 

reflective of a non-specific effect of biological susceptibility to major mental illness. 

However, the findings diverge in a number of key ways, in particular the changes 

seen in the genu of SCZ patients from the earliest illness stages, which are not seen in 

BD. This is notable, as prefrontal changes have been demonstrated in these bipolar 

cohorts previously, but are not reflected in specific changes to the callosum 

connecting these brain regions. Additionally, the bipolar patients demonstrated 
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extragenual changes, albeit in different ways. In the first cohort, changes were seen in 

the splenium, which were not shown in any of the schizophrenia-spectrum cohorts, 

suggesting it may be illness-specific. However, the changes seen in the second, larger 

cohort shows some commonality with some of the findings in the schizophrenia-

spectrum groups with changes in the anterior body of the callosum being also found 

in CSZ (figure 3.5).  

 

Overall, the findings suggest that bipolar patients and schizophrenia patients have 

both divergent and convergent findings in the callosum, and our findings suggest that 

bipolar patients have a differing callosal “signature” to schizophrenia patients. 

Additionally, this study provides further evidence that psychotic bipolar patients are 

more similar to non-psychotic bipolar patients than they are to schizophrenia patients. 

To determine whether the changes seen in bipolar disorder are reflective of affective 

disorders in general requires the examination of other affective disorder cohorts, such 

as patients with major depression. 
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CHAPTER 6 KEY POINTS 
 
When examining major callosal metrics, patients with bipolar disorder show a 

thinner callosum globally. This was uniformly present in two geographically 

disparate samples.  This is a finding in common with schizophrenia.  

 

Additionally, the relationship between age and total callosal area (and other 

callosal metrics) differed between patient and non-patient groups. Again, this is 

a finding in common with schizophrenia-spectrum samples. 

 

When regional callosal thickness was measured to probe shape, findings were 

seen outside the genu, suggesting this is a key point of divergence from 

schizophrenia-spectrum samples.  

 

Patients with psychosis did not differ from those without, suggesting psychotic 

bipolar patients have more in common with non-psychotic bipolar patients than 

they do with schizophrenia patients with regards to white matter changes. 

 

Additionally, the absence of differences in patients with a family history, or in 

first-degree relatives, suggests that genetic underpinnings to bipolar disorder are 

not necessarily expressed in structural callosal changes. 

 

The notable effect of lithium treatment on callosal structure is supportive of 

neurobiological changes with lithium treatment being reflected at the level of the 

callosum. 

 

These findings suggest that bipolar patients have their own callosal “signature” 

that, whilst it has some features of the schizophrenia “signature”, diverges from 

it in a number of key ways. Additionally, there may be a partial reversal of some 

of these neurobiological changes with lithium treatment. 
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7 CORPUS CALLOSUM SHAPE IN MAJOR DEPRESSIVE 

DISORDER 
 

 

7.1 Introduction 
 

As described in chapters 3-6, morphological changes appear to occur in the structure 

of the corpus callosum in major mental disorders including schizophrenia and bipolar 

affective disorder. The changes in bipolar disorder share some similarities with 

schizophrenia (global thinning and an age-illness interaction), although they appear to 

diverge from those seen in schizophrenia at the level of regional thickness. A logical 

extension to this work is to determine if those findings common to bipolar disorder 

and schizophrenia also occur in other affective disorders, which would suggest that 

they are common to most major mental illnesses. Additionally, the findings seen 

consistently across two bipolar disorder samples may be specific to BD, or to 

affective disorders generally. We also saw in chapters 3-4 that patients with first-

episode psychosis who were depressed appeared to show expansions in the mid-

callosum, rather than reductions seen in BD and SCZ, and patients with 

schizoaffective disorder had expansions in a similar region, whilst also demonstrating 

genu reductions seen in schizophrenia and schizophreniform disorder patients. 

 

There are a number of reasons to consider that changes in callosal shape and structure  

might accompany major depressive illness. There is some evidence of abnormal 

laterality in major depression  (Knott et al., 2001, Saxena et al., 2001), suggesting 

alered callosal shape may be a demonstrable marker of this. Additionally, disruptions 

to frontal-limbic-subcortical circuitry, manifest in altered frontal and temporal cortical 

structures, are postulated as core biological changes in depressive disorders  (Soares 

and Mann, 1997a, Brambilla et al., 2002) and thus may also be reflected in altered 

callosal size and/or shape in individuals with depression.  

 

Only three studies have probed callosal structure in depression and related disorders 

using anatomical imaging. In the first, Lyoo et al examined forty females with early 

onset “minor depression”, with the aim of detecting early changes and reducing the 
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confounding effects of age and treatment history  (Lyoo et al., 2002). This study used 

Witelson’s method for callosal area measurement in female college students, and 

accounted for non-independence of adjacent callosal measures by using a repeated-

measures ANOVA, and attempted to account for brain size effects by measuring in 

both native and stereotaxic space. They showed reductions of 7% in sterotaxic space 

in the genu and posterior midbody in the minor depression group.  

 

Lacerda et al used a similar regional area-based approach, modified from the Witelson 

approach, to examine nine areas in 22 unmedicated unipolar depressed patients 

compared to controls, and used ICV as a covariate, but did not control for non-

independence of adjacent areas  (Lacerda et al., 2005). They found no difference 

between groups, but found that patients with familial major depressive disorder 

(MDD) had larger areas in the genu and splenium.  

 

Finally, Sun et al examined callosal size in a sample of 45 treatment-resistant MDD 

patients and compared them to controls and treatment-resistant schizophrenia patients 

using a modification of the Witelson approach, using ICV as a covariate but not 

accounting for the non-independence of adjacent measurements  (Sun et al., 2009c). 

This analysis showed a reduction in depressed patients in the region of the callosal 

isthmus, but surprisingly found an increase in the schizophrenia group, in the 

splenium. A major limitation of this study was that all patients had lengthy treatment 

histories, and the effects of medication on callosal structure in depressed patients was 

not examined. These three studies used very different sample types with regards to 

illness severity and stage, and differing methodologies, making cross-comparison of 

the results highly problematic. 

 

No study has examined the influence of degree of depressive symptomatology on the 

nature of these reductions, despite the fact that depressive symptoms have been shown 

to predict regional (e.g., hippocampal) volume in some  (Vakili et al., 2000), but not 

all  (Hickie et al., 2005, Colla et al., 2006), studies. Similarly, it is not clear whether 

any detected changes could be attributed to state factors (relating to biological 

processes pertinent to the current depressive episode alone) or trait factors 

(representing an underpinning stable neurobiological vulnerability towards the onset 

of depressive episodes). For example, some studies have shown that early childhood 
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adversity can result in abnormal development of the corpus callosum  (Keshavan et 

al., 2002a, Sanchez et al., 1998, Paul et al., 2009), suggesting that callosal 

abnormalities may be a biological mechanism by which early environmental factors 

confer risk for the development of depression later in life. By contrast, state factors 

have shown effects on brain structure in regions such as the cingulate gyrus, where 

patients with current depressive illness have shown more significant volumetric 

reductions than remitted patients  (Caetano et al., 2006). Additionally, no study has 

examined possible differences of the callosal structure between melancholic and non-

melancholic subtypes of depression, where brain regions such as the hippocampus 

and prefrontal cortex have been shown to differ  (Hickie et al., 2005, Pizzagalli et al., 

2004). Similarly, depressed patients with comorbid anxiety demonstrate more 

significant functional impairment, which may be a marker for illness severity  (Potter 

et al., 2007), and trait anxiety may correlate with volume of medial temporal 

structures in depression  (Rusch et al., 2001).  

 

 

7.2 Study Objectives 

 

In the current study, measures of callosal size and shape were examined in major 

depression (MD) patients with current depression (CMD) and individuals with a 

history of depression who are currently in remission (PMD), and compared them to 

healthy controls (CTL). This approach enabled us to examine important questions 

regarding whether previously reported differences in callosal structure may reflect 

state or trait influences. Additionally, the influence of current depressive symptoms 

on callosal structure was examined, and aimed to determine if melancholic (CMD-M) 

and non-melancholic (CMD-NM) depressed patients showed neuroanatomical 

differences. Finally, we examined the effect of anxiety by comparing those patients 

with (MD-A) and without (MD-NA) comorbid DSM-IV anxiety disorders. On the 

basis of the previous findings in bipolar disorder, it was hypothesised that: 

• MD patients would not show the global thinning associated with BD and SCZ 

when compared to CTL 

• CMD patients would show state-related changes in regions connecting 

cingulate and other regions of frontal cortex 

• Patients with CMD-M would show more pronounced differences than CMD-
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NM 

• Patients with MD-A would show more pronounced differences than MD-NA 

 

 

 

 

7.3 Methods 

 

7.3.1 Subjects 

Eighty-six subjects were recruited and analysed in the study, of which 26 received a 

current diagnosis of major depressive disorder (CMD), 28 were currently medically 

and psychiatrically well individuals with a previous history of a diagnosable major 

depressive disorder (PMD) and 32 subjects were healthy control subjects (CTL) who 

were matched to both patients groups on age, gender, education and premorbid 

intelligence. The main baseline demographic data and clinical features of the three 

groups are presented in table 7.1. Study subjects were recruited through 

advertisement in the local media from the general community and via outpatient 

mental health clinics (specifically ORYGEN Youth Health and the University of 

Melbourne Psychology Clinic, Melbourne, Australia). The local internal review board 

(Mental Health Research & Ethics Committee, Melbourne Health, Melbourne, 

Australia) approved the study protocol, and the participants gave written informed 

consent after a complete description of the study.  Participant inclusion criteria were: 

age between 18–50 years, speaking English as a preferred language, current IQ > 70, 

and colour vision and acuity within normal (or corrected-to normal) limits. Exclusion 

criteria were: a history of significant head injury, seizures, impaired thyroid function 

and steroid use, neurological diseases, electro-convulsive therapy within the past six 

months. All the depressed subjects with another current Axis I psychiatric disorder 

(other than anxiety disorders) were excluded, as well as the healthy controls who had 

a personal history of psychiatric illness, drug or alcohol dependence.  

 

All participants underwent a clinical and neuropsychological assessment. Participants 

were screened with the Structured Clinical Interview for DSM-IV (SCID-IV-TR)  

(First et al., 2001), and rated on the Beck Depression Inventory (BDI)  (Beck and 

Steer, 1987), the Mood and Anxiety Symptom Questionnaire (MASQ)  (Watson et al., 



 240 

1995), and the Alcohol Use Disorders Identification Test (AUDIT)  (Babor et al., 

1992). We also obtained measures of premorbid and current intelligence using the 

Wechsler Test of Adult Reading (WTAR)  (Wechsler, 2001) and the Wechsler 

Abbreviated Scale of Intelligence (WASI)  (Wechsler, 1999), respectively.  

 

We assessed the presence/absence of medication during the 6 months before the 

screening in the subgroup with a positive history of lifetime medication. Thirty-three 

patients were on a stable medication regime for at least 6 months preceding the scan. 

Of these, seventeen patients were on SSRIs (e.g., fluoxetine, fluxovamine, paroxetine, 

sertraline, citalopram, escitolopram), four on SSNRI (e.g., venlafaxine), three on 

NaSSAs (e.g., mirtazapine), two on TCAs (e.g., amitriptyline, doxepin), two on 

MAOIs (e.g., tranylcypromine, mocolobemide), one on lithium, one on NRIs (e.g., 

reboxetine). Three patients were receiving combination therapy (paroxetine and 

benzodiazepine, escitolopram and mirtazapine; lithium and dothiepin, respectively), 

while nine were medication naïve. 

 

7.3.2 Magnetic Resonance Scanning  

All the subjects were scanned with a Siemens MAGNETOM Avanto 1.5-Tesla 

scanner at the Saint Vincent’s Hospital Melbourne, Victoria. A structural T1-

weighted image analysis was performed, with image parameters were as follows: time 

to echo=2.3 msec, time repetition=2.1 msec, flip angle=15°, matrix size=256x256, 

voxel dimensions=1x1x1 mm. Additionally, MRI abnormalities were assessed using a 

high-resolution T2 –weighted image analysis.  

 

7.3.3 Magnetic Resonance Imaging Analysis 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and chapter 2. The measures included in this study were: 

• Total midsagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline. 
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7.3.4 Statistical Analysis 

• Analysis One – Comparison of main patient groups MD (CMD and PMD) 

and CTL.  

• Analysis Two – Comparison of CMD-M and CMD-NM subgroups. 

• Analysis Three – Comparison of MD-A and MD-NA subgroups. 

• Analysis Four –– Analysis of the relationship between age and callosal 

measures. 

• Analysis Five – Analysis of the relationship between symptom variables and 

callosal measures in MD and its subgroups. 

 

 
Analysis for between-group differences in demographic variables was undertaken with 

Chi-square analyses for gender and handedness, and t-tests for two-group and analysis 

of variance (ANOVA) for three-group comparisons of age in years, years of 

education, IQ using the Wechsler Abbreviated Scale of Intelligence, and premorbid IQ 

measured using the Wechsler Test of Adult Reading (WTAR). Unitary callosal 

measures such as total callosal area, callosal length and callosal bending angle were 

compared between groups using one-way ANOVA.  

7.4 Results 

 

7.4.1 Demographic and Illness Data 
 

Demographic and symptom data is outlined in table 7.1. There was no significant 

difference between the groups on measures of age and gender. The CMD group had a 

significantly lower current IQ than the PMD and CTL groups as measured by the 

WASI, and although premorbid IQ as measured by the WTAR was also lower in this 

group, this difference was not significant. The neuropsychological performance of the 

CMD group may be strongly influenced by current symptoms however, as current IQ 

was related to level of depression on the BDI in a partial correlation controlling for 

premorbid IQ (r=-0.273, p<0.05). 
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Table 7.1. Demographic and callosal details. IQ = intelligence quotient.  BDI = Beck Depression Inventory.  

Subject Group 
  

Number 
(M/F) 

Age (Yrs) Premorbid IQ Current IQ BDI Score Illness 
Duration 
(yrs) 

Age of Onset 
(Yrs) 

Depressive 
Episodes 

Comorbid 
Anxiety 
Disorder 
(Y/N) 

Callosal Area 
(mm2) 

Callosal 
Length (mm) 

Callosal 
Bending Angle 
(radians) 

Mean 
callosal 
thickness 
(mm) 

CMD 26 (5/21) 32.15±8.28 107.42±11.71 104.31±8.75 37.00±9.38 11.31±9.52 20.85±8.22 2.88±2.60 18/8 725.99±116.97 100.78±6.73 1.643±0.118 7.630±0.942 

PMD 28 (7/21) 36.36±9.27 112.39±8.74 111.59±9.49 15.04±12.55 9.68±6.98 26.68±9.98 3.04±2.55 5/23 684.32±99.73 100.44±8.13 1.704±0.087 7.224±0.810 

CMD-M 10 (3/7) 36.70±7.09 106.70±8.39 103.20±5.49 36.00±9.12 10.30±8.10 26.40±8.45 2.67±1.63 6/4 710.63±132.62 101.47±7.50 1.628±0.096 7.407±0.929 

CMD-NM 12 (2/10) 17.17±6.95 110.08±14.46 104.92±8.42 35.00±9.84 8.50±8.04 18.67±6.17 1.62±1.06 9/3 746.81±106.67 99.39±5.35 1.665±-0.115 7.958±0.926 

MD-A 23 (5/18) 33.00±10.15 107.30±11.75 104.48±9.40 32.26±11.47 10.87±9.56 22.13±9.74 2.94±2.46 - 705.97±117.37 99.71±7.16 1.670±0.114 7.511±1.014 

MD-NA 31 (7/24) 35.32±8.14 112.00±9.12 110.73±9.30 18.45±14.52 7.29±1.31 9.34 2.65 - 703.20±105.02 101.27±7.65 1.677±0.102 7.352±0.799 

Major 
Depression 

Total (MD) 54 (12/42) 34.33±9.04 110.00±10.48 108.02±9.766 25.61±15.63 10.46±8.23 23.87±9.55 2.98±2.54 23/31 704.38±109.37 100.60±7.41 1.674±0.107 7.419±0.891 

Controls 32 (5/21) 34.41±9.82 111.25±12.28 110.88±10.94 3.31±3.92 - - - - 716.67±115.44 104.15±6.69 1.673±0.119 7.313±0.998 
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Whilst there was no difference between CMD and PMD with regard to the number of 

episodes, the CMD group had a significantly earlier onset of first episode (t=-2.34, 

p<0.05). This group also had a significantly higher proportion of individuals with a 

co-morbid anxiety disorder (χ2=89.37, p<0.0001). When measures of current 

depressive and anxiety symptoms were measured on the BDI, significant differences 

emerged (F=98.81, p<0.0001) with the control group having lowest base rates of 

these symptoms, CMD the highest levels, and PMD an intermediate level – 

suggesting that even patients with remitted depression still had significant residual 

symptoms.  

 

7.4.2 Analysis One – Comparison of Main Groups 

When MD and CTL were compared, there were no significant differences on 

measures of global cross-sectional callosal area (t=0.510, p=0.661), mean thickness 

(t=-0.514, p=0.609) or curvature (t=-0.058, p=0.934). The CTL group had a longer 

callosum than the MD group (t=2.223, p<0.05; figure 7.1). 

 

 

 

Figure 7.1. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across MD and CTL groups.  
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In three-group comparisons, findings were very similar (figure 7.2), with no between-

group differences in area (F=1.149, p=0.332), curvature (F=2.152, p=0.123) and mean 

thickness (F=1.438, p=0.243). There was a trend to a difference in length (F=2.458, 

p=0.092), although post-hoc testing revealed no significant between-group 

differences. 

 

 

 

Figure 7.2. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across CMD, PMD and CTL groups.  

 

 

When callosal shape was analysed, there was no significant difference between the 

MD group as a whole and the CTL group (p=0.136, figure 7.3).  
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Figure 7.3. Profile plots of regional thickness across the callosum in MD and CTL groups from 
anterior to posterior. 

 

When the MD group was divided into PMD and CMD groups, there was no 

difference between the PMD and CTL groups (p=0.601), but a difference between 

CMD and CTL (figure 7.4), with significant localized expansions (figure 7.5) in 

nodes 22-24 and node 27 (p<0.05) and at trend level in nodes 25-26 (p=0.056). This 

expansion, at the level of the posterior body and isthmus, is seen to be solely confined 

to the CMD group, with the PMD patients not differing from CTL in this region 

(figure 7.4). 

 

 

Figure 7.4. Profile plots of regional thickness across the callosum in CMD, PMD and CTL 
groups from anterior to posterior. 
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Figure 7.5. Callosal significance plots, CTL vs PMD, showing significant between-group 
differences in the posterior body and isthmus. 

 

7.4.3 Analysis Two – Comparison of Melancholic and Non-Melancholic CMD 

When CMD-M and CMD-NM groups were compared (figure 7.6), there were no 

significant differences in callosal area (t=0.710, p=0.486), length (t=-0.759, p=0.457) 

curvature (t=0.808, p=0.429), and mean thickness (t=1.387, p=0.181).  

 

 

 

Figure 7.6. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across patients in the melancholic and non-melancholic CMD group. 

 

When shape was examined, there was no difference between patients with and 

without melancholia (p=0.687, figure 7.7), and nor did the CMD-NM (p=0.163) and 

CMD-M (p=0.550) group differ from controls. 
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Figure 7.7. Profile plots of regional thickness across the callosum in the CMD patients who did 
and did not have melancholic features. 

 

7.4.4 Analysis Three – Comparison of patients With and Without Comorbid Anxiety 

There was no difference between MD patients with a history of comorbid anxiety 

(MD-A) and those without (MD-NA) on measures of total callosal area (t=-0.091, 

p=0.928), midline length (t=0.763, p=0.449), curvature (t=0.225, p=0.823), and mean 

thickness (t=-0.648, p=0.520, figure 7.8). 
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Figure 7.8. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across patients in the MD group who did and did not have a comorbid anxiety 
disorder. 

 

When callosal shape in depressed patients with co-morbid anxiety was compared to 

those without (figure 7.9), anxiety patients showed significant expansions at node 23 

(p<0.05) and at trend level in nodes 24-27 (p<0.10) – again in the posterior body and 

isthmus – compared to those patients without comorbid anxiety, shown in figure 7.10. 
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Figure 7.9. Profile plots of regional thickness across the callosum in the MD-A and MD-NA 
patients. 

 

 

 

Figure 7.10. Callosal significance plots showing significant between-group differences in the 
posterior body of the callosum that were thicker in patients with a history of co-morbid anxiety 
disorder (MD-A) compared to those without (MD-NA). 

 

7.4.5 Analysis Four – Effect of Age on Callosal Size/Shape 

As for our CSZ and BD samples, the effect of age on major callosal variables was 

examined in the MD (and CMD and PMD subgroups) and CTL groups (figure 7.11). 

Given the spread of ages, we used a quadratic curve-fitting approach. The fit curve for 

all groups showed an expansion into the 3rd and 4th decades, as seen in the CTL group 

in all other studies, although the relationship did not approach significance for the 

current study’s CTL (p=0.226), MD (p=0.154), CMD (p=0.353) and PMD (p=0.246). 

It is likely that our lower numbers for our subgroups in particular (in comparison to 

our previous samples of SCZ and BD) limit our power to detect true between-group 

differences in the relationship between age and callosal area; nonetheless, no 

significant differences in the relationship emerged in this sample. 
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Figure 7.11. Relationship between age and total callosal length in CTL and MD groups (left) 
and CTL, CMD and PMD groups (right). 

 

Multivariate regression revealed no effect of age on regional thickness in the control 

group (p=0.866), the depression groups as a whole (p=0.710) or the CMD (p=0.186) 

or PMD (p=0.736) groups.  

 

7.4.6 Analysis Five – Effect of Illness Variables on Callosal Size/Shape 

Depressive symptoms as measured on the BDI did not correlate with any main 

callosal measure on the MD group as a whole, or in the PMD and CMD groups. There 

was no effect of BDI on regional callosal thickness when the depression group was 

examined as a whole (p=0.685), or in the PMD (p=0.814) and CMD (p=0.138) groups 

separately.  

 

The PMD and CMD groups were condensed into a single group to examine the effect 

of medication. There was no difference between those patients who had (n=34) and 

had not (n=18) been on antidepressant medication in the preceding six months on 

measures of total area (t=0.175, p=0.677), length (t=0.486, p=0.489), curvature 

(t=0.135, p=0.715) or mean thickness (t=0.103, p=0.821). When callosal shape was 

examined, there was no difference between the two medication groups (p=0.690).  
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7.5 Discussion 

 

7.5.1 Summary of Findings 

In a sample that compared individuals with both current and remitted major 

depression to healthy controls, it was demonstrated that only currently-depressed 

patients showed alterations in corpus callosum structure, demonstrating expansions at 

the level of the posterior body and isthmus. These alterations were not seen in the 

remitted group. Additionally, these same expansions were seen when the depressed 

group as a whole were split into those with comorbid anxiety disorders 

(predominantly patients with current depression) and those without (predominantly 

patients in remission). These expansions did not correlate with the degree of 

depressive symptomatology or with medication status. Patients with melancholic 

features in the currently depressed group did not differ from those without, although 

this analysis may be underpowered. 

 

7.5.2 Comparison to Previous Studies 

Two previous MRI studies found no anatomical alterations in total CC size in 

unipolar depression patients compared to healthy controls  (Parashos et al., 1998, 

Husain et al., 1991), whereas one observed expansions in anterior and posterior 

sections of the mid-sagittal callosum area in depressed patients  (Wu et al., 1993). 

Another  study investigating signal intensity, but not size or shape parameters, 

demonstrated differences between bipolar, but not unipolar, depressed patients and 

controls  (Brambilla et al., 2004).  When regional anatomy has been examined, 

medication-naïve patients with “minor” depression or dysthymia showed no 

difference in total area, but did show regional reductions in the genu and posterior 

mid-body of the callosum  (Lyoo et al., 2002), suggesting that subtle depression-

related regional changes may not be detected when only total size is examined. 

However, there are some exceptions with similar regional analysis of patients with 

unmedicated major depressive disorder showing no difference between the patient 

group as a whole and controls  (Lacerda et al., 2005). The picture in elderly depressed 

patients appears to diverge from these findings, suggesting reductions in both 

thickness of the genu and splenium when compared to age matched non-depressed 

controls  (Ballmaier et al., 2007).  
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7.5.3 Relationship to Grey Matter Changes 

Studies focusing on regional volume changes in unipolar depressive disorder have 

generally focused on regional cortical volumes  (Brambilla et al., 2002), and have 

predominantly found reductions in volume in frontal and temporal grey matter regions 

including the anterior cingulate and orbitofrontal cortex, hippocampus and amygdala  

(Drevets et al., 1997, Bremner et al., 2002, Hastings et al., 2004, Tang et al., 2007b, 

Ballmaier et al., 2004). Anatomical changes in these areas are supportive of the 

hypothesis that prefrontal-limbic circuitry is disrupted in major depression  (Drevets, 

1999, Phillips et al., 2003). Reductions in these fronto-limbic regions have been 

shown to correlate with depressive symptomatology and impaired cognitive 

performance  (Vasic et al., 2007) and treatment non-response  (Chen et al., 2006).  

 

Given that reductions in white matter regions often accompany grey matter reductions 

in a range of disorders, the most well-studied being Alzheimer’s disease  (Teipel et 

al., 2005, Hampel et al., 1998b), it could be expected that white matter reductions 

would accompany any grey matter reductions in frontal regions in unipolar 

depression. However, it is unlikely that cortical neurons are lost in depression in the 

same way as occurs in neurodegenerative disorders, where slow anatomical change in 

white matter accompanies neuronal disorganization before the axonal structure is 

ultimately lost  (Brun and Englund, 1986). In major mental disorders, the relationship 

between white and grey matter structures is likely to be more complex and dynamic  

(Walterfang et al., 2006b). For instance, white matter volume changes have been 

shown to be inversely related to grey matter changes in bipolar disorder  (Nugent et 

al., 2006) and early psychosis  (Walterfang et al., 2008a). The only study to examine 

total and regional white matter volume showed increases in non-psychotic, but not 

psychotic, depression, which at a regional level greatest in frontal and parietal 

regions, and that white matter volume changes often diverged from those seen in grey 

matter  (Salokangas et al., 2002). Parietal expansions in particular would be consistent 

with our expansions of the posterior body in the CMD group. However the effect of 

symptom levels or remission status on white matter volume changes has not been 

described in major depression, so it is not clear if these changes were static and 

persisted after remission, or were state-related and reversible. 

 

Our findings are consistent with those previously described in non-geriatric 
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depression, where expansions in the callosum have been described in some studies  

(Lacerda et al., 2005, Wu et al., 1993), although reductions were reported in one study 

of dysthymic patients  (Lyoo et al., 2002). The callosal region where expansions were 

apparent does connect cortical regions where white matter expansions have been 

described in depressed patients  (Salokangas et al., 2002), and may be reflective of, or 

occur in concert with, these changes. The posterior body and isthmus contain fibres 

that connect to the cingulate gyrus, insula, posterior parietal and superior temporal 

cortex  (Pandya and Rosene, 1985, Pandya and Seltzer, 1986a), areas shown to 

display anatomical and/or functional changes in major depression  (Drevets, 1999, 

Drevets et al., 1992, Biver et al., 1997, Yatham et al., 2000, Bhawagar et al., 2006). 

That these changes appeared to occur in the currently depressed group only suggests 

that they may have been a state-related phenomenon, and could be either a primary 

phenomenon in myelinated tissue occurring during depression, or reflections of other 

neurobiological processes occurring during a depressive episode. Some evidence of 

altered white matter microstructure,  which can be indexed using fractional anisotropy 

(FA) in diffusion-tensor imaging (DTI), in frontal, temporal and parietal regions is 

seen in both younger  (Li et al., 2007, Ma et al., 2007) and older  (Bae et al., 2006, 

Taylor et al., 2004) adults with major depression, although when the corpus callosum 

was specifically examined, no significant differences have been observed  (Bae et al., 

2006).  

 

7.5.4 Nature of Alterations to White Matter in Major Depression 

The origin of changes to white matter structure is unclear, although some evidence 

suggests that impaired function of oligodendrocytes, the glial cells that sheath axons 

with myelin, may play a role. A reduction in oligodendrocyte number in cortical layer 

VI has been shown in depressed subjects as well as bipolar and schizophrenia patients  

(Uranova et al., 2003), and increased myelin pallor, suggestive of loss of myelin 

(most likely of a vascular origin) has been found in a post-mortem analysis in major 

depression  (Renegold et al., 2006). Reduction in oligodendrocytes in the amygdala 

has also been shown in unipolar but not bipolar patients  (Hamidl et al., 2004). 

Moreover, a single microarray study revealed significant down-regulation of 

myelination and oligodendrocyte differentiation genes in the temporal cortex of 

patients with major depression  (Aston et al., 2005), alterations which are not seen 

with antidepressant treatment  (Wong et al., 2004), suggesting that significant changes 
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to the entire myelin-oligodendrocyte system occur in depression independently of 

medication. These changes however might predict reductions in white matter volume, 

not seen in this study, and thus alternative explanations are warranted. 

 

7.5.5 Potential Role of the HPA Axis 

If it is presumed that these alterations in young adults are not due to age-accumulative 

vascular changes in white matter, the apparent state-related nature of our findings 

suggests that the origins of white matter changes in currently depressed patients may 

lie in the neurohumoral changes that occur with depression, such as those affecting 

the hypothalamic-pituitary-adrenal (HPA) axis. Post-mortem findings, CSF sampling, 

and dynamic endocrine studies suggest that central concentrations of corticotrophin 

releasing factor (CRF) are moderately elevated in a proportion of currently depressed 

patients, and reverse with antidepressant treatment (for review, see  (Mitchell, 1998)). 

Corticosteroids are potentially linked to myelination through their regulation of 

oligodendrocyte differentiation, including the timing of differentiation of precursor 

cells to post-mitotic oligodendrocytes  (Barres et al., 1994), and can also regulate the 

production of myelin sheath components including cerebrosides, proteolipid protein 

and myelin basic protein  (Poduslo et al., 1990, Kumar et al., 1989). Additionally, 

prenatal administration of glucocorticoids is known to delay myelination in the 

callosum  (Huang et al., 2001), and in animal models prenatal corticosteroid 

administration has been shown to significantly increase myelin thickness in class III 

axons in the callosum  (Raschke et al., 2007). Whilst adult studies are lacking, this 

raises the possibility that the callosal expansions seen in CMD patients were driven by 

HPA axis changes, which reversed with remission. In the absence of peripheral or 

central measures of HPA axis function in these patients, this is not a question this 

study is able to answer definitively. 

 

7.6 Limitations 

It is possible that medication usage may account for our findings of differences 

between CMD and PMD subjects, as the CMD group were significantly higher 

antidepressant users at the time of assessment and scanning. However our analyses on 

the depression group as a whole showed no difference between those patients who 

had and those who had not been on antidepressant medication in the preceding six-

month period, suggesting that these changes are not attributable to medication alone. 
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The presence of white matter changes in medication-naïve patients with depression  

(Ma et al., 2007) suggests that such alterations are not medication-related, at least in 

geriatric depression, although volumetric and microstructural alterations to white 

matter may not necessarily be associated. Also, white matter volume increases have 

been reported in response to antipsychotic medication in schizophrenic psychosis  

(Christensen et al., 2004a). Changes in FA and neurometabolites detected with 

spectroscopy in callosal and other white matter in obsessive-compulsive disorder have 

been shown to normalize with citalopram treatment  (Jang et al., 2006, Yoo et al., 

2007), and similar reversal of abnormal white matter metabolites in multiple sclerosis 

have been demonstrated with fluoxetine treatment. However, antidepressant 

medication is not known to affect myelination and oligodendrocyte-related gene 

expression directly  (Wong et al., 2004).  

 

Given the similarities between the findings in the CMD group and those with co-

morbid anxiety, and that the majority of the CMD group (18/26) suffered a co-morbid 

anxiety disorder whereas only a minority of the PMD group (5/28) did, the possibility 

cannot be excluded that these findings were driven predominantly by anxiety, or 

indeed that the anxiety findings were driven by current depression. As with 

antidepressants, there are no studies that have examined the relationship between 

white matter structures in the brain and anxiety disorders in adult patients. In 

paediatric generalised anxiety disorder, white matter volume as a whole does not 

appear to increase  (DeBellis et al., 2000), although selective superior temporal gyrus 

white matter volume increases have been reported  (DeBellis et al., 2002), an 

intriguing finding given that homotopic fibres from this region pass through the area 

of callosal expansion in the CMD group. The lack of similar studies in adults however 

limits generalizability to our population.  

 

The participants were not matched for intelligence quotient (IQ) measures, and CMD 

patients had a significantly lower IQ compared to the other groups. However, baseline 

premorbid IQ, as measured by the WTAR, was not different and BDI measures 

strongly correlated with IQ, suggesting that this was state- rather than trait-related. 

Additionally, our sample was composed of only outpatients, as the recruitment was 

community-based, and thus these results may not be generalizable to severe 

depression. Finally, whilst currently and previously depressed patients are being 
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compared and findings described in the context of changes that may occur with illness 

course, patients were not imaged longitudinally in this study to determine if the 

expansions seen in the CMD group reversed with remission. 

 

7.7 Relationship to Previous Findings in Schizophrenia and Bipolar Disorder 

The findings in this sample suggest that any changes that occur to callosal structure in 

the context of a major depressive episode, or major depressive disorder, differ 

significantly from those seen in established schizophrenia and bipolar disorder. In 

schizophrenia, it is apparent that changes occur initially in the genu, from the 

prepsychotic phase through to first psychosis, and with establishment of illness (and 

possibly illness progression) develop in more posterior regions that connect cortical 

regions known to be implicated in the neuropathology of schizophrenia. However, in 

first-episode psychosis patients with affective disorders (the majority of whom in this 

study had psychotic depression), and in patients with schizoaffective disorder, 

expansions were seen in the posterior callosum, suggesting that affective illness 

appears to result in very different changes in callosal structure to schizophrenia-

spectrum illness. In bipolar disorder, by contrast, global thinning, and 

disproportionate posterior thinning, appears to occur. These apparently specific 

callosal “signatures” of schizophrenia-spectrum and bipolar illness, seen in multiple 

cohorts in each disorder, differ greatly from what has been shown in this section for 

depressed patients.  

 

7.8 Conclusion 

 

Expansions of the corpus callosum in regions connecting frontal, temporal and 

parietal regions are present in currently depressed but not remitted patients, 

suggesting alterations to myelinated structures that are state-related. Such changes 

may be driven by neuroendocrine changes that accompany the development of major 

depression, though this will require further study. A longitudinal approach that further 

characterises the role of white matter structures across the lifecycle of a depressive 

episode, and examines changes in the context of changes in the grey matter 

compartment, is warranted. 
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CHAPTER 7 KEY POINTS 
 

As a whole, patients with major depression do not appear to show significant 

callosal shape differences from controls. However, those patients with current 

depression demonstrate expansions in the posterior body and isthmus that 

connect regions of cingulate, temporal and parietal cortex. These changes are not 

seen in remitted depression, suggesting that this is a state effect. 

 

Similar findings were seen in patients with significant co-morbid anxiety 

disorders, although most of these patients were in the currently depressed group. 

These findings did not appear to be specific to melancholic illness, although our 

small sample size may limit this analysis. 

 

Depressive symptoms and medication status did not show a relationship with 

callosal measures, suggesting that these changes were not medication-related and 

were not proportional to degree of depressive symptomatology. 

  

These findings bear some homology to the findings seen in first-episode psychosis 

patients with depression, and also patients with schizoaffective disorder, 

suggesting that changes in this region may represent a marker for affective 

illness that is morphologically distinct from changes seen in bipolar disorder and 

schizophrenia-spectrum illness. 
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SECTION IV 
 

 

MORPHOLOGY OF THE CORPUS 

CALLOSUM AS A PREDICTOR OF 

OUTCOME IN PSYCHOTIC 

DISORDERS 
 

 

There’s a divinity that shapes our ends, 
rough-hew them how we will. 

 

- William Shakespeare, Hamlet 
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8 CORPUS CALLOSUM SHAPE IN THE TRANSITION TO 

PSYCHOSIS 
 

8.1 Introduction 

In the 20th century, advances in early detection and intervention in cardiovascular 

disease and cancer have resulted in significant reductions to morbidity and mortality, 

and improved quality of life, associated with these two conditions  (Berenson, 2005, 

Adams et al., 2007, Parekh et al., 2006). Because of the substantial disability 

associated with major mental disorders  (Murray and Lopez, 1996), this preventive 

approach has been extended to schizophrenia. Intervention in the prodromal phase of 

schizophrenia and related psychoses may result in attenuation, delay or even 

prevention of the onset of psychosis in some individuals  (Morrison et al., 2004, 

McGlashan et al., 2003). Identifying individuals in whom this approach could be 

undertaken has been through the development and validation of criteria for 

ascertaining individuals at risk for ultra-high risk (UHR) for the onset of psychosis 

and following them over time  (McGorry et al., 2003, Yung et al., 1998a, Yung et al., 

2006). Through improved understanding of the mechanisms of disease onset and 

progression and the facilitation of interventions before the establishment of illness, it 

is hoped that long-term outcome of schizophrenia can be modified, with the aim being 

the reduction of long-term disability associated with the illness.  

As described in chapter 5, a number of potential neurobiological markers that have 

shown validity as variables predictive of later transition to psychosis in UHR 

individuals have been identified, including olfactory identification (Brewer et al., 

2003), verbal and spatial working memory  (Wood et al., 2003, Brewer et al., 2005), 

and hypothalamic-pituitary axis function  (Thompson et al., 2007). Furthermore, a 

small number of neuroimaging variables have shown predictive validity, including 

pituitary volume  (Garner et al., 2005) and anterior cingulate cortex thickness  

(Fornito et al., 2008e), whereas others such as superior temporal gyrus volume  

(Takahashi et al., In Press) have not.  

Given the robust association between reduced genu thickness and schizophrenia-

spectrum psychosis, and its apparent presence across illness stages, described in 

chapters 3-5, this candidate aimed to determine if genu thickness was a robust 
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predictor of transition to psychosis in the UHR group. 

 
 
 
8.2 Study Objectives 

 

The candidate aimed to examine UHR individuals who did (UHR-P) and did not 

(UHR-NP) later transition to psychosis to determine if callosal variables were 

predictive of transition. Given our findings in chapters 3-5 it was hypothesized that: 

• Genu thickness in UHR patients would be predictive of transition to 

psychosis, and 

• Other main callosal metrics (area, length, curvature, mean thickness) would 

not show predictive validity. 

 

8.3 Methods 

8.3.1 Subjects 

The ultra-high risk group (N=100) was recruited from the Personal Assessment and 

Crisis Evaluation (PACE) Clinic, Melbourne, Australia  (Yung et al., 2003b, McGorry 

et al., 2001a) and had not experienced a previous psychotic episode. UHR 

identification criteria have been previously described  (Yung et al., 2003b) and subjects 

were included in the study if they were between the ages of 14-30, psychotropic-

naïve at study entry and had been followed up for at least 12 months in order to 

determine whether they developed a psychotic illness. Of this cohort, 27 individuals 

developed a psychotic illness (UHR-P) and 73 did not (UHR-NP) over the period of 

follow-up. Of those who later became psychotic, 17 developed a schizophrenia-

spectrum illness (UHR-SS). This UHR cohort has been previously described in other 

work (Garner et al., 2005, Velakoulis et al., 2006b). The control participants (n=38) 

were recruited by approaching ancillary hospital staff and through advertisements. 

These subjects were recruited from similar socio-demographic areas as the patients. 

Demographic data (age and gender) was obtained on all subjects, and handedness 

rated with the Edinburgh Handedness Inventory (Oldfield, 1971). Pre-morbid 

intelligence quotient (IQ) was rated using the National Adult Reading Test (NART) 

(Nelson and Willison, 1991). The patient group was rated on the Brief Psychiatric 
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Rating Scale (BPRS)  (Lukoff et al., 1986, Overall and Gorham, 1962) and the Scale 

for the Assessment of Negative Symptoms (SANS) (Andreasen, 1983). 

 

Subjects were screened for co-morbid medical and psychiatric conditions by clinical 

assessment, and physical and neurological examination. Written informed consent 

was obtained from all subjects. The study was approved by the local Research and 

Ethics Committee. Exclusion criteria for patients were: a history of significant head 

injury, seizures, neurological diseases, impaired thyroid function, steroid use or DSM-

IIIR criteria of alcohol or substance dependence. Control subjects with a personal 

history of psychiatric illness or family history of psychosis were excluded. 

 

8.3.2 Magnetic Resonance Scanning 

All subjects were scanned on a 1.5T GE Signa MRI machine.  A three-dimensional 

volumetric spoiled gradient recalled echo in the steady state sequence generated 124 

contiguous, 1.5 mm coronal slices. Imaging parameters were: time-to-echo, 3.3 msec; 

time-to-repetition, 14.3 msec; flip angle, 30°; matrix size, 256 x 256; field of view, 24 

x 24 cm matrix; voxel dimensions, 0.938 x 0.938 x 1.5 mm. Head movement was 

minimised by foam padding and velcro straps across the forehead and chin. This 

scanner was calibrated fortnightly using the same proprietary phantom to ensure 

stability and accuracy of measurements. A numerical code was used to ensure blind 

analysis of data. 

 

8.3.3 Magnetic Resonance Imaging Analysis 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and chapter 2. The measures included in this study were: 

• Total midsagittal callosal area in mm2  

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline 

• Mean anterior genu thickness, averaged across slices 1-4 of the callosum. 

 

 
In addition to the main metrics used in chapters 3-7, a mean genu thickness measure 
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was constructed which was calculated as the averaged thickness over nodes 1-4. 

Reduced thickness in the region of nodes 1-4 was consistently identified in the UHR, 

FESZ and CSZ groups  (chapters 3-5). Cox regression analysis was used to determine 

whether any differences found in the between-group comparison of regional thickness 

were predictive of later psychosis. Transition to psychosis was used as the status 

variable, time to onset (UHR-P) or follow-up period (UHR-NP) as time variable, and 

genu thickness and symptom measures (BPRS and SANS) as covariates. Similar 

analyses were run using other major callosal metrics including area, length, curvature 

and mean thickness across the callosum, each also including symptom measures in the 

model. 

 

 

8.4 Results 

 

Mean thickness in the anterior genu was a significant predictor of transition to 

psychosis (Wald=11.19, β=-0.52, p=0.001, 95% CI=0.35-0.76), suggesting that for 

every 1mm reduction in mean thickness of this region, there was a 52% increase in 

risk for later transition. The symptom scales SANS  (p=0.54) or BPRS (p=0.65) were 

not predictive of transition. Mean genu thickness was significantly lower in the UHR-

P group compared to the UHR-NP group (t=-4.15, p<0.0001, figure 8.1). When 

transition was restricted to those in the UHR-P group who developed a schizophrenia-

spectrum illness (n=17), mean thickness across slices 1-4 remained predictive 

(Wald=5.47, p=0.019, β=0.57). 
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Figure 8.1. Boxplot of mean anterior genu thickness UHR-P and UHR-NP groups. 
 

Other callosal metrics did not show similar predictive validity. Callosal area 

(Wald=1.24, β=-0.003, p=0.266), mean callosal thickness (Wald=0.08, β=-0.083, 

p=0.774), curvature (Wald=0.04, β=-0.435, p=0.844), were not predictive. Callosal 

length showed a trend towards being predictive (Wald=0.33, β=-0.076, p=0.068), 

suggesting that for every 1mm reduction in length, there was a 7% increase in risk for 

later transition. BPRS and SANS measures remained non-significant predictors in all 

analyses. 

 
 
8.5 Discussion 

8.5.1 Summary of Main Findings 

We demonstrated that reductions in the thickness of the anterior genu were predictive 

of transition to psychosis in the high-risk group in a large sample (n=100) of UHR 

subjects. These changes were not seen in other callosal metrics such as mean 

thickness, total area, or callosal curvature. A trend was seen to a shorter callosum 

increasing risk of later transition. 

 

8.5.2 Relationship to Other Imaging Predictors of Transition 

The observed predictive validity of anterior genu thickness is unlikely to be due to 

variations in the UHR-P and UHR-NP groups’ baseline clinical characteristics, since 

genu thickness was predictive of transition to psychosis independent of shared 

variance with baseline symptom ratings. Given that many of the fibres passing 

through the anterior genu connect bilateral orbitofrontal cortices, these findings are 

consistent with findings of impaired olfactory identification in the UHR-P group 
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compared to both UHR-NP individuals and healthy controls  (Brewer et al., 2003). As 

both olfactory identification ability and genu thickness are related to orbitofrontal 

grey matter, it may be that each of these measures separately indexes aberrant 

development of orbitofrontal circuitry that precedes the onset of psychosis. We 

currently have few neuroimaging predictors of transition to psychosis  (Pantelis et al., 

2008).  Pituitary volume  (Garner et al., 2005) and thickness of the right anterior 

cingulate gyrus  (Fornito et al., 2007c) have been identified as predictive of transition 

within this UHR sample, and other groups have shown that medial temporal structures 

are predictive in a genetically high-risk sample  (Lawrie et al., 2002a).  A number of 

these predictors are undergoing dynamic change over the adolescent and early adult 

period, or may be changing with emergence of psychosis  (Pantelis et al., 2008). This 

is best exemplified by changes in the pituitary, as larger pituitary size correlates with 

reduced proximity to transition to psychosis  (Garner et al., 2005). This suggests that a 

number of disparate brain regions and neurodevelopmental processes may be affected 

by the emergence of, or interaction with, psychosis  (Pantelis et al., 2005, Pantelis et 

al., 2007).  

 

8.5.3 Relationship to Other UHR Outcome Studies Examing White Matter 

Other white matter regions beyond the callosal genu have shown to differ in high-risk 

patients who later developed psychosis (see chapter 5) but only one other study has 

examined the predictive validity of white matter structure with regards to outcome in 

UHR individuals. Karlsgodt et al showed that reduced fractional anisotropy (FA) in 

the medial temporal lobe and inferior longitudinal fasciculus predicted deterioration 

(but not psychosis) at 15-month follow-up  (Karlsgodt et al., 2009), although only six 

subjects converted to psychosis, suggesting detection may have been improved with a 

longer follow-up period. At the time of writing, this remains the only analysis that has 

demonstrated white matter changes that are predictive of transition in UHR 

individuals. 

 

 

8.6 Conclusion 

Callosal measures of thickness of the genu may increase our ability to predict which 

individuals identified as being prodromal or at ultra-high risk for the development of 

psychosis will develop a psychotic episode – particularly when combined with other 
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neuroimaging measures such as pituitary volume or thickness of the cingulate cortex. 

Enhancing our capacity to detect individuals who will later develop psychosis may 

allow us to target future interventions appropriately to this critical phase of illness, 

and modify the illness course of psychotic disorders. 
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CHAPTER 8 KEY POINTS 

 
Thickness of the anterior genu, which has been shown to be significantly thinner 

in established schizophrenia, first-episode schizophrenia-spectrum psychosis and 

ultra-high risk individuals who later developed psychosis, appears to be a strong 

predictor of those UHR individuals who will transition to psychosis.  

 

The findings remained similar when the UHR-P group was confined to those 

who developed a schizophrenia-spectrum illness. 

 

Other callosal metrics, such as total callosal area, length or curvature, did not 

show this degree of predictive validity, although there was a trend for a shorter 

callosum to predict transition.  

 

Thinning of the anterior callosum appears to be a stronger predictor than 

symptom levels. 

 

These findings suggest that not only is a thin anterior genu a key marker for 

schizophrenia-spectrum illness at all stages of the lifecycle of a psychotic 

disorder, but that this neuroanatomical feature also may assist in developing 

predictive models for which patients in the high-risk for psychosis phase may 

ultimately develop psychosis. 
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9 CORPUS CALLOSUM SHAPE IN THE OUTCOME OF 

FIRST-EPISODE PSYCHOSIS 
 

9.1 Introduction 

Psychotic disorders, like most major mental disorders, often begin in adolescence or 

early adulthood  (Kessler et al., 2007), and result in significant and functional 

impairment across the course of established illness. Illness course is however quite 

variable. Early studies reported that less than 40% of patients improved after 5-6 

years  (Hegarty et al., 1994). However, a more recent meta-analysis suggests that, 

when attrition rates of less-affected patients and the over-representation of chronic 

and treatment-refractory patients are accounted for, only 27% of patients were 

described as experiencing a “poor” outcome, “intermediate” outcome in 35%, and 

“good” outcome in 42%  (Menezes et al., 2006). A range of different variables have 

been described as predicting outcome, including age of onset, gender, family history, 

treatment response, medication usage, symptom profile and severity, premorbid 

functioning, and duration of untreated psychosis  (Menezes et al., 2006, Verdoux et 

al., 2002, May et al., 1980, Cotton et al., 2009, Larsen et al., 2000, Murray and Van 

Os, 1998, van Os et al., 1997, Robinson et al., 1999a, Schimmelmann et al., 2007). 

Some of these variables are amenable to modification, such as the duration of 

untreated psychosis, which may be reduced through the promotion of early help-

seeking  (Yung et al., 2007). The provision of comprehensive, early intervention 

services for first-episode psychosis, which deliver a combination of assertive 

community treatment, tailored psychopharmacological approaches, social skills and 

vocational training and psycho-education, have shown improved longer-term 

outcomes  (McGorry et al., 1996, Mihalopoulos et al., 1999, Jorgensen et al., 2000).  

  

There is some evidence that neuroimaging changes may be predictive of functional 

and illness outcome. CT studies have shown that an increased ventricle:brain ratio 

was associated with poor rather than good outcome in schizophrenia  (Tandon et al., 

2000, Williams et al., 1985), and that this enlargement progresses over time  (Davis et 

al., 1998), but this has not been demonstrated in all studies  (Willms et al., 1992). 

MRI studies have built on these early findings. Staal et al showed that enlarged lateral 

and third ventricles and reduced grey matter volume, particularly in the PFC, were 
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present in patients who were hospitalized for more than 50% of their illness and 

continuously for the prior few years  (Staal et al., 2001). Mitelman et al found that 

patients with poor-outcome illness, based on social and occupational functioning, 

disorganization and negative symptoms, had smaller temporal and occipital volumes 

than good-outcome patients  (Mitelman et al., 2003), although no other grey matter 

regions, and no white matter regions, differed between the groups. Bushbaum et al 

also showed that good-outcome patients had a larger putamen than poor-outcome 

patients  (Buchsbaum et al., 2003). The only study to specifically examine a white 

matter structure  (Brickman et al) who used a large sample of schizophrenia patients 

divided into good- and poor-outcome on the basis of functional deficits, and found 

that the anterior limb of the internal capsule (ALIC) volumes were reduced in dorsal 

areas, containing frontothalamic fibres, in the poor-outcome patients  (Brickman et 

al., 2006). There are key limitations to retrospective and dichotomous measures of 

outcome in well-established illness, limiting the predictive validity of such studies  

(Waddington, 2007). 

 

In first-episode patients, the relationship of neuroimaging indices to outcome 

following the first episode has been examined by linking neuroimaging findings at the 

time of first-episode to follow-up, and by examining longitudinal changes following 

the  first episode and the relationship of imaging findings to outcome. In longitudinal 

analyses, decreases in grey matter volume have been shown to be strongly correlated 

with diagnosis and clinical outcome as measured on the PANSS at one  (Cahn et al., 

2002) and five years  (Cahn et al., 2006). Progressive ventricular enlargement in FEP 

patients has also been shown to be associated with poor outcome on the SANS and 

CGI  (Lieberman et al., 2001). Robinson et al found that superior temporal gyrus 

volume was negatively correlated with the likelihood and degree of recovery, level of 

social and occupational functioning, and persisting hallucinations at 5-year follow-up  

(Robinson et al., 2004). Hippocampal volume has been shown to be a predictor of 

relapse after first psychotic episode  (Robinson et al., 1999a), although a related study 

showed it did not predict treatment response  (Robinson et al., 1999b). Nakamura et al 

found that FESZ, but not FEAFF, patients demonstrated a relationship between 

progressive neocortical grey matter reduction and outcome as measured by BPRS and 

GAF score  (Nakamura et al., 2007).  
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Only a small number of studies have examined imaging parameters at baseline and 

their predictive validity in relationship to first episode outcome. DeLisi et al showed 

in a group of first-episode schizophrenia patients followed for five years that patients 

with an acute onset and complete recovery tended to have smaller ventricles than 

other schizophrenia patients  (DeLisi et al., 1998). In a prospective study over 5 years, 

smaller temporal lobe grey matter volume at the first episode was associated with 

persistence of hallucinations. However, initial temporal and frontal lobe tissue and 

sulcal and ventricular CSF volumes were unrelated to negative symptoms, extent of 

hospitalisation or psychosocial outcome over follow-up  (Milev et al., 2003). In a 

prospective study over 2 years, Prasad et al found that decreasing volume of the 

dorsolateral prefrontal cortex at first episode of psychosis was associated with poorer 

functional outcome, as measured by social and employment indices, at 1 but not at 2 

years  (Prasad et al., 2005). Wood et al showed that low left prefrontal, but not medial 

temporal, N-acetyl aspartate:creatine ratio (NAAr) was predictive of poor outcome on 

measures such as the GAF, CGI and Social and Occupational Functional Assessment 

Scale (SOFAS), and number of admissions, at 18-month follow-up  (Wood et al., 

2006). One further study failed to find a relationship between neuroimaging measures 

with outcome. In a prospective study over 2 years, total brain volume and volumes of 

cortical grey and white matter, third and lateral ventricles and cerebellum at the first 

or second episode failed to predict outcome in terms of positive or negative 

symptoms, social disability and need for care  (van Haren et al., 2003). One study has 

looked at a specific white matter structure. Wobrock et al examined hippocampus, 

lateral ventricle and internal capsule volumes in 23 patients, defined as good- or poor-

outcome on PANSS scores, and found that only reduced area of the ALIC was 

associated with poor outcome  (Wobrock et al., 2009). 

 

We aimed to extend this limited evidence base regarding the predictive validity of 

neuroimaging measures to determine whether indices of callosal size and shape, 

predicted functional outcome in FEP patients. 

 

9.2 Study Objectives 

We aimed to examine FEP individuals who did (FEP-R) and did not (FEP-NR) remit, 

and those patients who were classified into having an episodic (FEP-E) or continuous 

(FEP-C) course of psychotic illness, from their initial psychotic illness at long-term 
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follow-up. Given our findings in chapters 3-5 and in chapter 8 it was hypothesized 

that: 

• Genu thickness in FEP patients would be predictive of non-remission,  

• Genu thickness in FEP patients in unremitted patients would be predictive of a 

continuous course,  

• Other main callosal metrics (area, length, curvature, mean thickness) would 

not show predictive validity, and  

• Genu thickness would show a correlation with quality of life measures, 

employment indices, and hospitalization rates. 

 

 

9.3 Methods 

9.3.1 Subjects 

The study included two cohorts, each a subset (albeit with minimal overlap) of the 

initial FEP cohort described in section 4.3.1, who were able to be traced, and their 

illness outcome and function examined.  The tracing process (is described in detail 

elsewhere  (Harris et al., 2005, Farrelly et al., 2007). All participants, aged between 

16 and 30, were initially recruited from the ORYGEN Research Centre in Melbourne, 

Australia (ORC) between 1994 and 1999. DSM-III-R  (Association., 1987) diagnoses 

were based on chart review, and structured diagnostic interviews  (McGorry et al., 

1990, First et al., 1997a). Subjects were screened for co-morbid medical and 

psychiatric conditions by clinical assessment, and physical and neurological 

examination. Written informed consent was obtained from all subjects. The study was 

approved by the local Research and Ethics Committee. Exclusion criteria for patients 

were: a history of significant head injury, seizures, neurological diseases, impaired 

thyroid function, steroid use or DSM-IIIR criteria of alcohol or substance dependence. 

 

All first episode psychosis patients who had been through the EPPIC program were 

identified and an attempt made to trace this original FEP cohort (n=559) in the years 

1998 to 2005. A subset of this cohort had originally consented to MRI scanning. 

Participants were traced in chronological order from date of index presentation and 

interviewed a median of 7.9 years (mean=7.9±0.94 yrs) later. An algorithm was 

developed by the study investigators to standardize the procedure for tracing and 

locating participants and to maximize case re-identification. The algorithm steps 
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were: previous ORC research records; the National Death Index; Coroner’s offices; 

the Victorian public psychiatric information system; the national electoral roll; the 

residential telephone directory; psychiatric medical records; and contact details of 

known relatives, friends, clinicians, and colleagues. When a possible location was 

determined, the participant was contacted by letter or telephone and invited to take 

part in an interview. All interviewed participants provided written, informed consent. 

At follow-up, 65.7% (367) of the 559 participants were assessed via interview, 16.5% 

(92) refused invitation to be interviewed, 5.7% (32) were known to be deceased, 

11.6% (65) could not be located or directly contacted for interview, and 0.5% (3) 

were not approached as they had previously refused all further follow-up.  

 

In the first sub-cohort, of the original 110 subjects, 43 individuals were assessed for 

evidence of remission at follow-up. Patients were classified as remitted or non-

remitted at follow-up based on interview with the SCID  (First et al., 2001), and 

reflected symptom levels in the previous one month. Of this group, 27 patients were 

in remission at follow-up (FEP-R), whereas 16 patients did not remit (FEP-NR). 

 

In the second sub-cohort, who were assessed for a different study, 57 individuals 

(FEP2) were  assessed for current symptom levels, quality of life and functional 

outcome. Measures included the Brief Psychiatric Rating Scale-Expanded Version, 

BPRS-E  (Lukoff et al., 1986), the Life Chart Schedule  (Susser et al., 2000, Sarnicola 

et al.), the Schedule for the Assessment of Negative Symptoms, SANS  (Andreasen, 

1983), the Quality of Life Scale, QLS  (Heinrichs et al., 1984), and the Social and 

Occupational Functioning Assessment Scale, SOFAS  (Goldman et al., 1992). 

Additionally, those patients from this cohort who did not remit were classified into 

having either an episodic (FEP-E, n=11) or continuous (FEP-C, n=14) illness pattern. 

 

 

9.3.2 Magnetic resonance scanning 

All subjects were scanned on a 1.5T GE Signa MRI machine.  A three-dimensional 

volumetric spoiled gradient recalled echo in the steady state sequence generated 124 

contiguous, 1.5 mm coronal slices. Imaging parameters were: time-to-echo, 3.3 msec; 

time-to-repetition, 14.3 msec; flip angle, 30°; matrix size, 256 x 256; field of view, 24 
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x 24 cm matrix; voxel dimensions, 0.938 x 0.938 x 1.5 mm. Head movement was 

minimised by foam padding and velcro straps across the forehead and chin. This 

scanner was calibrated fortnightly using the same proprietary phantom to ensure 

stability and accuracy of measurements. A numerical code was used to ensure blind 

analysis of data. 

 

9.3.3 Magnetic Resonance Imaging Analysis 

Brain extraction, registration and callosal extraction were undertaken as described in 

chapter 3.3.3 and chapter 2. The measures included in this study were: 

• Total midsagittal callosal area in mm2  

• Regional callosal thickness at 39 points, in mm 

• The mean callosal thickness, averaged across the callosum, in mm 

• Callosal bending angle 

• Total callosal length, as measured by the length of the mid-spline 

• Mean anterior genu thickness, averaged across slices 1-4 of the callosum. 

 

In addition to the main metrics used in chapters 3-7, a mean genu thickness measure 

was constructed (averaged over nodes 1-4, the region of consistent between-group 

differences in the UHR, FESZ and CSZ groups as described in chapters 3-5).  

 

9.3.4 Statistical analysis 
 

• Analysis One – Comparison of main patient groups (FEP-R vs FEP-NR, and 

FEP-E vs FEP-C) and CTL from first cohort on callosal size and shape.  

• Analysis Two – Analysis in second cohort of relationship between callosal 

size/shape and measures of functional outcome & quality of life. 

 

Analysis for between-group differences (FEP-R vs FEP-NR) in demographic 

variables was undertaken with Chi-square analyses for categorical variables, and 

independent sample t-tests for continuous variables. Unitary callosal measures such as 

total callosal area, callosal length, mean callosal thickness and callosal bending angle 

were compared between groups using one-way t-tests, and correlated against 

symptom, quality of life and functional outcome measures using Spearman’s 
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correlation. For regional callosal thickness, a non-parametric permutation method as 

described previously was used for between-group comparisons and regression 

analyses.  

 

We also ran a Cox regression analysis in the first cohort to determine whether, as in 

the UHR group, differences found in the between-group comparison of regional 

thickness were predictive of later remission. We used transition to psychosis as the 

status variable, time to follow-up as time variable, and genu thickness and symptom 

measures (BPRS and SANS) as covariates. In the second cohort, a similar analysis was 

utilized to determine whether similar variables predicted illness course. 

 

9.4 Results 

9.4.1 Demographic and Illness Data 

There was no significant difference between FEP-R and FEP-NR groups on measures 

of age at first assessment, age at follow-up, premorbid IQ, or follow-up interval. 

There was no significant difference between FEP-E and FEP-C groups on the same 

measures, and also no difference in QOL scale score, number of hospitalizations, or 

any of the employment measures. 

 

9.4.2 Analysis One – Relationship Between Callosal Data and Outcome/Course 

There was no significant between-group difference in measures of total callosal area 

(t=-0.529, p=0.610), mid-spline length (t=0.497, p=0.662), mean thickness (t=-1.436, 

p=0.159) or curvature (t=-0.014, p=0.989, figure 9.1). 
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Figure 9.1. Boxplots of mean and quartiles of callosal area, length, bending angle and mean 
thickness across FEP-R and FEP-NR groups.  

 

However, a significant difference was seen in thickness of the anterior genu, with a 

significantly thicker anterior genu in the FEP-NR group compared to the FEP-R 

group (t=-0.213, p<0.05, figure 9.2). When these groups were compared to the CTL 

sample from section 4, only the FEP-R group differed significantly (t=-2.794; 

p<0.01). The FEP-NR group was not significantly different to the CTL group (t=-

0.416; p=0.680). 

 

 

Figure 9.2. Boxplot of mean and quartiles of anterior genu thickness across FEP-R and FEP-
NR groups. On left, FEP-R and FEP-NR; on right, both groups compared to CTL. * = p<0.05. 
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When the two groups were compared on measures of regional callosal thickness, there 

was no significant difference between the FEP-R and FEP-NR groups (p=0.493, 

figure 9.3). There were also no significant differences when compared to controls. 

 

 

Figure 9.3. Profile plots of regional thickness across the callosum in FEP-R and FEP-NR 
groups from anterior to posterior. On left, FEP-R vs FEP-NR; on right, with CTL group 
included. 

 

In the regression analysis for outcome, callosal area (Wald=1.63, p=0.201, β=0.004), 

midline length (Wald=0.01, p=0.93, β=-0.01) and curvature (Wald=0.05, p=0.82, β=-

0.57) did not predict remitted status at follow-up. In line with our findings that FEP-

NR patients had a thicker anterior genu at follow-up than FEP-R, it was shown that 

genu thickness (across slices 1-4) was a strong predictor of remission at follow-up 

(Wald=5.20, p=0.023, β=0.69), suggesting that for every 1mm of increased thickness 

in the FEP sample, there was a 69% increase in the likelihood of non-remission at 

follow-up. Mean callosal thickness showed a trend towards a similar finding 

(Wald=3.77, p=0.052, β=0.72).  

 

When course of illness was examined, there were no significant differences in callosal 

area (t=0.734, p=0.470), length (t=1.080, p=0.291), curvature (t=0.107, p=0.916), 

mean callosal width (t=0.183, p=0.856) and anterior genu width (t=-1.639, p=0.115) 

between FEP-E and FEP-C. Genu thickness was closest to significance, with FEP-C 

showing a thinner genu (5.584±0.994mm) vs FEP-E (6.216±1.013mm). When these 

groups were compared to controls as above, the anterior genu was significantly 

thinner in the FEP-C group compared to CTL (t=-2.794, p<0.01), whereas the 
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episodic group were not significantly different (t=-0.921, p=0.365, figure 9.4).  

 

 

 

Figure 9.4. Boxplot of mean and quartiles of anterior genu thickness across FEP-R and FEP-
NR groups. On left, FEP-R and FEP-NR; on right, both groups compared to CTL. *=p<0.05; 
Ψ=p<0.10. 

 

When the FEP-C and FEP-E regional callosal thicknesses were compared (figure 

9.5), there was no significant difference between the two profiles (p=0.869). 

Comparing FEP-E to CTL, the profiles were not significantly different (p=0.442). 

When FEP-C was compared to CTL however, there were significant reductions seen 

in slices 1-3 (p<0.001). 

 

 

Figure 9.5. Profile plots of regional thickness across the callosum in FEP-C, FEP-E and CTL. 
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Figure 9.6. Callosal significance maps, showing regions of reduction in FEP-C group compared 
to CTL. 

 

Genu thickness also showed a near-significant predictive validity with regard to 

illness course, with a thinner genu being more predictive of an continuous course 

(Wald=3.61, p=0.058, β=0.69). Course was not predicted by callosal area 

(Wald=0.79, p=0.373, β=-0.01), length (Wald=1.30, p=0.255, β=-0.49), curvature 

(Wald=0.229, p=0.632, β=1.06), or mean thickness (Wald=0.32, p=0.660, β=-0.14). 

 

 

9.4.3 Analysis Two – Effect of Symptom & Outcome Variables on Callosal Shape 

There were no correlations in the second cohort (n=57) between any major callosal 

measure (area, length, curvature, mean thickness or genu thickness) and employment 

measures (number of months worked full time in the follow-up period, and number of 

months worked part-time in the follow-up period, or months worked at all in the 

preceding two years), or illness outcome measures (months in hospital in past two 

years and number of hospitalizations in the last two years), and the QLS score. A 

number of these non-anatomical variables did, however, correlate strongly with each 

other. 

 

Additionally, when these variables were entered into a regression analysis of callosal 

shape, regional callosal width showed no relationship with QLS score (p=0.669), 

months of any form of employment in the preceding two years (p=0.933), or number 

of hospitalizations in the preceding two years (p=0.348). 

 

 

9.5 Discussion 

9.5.1 Summary of Main Findings 

In this study, thickness of the anterior genu demonstrated significant predictive utility 
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when examining the longer-term outcome in FEP patients. Whereas it was predicted 

that a thinner genu would be associated with an outcome of remission at follow-up, in 

fact a thicker genu was associated with non-remission at follow-up. Furthermore, a 

thicker genu was also associated with an episodic rather than continuous course in a 

separate cohort. None of the other main callosal metrics were associated with 

outcome or course measures. When continuous rather than categorical measures of 

outcome of first-episode psychosis were examined at follow-up, none of the callosal 

measures were associated with quality of life, employment and hospitalization 

measures. 

 

9.5.2 Callosal Shape and Remission 

Some of these findings run counter to our initial studies, which showed genu 

reductions in high risk patients who later became psychotic (the majority of whom 

had schizophrenia), first-episode schizophrenia-spectrum patients, and patients with 

established schizophrenia – overall, suggesting that progression to and establishment 

of schizophrenia is associated with genu thinning. In chapter 3 it was shown that 

when comparing FESS patients with CSZ patients, there was no difference in shape at 

the level of the genu, suggesting that changes in this region occur early in the 

development of the illness, and do not progress with establishment of illness (or in the 

subset of FESS patients who progress to established illness and do not remit). The 

findings in this study are suggestive that those who go on to develop schizophrenia 

have genu changes that are not significantly different from controls, and that it is the 

group who do not develop an established illness have a thinner genu. It is important to 

acknowledge that the findings in chapters 3-5, whilst strongly suggestive of changes 

that are present across the illness cycle, are not truly longitudinal, as they represent 

multiple cross-sectional studies taken at different points in the illness cycle. It is 

possible that the changes that occur in the first psychotic episode are more dynamic 

and complex than our earlier findings suggest. One explanation is that changes seen in 

the genu in patients with established illness are not in fact present at the first episode, 

and that changes seen in the first-episode patients who ultimately remit are driven by 

an entirely separate neurobiological process, one that is distinct from those patients 

who ultimately develop established schizophrenia. This would indicate that genu 

thickness is the final common pathway for very separate changes that occur in good- 

and poor-outcome schizophrenia. Divergent and unexpectedly paradoxical findings 
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like this in first episode patients have been previously reported. DeLisi et al’s follow-

up study showed that patients with acute onset and complete recovery had smaller 

ventricular volumes as expected, but a subgroup analysis of the patient group 

suggested that there may be a group of patients in whom larger ventricular size 

correlates with a better outcome as measured by BPRS and GAF scores  (DeLisi et 

al., 1998).  

 

Another possibility is that changes occurring in the genu reflect a number of evolving 

neurobiological processes that co-occur with the transition from the high-risk state 

into first-episode psychosis, and, in those patients who ultimately develop established 

schizophrenia. This suggests that changes occurring in the high-risk state are 

supervened by those that occur at first psychotic episode, and which themselves are 

supervened by processes associated with establishment of chronic illness, and all of 

these resulting in varying neuroanatomical change reflected in the anterior genu of the 

corpus callosum. 

 

An important caveat to note in this subsample of the FEP group is that the data for 

remission applies to the month prior to follow-up interview only. It does not 

necessarily reflect that the patients classified as remitted do not have established 

schizophrenia, and can be seen as a significant weakness in this data. Given that only 

a limited dataset of the original sample were able to be followed up, it is possible that 

this dataset is skewed by biases that are not readily apparent in the demography of the 

sample (for example, it may be that those patients who are most itinerant, have had 

negative health outcomes or who have suicided are under-represented in the sample 

studied). Whilst it is clear that, in this sample as in other samples, these two groups 

may cleave neurobiologically at the anterior genu of the corpus callosum, it may be 

that they are in fact not truly representative of good-outcome or poor-outcome illness. 

 

9.5.3 Callosal Shape and Illness Course 

The second analysis results are less counter-intuitive, more in line with our previous 

findings, and come from a different subsample of the original FEP group. Its findings, 

suggestive that patients with established illness who have a continuous course have a 

thinner genu, appear to have more face validity when taken in the context of the 

findings in chapter 3, where significant changes at the level of the anterior genu were 
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demonstrated in patients with established illness. A number of possibilities may 

explain how these findings link in with the findings in the CSZ group. It is possible 

that patients who have a more continuous course of illness may have an illness whose 

neurobiological underpinnings are quite distinct from patients with an episodic course 

of illness. This raises the prospect that alterations at the level of the genu may define a 

distinct subgroup of patients with a separate pathology from those patients with a 

continuous illness course. We do not have data on our CSZ group that defines illness 

course in this way, and thus are unable to do subgroup analysis on this sample with 

regards to callosal structure. The results of this current analysis suggest that itwould 

be worthwhile to determine if the findings that FEP-C and FEP-E are distinct at the 

level of the callosum are maintained in established illness.  

 

9.5.4 Genu Thickness: A State Phenomenon? 

Furthermore, it is possible that the lack of genu thickness alterations in patients with 

episodic illness indicate that genu changes are a state phenomenon, with reductions 

only occurring in the acute phase of illness. There is only very limited evidence of 

state-related changes in volume in schizophrenia. Garver et al found that, when 

following schizophrenia patients through from psychotic episode to remission, that 

reductions occurred in ventricular volume in an episode of psychosis that reversed in 

remission  (Garver et al., 2000). Strungas et al found that patients with schizophrenia 

in active psychosis had smaller thalamic volumes than matched controls, and that 

antipsychotic-responders (treated with 4mg of risperidone over 4 weeks) showed an 

increase in volume bilaterally whereas non-responders showed a continued decrease  

(Strungas et al., 2003). Strikingly similar changes in white matter were reported by 

Christensen et al, who examined total white matter volume in patients with 

schizophrenia treated during a psychotic episode with antipsychotic medication, and 

found that non-responders showed an increase in white matter whereas patients who 

responded to antipsychotics showed a decrease  (Christensen et al., 2004a), raising the 

possibility that white matter changes in psychosis through remission may be driven 

partly by illness-related processes and partly by medication-induced change. Clearly, 

longitudinal studies that not only occur across the lifecycle of psychosis (from pre-

psychotic to first psychotic to established psychotic stage), but that follow patients 

throughout multiple illness states, examining multiple brain regions and correlating 

these with clinical variables are warranted.  
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9.6 Conclusion 

We have demonstrated that genu thickness, above all other callosal measures, appears 

to predict long-term outcome of first-episode psychosis, and to differentiate between 

patients with continuous or episodic illness. The paradoxical findings of a thicker 

genu being predictive of non-remission may reflect a more dynamic series of 

processes occurring at the level of the genu than indicated in our prior analyses, but 

may also be the result of methodological issues in this particular sample. However, 

that a thinner genu appears to be predictive of a more continuous course of illness for 

the entirety of the eight years following first episode appears to be in line with our 

previous findings of anterior genu thinning being a strong marker for the development 

of a schizophrenic illness over time. 
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CHAPTER 9 KEY POINTS 

 
In two long-term follow-up studies of first-episode psychosis, genu thickness 

appears to have predictive validity with regards to outcome at a mean of 8 years 

after first episode.  

 

In the first follow-up cohort, a thicker genu predicted non-remission at follow-

up. This may suggest that the genu is a site of a number of differing and dynamic 

processes that occur prior, during and subsequent to the first episode. However, 

the clinical data referred to illness status in the month preceding follow-up only, 

rather than the entire interval between first psychosis and follow-up, and thus 

may not be representative. 

 

In a separate cohort, a thinner anterior genu demonstrated predictive validity 

for a continuous rather than episodic course in the entire interval between first-

episode and follow-up, suggesting that a thinner genu is a marker for a more 

severe and unremitting illness. Additionally, patients with a continuous course 

showed reductions in the anterior genu compared to those with an episodic 

course in a shape analysis.  

 

These findings, when combined with findings from chapters 3-5 and chapter 8,  

suggest that a thin anterior genu is a key marker for schizophrenia-spectrum 

illness at all stages of the lifecycle of a psychotic disorder, and that this marker 

has predictive validity throughout the lifecycle of a psychotic illness: in transition 

from the high-risk state to first-episode psychosis, and in the nature of the 

psychotic disorder than ultimately develops.  
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SECTION V 
 

 

CALLOSAL SIGNATURES IN 

SCHIZOPHRENIA: DISCUSSION 

AND CONCLUSIONS 
 

 

In so far as the statements of geometry 
speak about reality, they are not certain; 
and in so far as they are certain, they do 
not speak about reality. 

 

- Albert Einstein 

 

 



 284 

 

 

 

 

 

 

 



 285 

10 DISCUSSION 
 

This thesis explored the morphology of the corpus callosum on structural magnetic 

resonance imaging (MRI) in patients with schizophrenia, from the pre-psychotic 

phase, through to first-episode of psychotic illness, and then to established 

schizophrenia, before comparing these changes with those seen in major affective 

disorders and finally examining the predictive utility of measures of callosal shape on 

outcome in the transition between these stages.  

 

The first analysis was in established schizophrenia, using first episode schizophrenia 

as a comparator group (chapter 3). For patients with established illness, the broader 

age range (particularly compared to the UHR and FEP cohorts) allowed for an 

examination of the interaction between illness and age. We then examined a first-

episode psychosis (FEP) group, compared to controls, to determine if these changes 

were also present at first-psychotic episode, and whether first-episode schizophrenia-

spectrum patients differed from patients with an affective psychotic illness (chapter 

4). At the pre-psychotic phase, ultra-high risk (UHR) individuals who did and did not 

progress to a psychotic illness were compared, to determine if callosal morphometry 

separated these two groups from each other and controls (chapter 5). 

 

This thesis then examined patients with bipolar disorder from two geographically 

disparate cohorts, to determine if these findings were specific to schizophrenia, or 

were seen in other major mental disorders (chapter 6). By examining patients with 

major depression, the candidate sought to further determine if the callosal 

morphometry seen in schizophrenia differed from the entire affective disorder 

spectrum (chapter 7).  

 

Returning to our psychotic cohorts, through accessing follow-up data on the UHR and 

FEP cohorts, the predictive value of changes seen in these groups to the outcome of 

the high-risk, and to the outcome of first-episode psychosis, were examined (chapter 

8). 

 

In this chapter the results of these studies are summarised, and will be followed by a 

discussion of the findings with regards to their relevance to understanding the 
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pathophysiology of schizophrenia and its neurobiological differentiation from other 

major mental disorders. Limitations of the study and suggestions for future research 

are also considered. 

 

 

10.1 Established & First-Episode Schizophrenia 

 
This study (chapter 3) examined 86 patients with established/established 

schizophrenia (CSZ), 76 individuals with first-episode schizophrenia (FESZ) and 55 

controls (CTL). There were no significant differences in total callosal area between 

these groups, although there was a group by gender effect, with the gender 

dimorphism (larger area in females) reduced significantly in schizophrenia. 

Additionally, the effect of age seen in healthy controls, with an expansion into early 

adulthood followed by a further reduction, was lost in the established schizophrenia 

patients across the same age range. We did not detect between-group differences in 

total callosal area. Other main callosal metrics showed that established patients had 

longer, thinner and more angulated CC, with the most significant effect being on 

callosal bending angle. 

 

When regional callosal thickness was examined, the CSZ group showed reductions in 

the anterior and posterior genu and in the region of the isthmus in comparison to 

control subjects. In the FESZ patients, this difference was seen only in the anterior 

genu. When the FESZ group was broken into respective subgroups, the 

schizophreniform group did not show the reductions seen in the first-episode 

schizophrenia group in the anterior genu, suggestive of a change that occurs across 

the period of the first episode of schizophrenia. In the schizoaffective disorder group, 

what was notable was that the reductions at the level of the genu were identical to the 

schizophrenia group, but this group showed posterior callosal expansions. This 

suggests the effect of two separate diatheses, and was notable in light of the findings 

in chapter 8, where depressed patients showed not dissimilar posterior callosal 

expansions. 

 

When illness and medication variables were examined, medication dosage was not 

related to regional thickness or any measure, other than demonstrating a negative 
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correlation with curvature in the CSZ group, suggesting that those patients with more 

curved callosa were treated with higher dosages of medication. Curvature was also 

correlated with negative symptoms in this group, with those patients showing more 

negative symptoms having a more upwardly bowed callosum; again however 

symptoms showed no regional effect on shape. 

 

This study was the first of its type to examine the topography of the callosum in both 

first-episode and established schizophrenia patients using the same methodology, thus 

redressing one of the major limitations in callosal research in psychotic disorders  

(Arnone et al., 2008b). This showed that changes seen in established illness, the most 

studied stage of illness, were present at first-episode at the level of the genu, which 

carries ventral/medial prefrontal fibres  (Pandya and Rosene, 1985, Pandya and 

Seltzer, 1986a). However, it was shown that further reductions in regions connecting 

cingulate, superior temporal and posterior parietal fibres in the schizophrenia group 

only, suggesting that the patients that go on to established illness may have more 

extensive changes than those who do not. It may also suggest that a separate set of 

changes occur at first-episode, affecting frontal regions and their interconnections, 

whereas changes that occur with the establishment of illness affect temporal and 

parietal regions.  

 

Whilst this study has no direct comparators in the literature that included first-episode 

and established illness patients, the large meta-analysis by Arnone et al examined 

total callosal area in both groups, finding a reduction at first-episode and a later 

expansion with chronic illness  (Arnone et al., 2008b). Whilst these findings could be 

seen to conflict with those in this study, it should be noted that this meta-analysis only 

examined total callosal area. We did not find that total callosal area differed 

significantly across groups and illness stages. Furthermore, the differences in how the 

relationship between callosal area and brain size is handled in each study (see chapter 

2.5) may significantly affect the comparability of the results of these studies.  

 

Arguably the only methodology that could clearly resolve how patients with first-

episode schizophrenia and established illness differ would involve longitudinal 

assessment over the course of the illness, essentially decades. The recency of MRI 

technology has not yet permitted this to occur, and the maturation of scanner 
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technology makes cross-scanner imaging comparisons different, particularly at 

differing field strengths. Given the absence of such longitudinal studies, this thesis 

significantly contributes to the literature regarding the role of the corpus callosum in 

the evolution of schizophrenia from first-episode to established illness. 

 

 

10.2 First-Episode Affective & Schizophrenia-Spectrum Psychosis 

 

In this study (chapter 4) the same callosal metrics in a cohort of FEP patients 

(n=110) were examined and compared to a group of matched controls (CTL, n=36). 

This first-episode group was made up of 34 patients with affective psychotic illness, 

and 76 with schizophrenia-spectrum psychosis.  

 

As in chapter 3, total callosal area did not show between-group differences. Unlike 

the prior analysis however, there was no group by gender interaction when total area 

was examined. Again, regional callosal thickness showed significant differences 

across groups, with reductions seen in the anterior genu when the FEP group as a 

whole was compared to CTL. When the FEP group was divided into affective and 

schizophrenia-spectrum subgroups, only the latter showed changes in the anterior 

genu. The affective group did not differ from controls in callosal shape. This was seen 

across all sub-types of the schizophrenia-spectrum group, including the 

schizophreniform group. When the affective group was separated into bipolar and 

depressed psychotic patients, the callosal expansions were most prominent in the 

depressed group, showing expansions in the body, isthmus and splenium, much like 

the first-episode schizoaffective disorder group, and the depressed group in chapter 

8. 

 

When the relationship between age and callosal area was examined, the relationship 

between age and area seen in controls was seen in the schizophrenia-spectrum group 

but not in the affective group. When the effect of age on callosal shape was examined, 

only the FESS group showed a relationship, with a positive relationship across the 

anterior half of the callosum and splenium, an effect not shown in the affective group. 

Medication dosage did not affect main measures or regional thickness. 
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That first-episode schizophrenia-spectrum, but not first-episode affective psychosis, 

patients only showed anterior callosal changes suggests that the changes we have seen 

at the level of the genu are schizophrenia-specific changes, at least in first-episode 

illness. This argues against the notion that psychotic bipolar disorder is 

“schizophrenia-like” and distinct from non-psychotic bipolar disorder  (Potash, 2006), 

and is supportive of the classical Kraepelinian separation of the two disorders  

(Kraepelin, 1919a). We have demonstrated divergence between these two groups of 

first-episode psychosis patients at the level of the callosum, which has been similarly 

demonstrated at the level of the medial temporal lobes  (Kasai et al., 2003, Velakoulis 

et al., 2006a) and the anterior cingulate  (Fornito et al., 2007b, Fornito et al., 2008d). 

The only similar study to have been conducted similarly suggests that these groups do 

diverge at the level of callosal shape  (Frumin et al., 2002), supporting our findings. 

That these findings show some homology to those detected in established 

schizophrenia supports the notion that there are schizophrenia-specific findings that 

are not present in affective disorders. This notion was  further  examined in later 

chapters examining bipolar disorder and major depression. 

 

Notably, results suggestive that patients with schizoaffective disorder show the 

apparently schizophrenia-specific changes seen in “pure” schizophrenia at the level of 

the genu were found (chapter 3), as were other changes in the posterior callosum that 

bear some homology to changes seen in patients with major depression (chapter 7). 

This supports the intriguing notion that patients with schizoaffective disorder, at least 

at first presentation, show both “schizophrenia-spectrum” and “affective” changes 

together, again consistent with some of Kraepelin’s ideas that this disorder appeared 

to share features of both disorders  (Kraepelin, 1920) – features which may be 

mirrored by the callosal changes described. Ideally, a cohort of established 

schizoaffective disorder patients would also be examined, but this was not available 

during the duration of this thesis work. 

 

 

10.3 Ultra-High Risk Individuals 

 

In chapter 5, a cohort of ultra-high risk (UHR) patients (n=100) who were judged to 

be at high risk of developing a psychotic illness, but who were not yet psychotic were 
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analysed. This cohort, 27 of whom became psychotic after at least 12 months’ follow-

up, were compared with with matched controls (n=38). The whole UHR group did not 

differ from the CTL subjects in any of the main callosal measures, with a trend to a 

reduction in thickness in the genu. Subgroups of the UHR group did not differ on 

major metrics, although regional callosal thickness did differentiate the subgroups. 

The group who later developed psychosis (UHR-P) showed reductions in the anterior 

genu, whereas the group that did not later develop psychosis (UHR-NP) did not. 

There were no differences across main callosal metrics between the two groups, but 

regional thickness revealed a significant reduction across the anterior genu. When this 

UHR-P group was limited to those who later developed a schizophrenia-spectrum 

illness, changes were again seen in the anterior genu. 

 

The correlations between age and area in the controls was again not seen in the UHR-

group as a whole or either of its subgroups. A strong effect of age on regional 

thickness was seen across all groups, affecting mainly the genu and splenium. 

 

The finding of reduced anterior genu thickness in first-episode and established 

schizophrenia (chapter 3) and in pre-psychotic individuals suggests strongly that the 

anterior callosal changes occur prior to psychosis onset. We cannot determine 

whether these changes represent early neurodevelopmental changes (occurring in the 

intrauterine period during earliest neurodevelopment), which are known to effect 

white matter structures  (Fatemi et al., 2005, Fatemi et al., 2008) or whether they 

reflect alterations in grey matter volume that may occur during the late 

neurodevelopmental period, leading up to the first psychotic episode  (Job et al., 

2005). Changes in the late-maturing genu, whose developmental cycle is longer than 

other regions  (Lebel et al., 2008, Thompson et al., 2000), may interact with processes 

occurring in the period leading up to and through the prepsychotic phase. This is 

consistent with work from this author showing baseline changes in frontal white 

matter  (Walterfang et al., 2008a), and progression with the development of psychosis 

in prepsychotic patients.  These white matter changes marry with similar changes that 

occur in frontal grey matter in the same cohort  (Pantelis et al., 2003b). 

 

The findings in the anterior genu suggest that the changes seen in patients with first-

episode and established illness are present prior to the onset of psychosis, and builds a 
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picture that schizophrenia-specific changes are the result of alterations to normal 

neurodevelopment. Whether these changes occur early or late in neurodevelopment 

remains unclear, and is likely to require large-cohort longitudinal studies that 

commence some years prior to psychosis onset. 

 

 

10.4 Bipolar Disorder 

 

In chapter 6, the specificity of findings in illnesses within the schizophrenia spectrum 

were tested. In chapter 5 it was shown that affective psychotic disorders did not share 

the changes seen in the callosal genu, and that schizoaffective disorder patients 

appeared to demonstrate intermediate pathology between psychotic and affective 

illness. Following on from this work, the next stage of the thesis examined patients 

with bipolar disorder in which a number of studies have suggested changes to the 

structure of the callosum occur in bipolar disorder  (Arnone et al., 2008a). Very few 

studies have used identical image analysis technologies across both illnesses, and the 

candidate aimed to compare the findings in schizophrenia across illness stages to 

bipolar disorder. 

 

In our first cohort, it was demonstrated that bipolar patients showed significant shape 

changes compared to healthy controls. They showed an overall thinner callosum, and 

a greater reduction occurring in the posterior callosum (at the level of the splenium) 

rather than the anterior callosum, as had been demonstrated in schizophrenia-

spectrum illness. Duration of illness did not affect size or shape measures. We did not 

see a difference between psychotic and non-psychotic patients, although patients with 

a family history of mood disorders showed an unexpectedly larger callosal area than 

those without, suggesting our group-level findings were perhaps not explained by 

genetic factors.  

 

We extended our work in bipolar patients to a second, larger sample, which included 

unaffected first-degree relatives. We corroborated our findings from the first sample, 

demonstrating a globally thinner callosum in bipolar patients compared to controls, 

and again showed extra-genual reductions beyond the overall thinning, albeit in the 

anterior mid-body rather than the splenium. Additionally, psychotic and non-
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psychotic patients did not appear to differ. Notably in this study, lithium-treated 

patients showed a partial amelioration of the thickness differences, in the same region 

that patients showed a disproportionate degree of thinning, and where they 

demonstrated an inverse relationship between duration-of-illness and regional 

thickness. One corollary with schizophrenia was the loss of the quadratic relationship 

with age, with patients showing a loss of the normal expansion in callosal area in 

early adulthood and reduction thereafter.  

 

Bipolar disorder is a major mental illness, which bears some homology to 

schizophrenia in its incidence, origins and associated disability. Like schizophrenia, 

bipolar disorder has a lifetime population prevalence of approximately 1%, with both 

disorders associated with poor premorbid social functioning, onset in early adulthood, 

a strong genetic basis, and response to major tranquilisers  (Adler and Strakowski, 

2003, Berrettini, 2000, Cannon et al., 1997, Cardno et al., 2002, Demily et al., 2009, 

Moller, 2003, Murray et al., 2004a, Craddock et al., 2005, Craddock et al., 2006b, 

Craddock and Owen, 2005b). Whilst there are some “general” commonalities, there 

are a number of more specific differences, including changes in the medial temporal 

lobe, poorer premorbid IQ and poorer functional outcome in schizophrenia, and 

different patterns of cognitive impairment  (Barch et al., 2002, Gilvarry et al., 2000, 

Marneros et al., 1990, Strakowski et al., 1999).  

 

These findings were mirrored in two recent meta-analyses of structural MRI findings 

in bipolar disorder and schizophrenia, which suggested a degree of overlap, but also 

some diagnostic specificity  (Arnone et al., 2009, Ellison-Wright and Bullmore, 

2010). Ellison-Wright and Bullmore pooled forty-two schizophrenia and fourteen 

bipolar studies, showing that schizophrenia patients showed extensive gray matter 

deficits in frontal, temporal, cingulate and insular cortex and thalamus, and increased 

gray matter in the basal ganglia. Bipolar disorder patients demonstrated gray matter 

reductions in the anterior cingulate and bilateral insula which substantially overlapped 

with areas of gray matter reduction in schizophrenia, except for a region of anterior 

cingulate where gray matter reduction was specific to bipolar disorder. Thus, bipolar 

patients showed changes in paralimbic regions, whereas schizophrenia patients 

showed changes in these regions in addition to limbic and neocortical regions  

(Ellison-Wright and Bullmore, 2010). Arnone et al conducted a meta-analysis of 
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bipolar disorder studies, and used meta-regression techniques to compare bipolar 

disorder findings to those in schizophrenia. They found that bipolar patients shared 

some prefrontal and whole-brain findings, but that they had smaller ventricles and 

larger amygdalae than schizophrenia patients  (Arnone et al., 2009). 

 

Arnone et al have also undertaken meta-analyses on callosal structure in both 

schizophrenia and bipolar disorder, although only using measures of total mid-sagittal 

area, which may be insensitive to the regional changes demonstrated. In 

schizophrenia, patients showed reductions in area compared to controls, an effect 

which was most pronounced at first-episode rather than with established illness, 

implicating an attenuating effect of chronic antipsychotic treatment  (Arnone et al., 

2008b). The effect size overall in the sample was -0.24 (95% CI: -0.40, -0.07). In a 

similar meta-analysis in bipolar disorder, patients showed overall reductions 

compared to controls  (Arnone et al., 2008a), with an effect size of -0.52 (95% CI: -

0.82, -0.21). This is consistent with the notion that callosal size changes may be a 

non-specific marker of major mental illness such as schizophrenia and bipolar 

disorder (much like changes in paralimbic cortical regions), but that there are more 

specific changes affecting other regions. This is generally in line with our results, 

showing some changes common to both disorders: this includes the normal 

developmental trajectory of callosal size being altered through, presumably, an 

illness-age interaction, and reductions seen in regions connecting anterior cingulate 

zones in both schizophrenia and bipolar patients. However, there appear to be more 

specific regional changes that occur in schizophrenia (reductions in the genu) that are 

not present in bipolar disorder. Overall, our findings suggest that whilst both 

schizophrenia and bipolar disorder show changes in the callosum, it is the pattern of 

these changes as revealed by shape analysis that allows for a dissection of the 

neuroanatomical features these illnesses have in common from those where they 

diverge.  

 

 

10.5 Major Depression 

 

We extended on the work from chapter 6 by extending our methodology to a sample 

of patients with a history of major depression, thus allowing us to determine if 
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alterations seen in bipolar disorder were also present in major depression. The nature 

of the sample allowed us to differentiate changes that occurred in patients with current 

depression from those with remitted depression. Only currently-depressed patients 

showed alterations to callosal shape. In contrast to patients with bipolar disorder, they 

showed expansions at the level of the posterior body and isthmus, consistent with at 

least one study showing increases in white matter volume in parietal regions  

(Salokangas et al., 2002). Intriguingly, the location of these expansions matched those 

in the first-episode psychotic depression patients (see figure 4.6) and schizoaffective 

disorder patients, most of whom were depressed (see figure 4.7) (chapter 4). This 

suggests that dynamic changes in depressive illness, whether or not it is comorbid 

with or a component of a schizophrenia-spectrum illness, appear to result in posterior 

callosal changes, and expansions rather than reductions in thickness. Putative 

mechanisms for this were outlined in chapter 6, although no studies have thus far 

shown conclusively a relationship between neuroimaging volume changes and HPA 

axis disruption in major depression.  

 

The lack of findings in previously-depressed patients suggests that these expansions 

are state related, as opposed to our findings in schizophrenia and bipolar disorder, 

which generally were not related to symptom levels in any study. This suggests that 

patients with severe mental illness show pervasive alterations to callosal shape, with 

patients with depression showing state-related alterations instead. Confirming that this 

is in fact the case in depression would involve longitudinal study, beyond the scope of 

this thesis. However it is suggestive of a “hierarchy” in impact of the neurobiology of 

illness on callosal structure, with major mental disorders showing pervasive structural 

changes, which differ according to the unique neurobiology of the illness, and other 

mental disorders showing less pervasive but more state-related changes, and in 

distinctly different regions. 

 

These findings begin to suggest a picture of a callosal shape “signature” that is unique 

to each of a number of major mental illnesses, and whose stability over illness course 

varies in accordance with the underlying pathophysiology of the illness. Callosal 

shape appeared to cleave major mental disorders from each other, and differing types 

of affective disorders. Our callosal shape findings also suggest that psychotic bipolar 

disorder and schizophrenia are in fact relatively distinct neurobiologically, and that 
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schizoaffective disorder may be the result of both schizophrenia-spectrum and 

affective diatheses, or be an intermediate phenotype between these broad illness 

groups. 

 

 

10.6 Predicting Psychosis in High-Risk Individuals 

 

In chapters 3-5 changes in the anterior genu were demonstrated in established 

schizophrenia, which are present at the first episode of schizophrenia-spectrum 

psychosis, and are present in the pre-psychotic phase. This suggests that these 

changes are (potentially late) neurodevelopmental in origin, and may be an early 

marker for the development of psychotic illness. In chapter 8 this candidate 

examined whether genu thickness in the high-risk group demonstrated predictive 

validity for the later development of psychosis in this population. It was found that 

thickness in the anterior genu in the nodes shown to be altered across the lifecycle of 

schizophrenia-spectrum psychosis was highly predictive of transition to psychosis, 

with every 1mm reduction in mean thickness of this region conferring a 52% 

increased risk for later transition to psychosis at follow-up. When this analysis was 

restricted to the group that developed a schizophrenia-spectrum illness, mean anterior 

genu thickness remained highly predictive. 

 

The development of pre-psychotic markers may prove to be useful future tools to 

prevent psychosis onset or attenuate the first psychotic episode with the aim of 

altering illness course. In this high-risk sample, pituitary volume and right anterior 

cingulate gyrus thickness have also been shown to predict transition to psychosis  

(Fornito et al., 2007c, Fornito et al., 2008e, Garner et al., 2005). A range of other 

high-risk samples have been assessed to identify other neuroimaging predictors of 

transition. In a meta-analysis of recently published studies, Smieskova et al examined 

25 studies, and found small-to-medium effect sizes for decreased prefrontal, 

cingulate, insular and cerebellar gray matter volume in patients who later developed 

psychosis, in addition to reduced prefrontal activation and reduced neuronal density 

and increased membrane turnover in prefrontal/cingulate regions  (Smieskova et al., 

2010). Very few studies, other than those on this UHR cohort, have examined directly 

the predictive validity of neuroimaging markers via longitudinal follow-up. Rather, 



 296 

the bulk of these studies have compared, at baseline, those patients who did and those 

who did not later develop a psychotic illness. 

 

Few studies have examined the role of white matter structure or integrity in 

differentiating high-risk individuals on the basis of psychotic outcome. While the 

aforementioned meta-analysis included this author’s VBM work on white matter in 

pre-psychotic subjects  (Walterfang et al., 2008a), it unfortunately did not include the 

work from chapter 8, which had been published  (Walterfang et al., 2008g). Peters et 

al examined 17 male UHR individuals, 7 of whom developed psychosis at 24-month 

follow-up, and found no difference in fractional anisotropy in a variety of white 

matter tracts, including the corpus callosum  (Peters et al., 2010). Bloemen et al 

examined 37 UHR individuals (10 of whom developed psychosis) over 24 months of 

follow-up and found that later-psychotic individuals showed reductions of fractional 

anisotropy in medial frontal white matter regions compared to controls, and in 

subcortical and left temporal regions compared to UHR-NP individuals  (Bloemen et 

al., 2009). However no other study has utilized a Cox regression analysis, which 

examines outcome (in this case, transition to psychosis) but also incorporates the time 

it takes for the specified outcome to occur. This method arguably is a “true 

predictive” model for the relationship between a variable such as genu thickness and 

transition to psychosis. These findings suggest that genu thickness may not only be a 

marker for a predisposition to a schizophrenia-spectrum psychotic illness, but also can 

act as a key component of a predictive model for transition to psychosis in high-risk 

individuals. 

 

 

10.7 Predicting the Long-Term Outcome of First-Episode Psychosis 

 

Given the predictive validity of genu thickness in high-risk patients’ transition to 

psychosis, in chapter 9 the candidate sought to follow-up the findings in chapter 4 

on first-episode psychosis patients to determine if, similarly, this anterior callosal 

marker showed predictive validity in the outcome of first-episode psychosis patients. 

Two sub-cohorts of the original n=110 sample from chapter 4 were examined, each 

of whom were followed-up at a mean of 8 years in two different ways. The first 

cohort, whose symptoms in the month prior to follow-up were assessed, showed that 
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symptoms indicating non-remission in the month prior to assessment were predicted 

by a thicker genu. However, the second cohort’s outcome at follow-up was 

characterized by a measured illness course between study entry and long-term follow 

up (thus arguably being more reflective of long-term outcome than symptoms in the 

month prior to follow-up), and a thinner genu was predictive of a continuous rather 

than episodic course, arguing that reductions in the anterior genu are predictive of a 

continuous course and thus poorer outcome. These latter findings could be seen to be 

consistent with the findings in chapter 3, where patients with established 

schizophrenia showed significant and marked genu reductions. It may be that a 

thinner genu is a marker for patients who are likely to have a poor outcome and 

develop a chronic, unremitting and continuous illness, rather than remit, or have a 

more episodic course of illness. These results build on those of chapter 8 suggesting 

that anterior callosal thickness shows predictive validity in the early stages of 

psychotic disorders. 

 

 

10.8 Implications for Neurodevelopmental and Related Models of 

Schizophrenia 

 

One of the strengths of this thesis is its examination of multiple illness stages in major 

psychotic illness. By examining high-risk, first-episode and established patients, a 

whole-of-illness model of schizophrenia that takes into account changes that occur in 

transition to frank psychosis and the progression to established illness has been 

developed  (Pantelis et al., 2003c, Pantelis et al., 2005), suggesting that excessive 

(including neurodegenerative) brain changes occur concurrently with clinical changes 

manifesting in frank psychosis. These brain changes may reflect disruption to normal 

neurodevelopmental trajectories that proceed through adolescence and early 

adulthood, with these maturational processes (increased myelination, synaptic 

proliferation and pruning) proceeding anteriorly until they complete in the prefrontal 

cortical region  (Paus, 2005, Paus et al., 2001, Paus et al., 1999). These perturbations 

to normal neurodevelopment may interact with other causative factors associated with 

the onset of psychosis (including substance use and psychosocial stress) to 

particularly affect medial temporal and orbitofrontal regions in early psychosis  

(Pantelis et al., 2005). Whilst medial temporal cortex does not connect 
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interhemispherically through the callosum, the orbitofrontal cortex connects 

interhemispherically through the anterior genu region. This region has been shown 

consistently in this thesis to be reduced across all illness stages, and to predict 

transition and outcome of first psychotic episode. This finding would be broadly 

consistent with the model outlined above. Our findings are consistent with a group of 

studies by Aydin et al, who showed reductions in NAA in the genu of the callosum in 

UHR, FESZ and CSZ patients, suggesting that alterations to white matter structure are 

present in the callosum already at the prepsychotic stage  (Aydin et al., 2007a, Aydin 

et al., 2008). The findings are also consistent with the meta-analysis of diffusion-

tensor imaging studies that consistently find callosal changes, and changes in white 

matter affecting medial frontal and temporal zones in established illness  (Ellison-

Wright and Bullmore, 2009). 

 

We identified a posterior “spread” of findings which is suggestive of 

neuroprogressive callosal changes occurring across the establishment of illness from 

the first episode through more chronic, more continuous illness. In line with the 

original model of dementia praecox, a large body of evidence suggests that 

schizophrenia is a neuroprogressive disorder in which progressive changes occur over 

decades and may begin well before the first episode of psychosis  (DeLisi, 2008). In 

this thesis, section 3 (see figures 3.5 & 3.6) demonstrates that patients with 

established illness show thinning beyond the genu when compared to first-episode 

patients. Additionally, patients with established illness showed a loss of the normal 

age-related expansion in the posterior callosum, but showed reductions in the isthmus 

with advancing age that were also related to duration of illness at trend level (figure 

3.10). Whilst this study is not longitudinal, this suggests that changes of the genu may 

predate psychosis and are “crystallized” during the first episode. Further alterations 

outside the genu occur with the progression to established illness. The work of Delisi 

et al, in following up a cohort of first-episode schizophrenia-spectrum patients since 

the early 1990s, is strongly suggestive of ventricular enlargement and grey matter 

volume reduction after 10 or more years of illness  (DeLisi et al., 1998, DeLisi et al., 

2004). This cohort has also demonstrated regional callosal reduction in the isthmus  

(DeLisi et al., 1997), the same region identified in this thesis work (figure 3.6). 

Downhill et al also showed that duration of illness was associated with reduction in 

the posterior callosum in established schizophrenia  (Downhill et al., 2000), further 
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lending weight to this hypothesis. Mitelman et al examined callosal size and shape in 

established schizophrenia patients, and found that total area showed a significantly 

more pronounced decline over the four-year follow-up period than healthy controls  

(Mitelman et al., 2009b). Our findings are suggestive of, albeit not conclusive for, 

progressive change with illness progression, suggesting that the findings of this thesis 

may thus reflect changes that occur prior to illness onset, and those that may develop 

with illness progression. Our findings demonstrating change that begins in the 

prepsychotic phase and may progress with the establishment of illness could be seen 

to be consistent with both neurodevelopmental and progressive models. Changes 

occurring in the pre-psychotic phase that necessarily affect “late” neurodevelopment, 

and which then progress with illness. As DeLisi states:  

 

“It is possible that progression occurs very early in some structures before subjects 

are even identified as ill and then spreads further to other brain regions because the 

illness process progresses, and that the timing of the progression and the structures 

involved may vary from person to person. Alternatively, there could be both a 

neurodevelopmental and a progressive degenerative process that are occurring in 

schizophrenia. Some structures may never have developed to their full adult capacity, 

while others did but are deteriorating over time.”  (DeLisi, 2008) 

 

Conversely, our findings in the genu may represent a finding seen in “poor-outcome” 

patients, and as the proportion of these patients in groups increases from the UHR 

through FESZ to CSZ groups, the robustness of this “signal” from the genu becomes 

stronger, and other signals posterior to the genu begin to become apparent. Only long-

term longitudinal imaging from this cohort – ideally beyond ten years of illness – 

would resolve the issue as to whether our results truly do have neuroprogressive 

implications. 

 

We began our exploration of the role of white matter pathology in schizophrenia in 

this thesis by discussing a range of models of dysconnectivity in large-scale networks 

in schizophrenia. The callosum is central to Crow’s model, and would invariably be 

affected in Andreasen et al’s model as it necessarily involves frontal zones. The 

notion of network disruption in schizophrenia has been significantly advanced by 

recent analyses which have united functional and anatomical connectivity studies to 
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suggest a disruption to the default-mode network (DMN) in schizophrenia (section 

1.5.3.10). Our regional findings in the callosum in schizophrenia affect regions that 

form the midline “nodes” of the DMN  (Ellison-Wright and Bullmore, 2009), and it is 

possible that these findings show white matter changes that are associated with 

aberrant functional connectivity that develops posteriorly through medial frontal 

regions as schizophrenia becomes established. 

 

 

10.9 Study Limitations 

 
Whilst this work potentially sheds light on the differential effect of different illnesses 

on white matter function, a number of caveats apply, which affect the conclusions that 

can be drawn. 

 

Firstly, whilst the psychotic groups were all scanned on the same MRI scanner at the 

same site, not all samples were obtained on this scanner, with the two bipolar disorder 

samples and the depression sample (and their respective controls) imaged on separate 

scanners. Ideally, a much larger sample of individuals – including patients with all 

forms of major mental disorder, and controls used for comparison – would be scanned 

on a single scanner to facilitate direct cross-comparisons between patient groups. 

These were not undertaken due to the possibility of a scanner effect spuriously 

altering results, and this work is made up of a number of patient vs control group 

comparisons (it is worth noting however that one recent study suggests that between-

protocol, within-scanner differences are minimal  (Abdul-Kareem et al., 2009), 

suggesting that between-scanner comparisons may be feasible). However, it should be 

noted that similar results were obtained across two bipolar disorder samples, 

suggesting that studies have comparable within-scanner validity. 

 

In addition, whilst patients across illness differing stages of psychosis were examined, 

these findings are not truly longitudinal in nature, and as such conclusions cannot be 

drawn about illness progression. It is likely that the established schizophrenia group 

make up only a portion of the first-episode group (as the outcome data in section 9 

suggests), and likewise the first-episode group make up only a portion of the ultra-

high risk group. Thus, a comparison of UHR-SZ vs FESZ vs CSZ may not be truly 
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valid, as the CSZ group is likely to contain a higher proportion of poor-outcome 

patients compared to the UHR-SZ group, with the FESZ group being intermediate 

between the two. 

 

Whilst this sample contains large numbers of patients across different psychosis 

stages and subtypes, there was only limited data for direct comparison with other 

major mental disorders. For example, patients experiencing their first-episode of 

mania or depression were not directly compared with those who had experienced 

multiple episodes or developed established continuous illness, in the way that 

psychotic patients had. This limits the conclusions that can be drawn directly about 

the role of the corpus callosum in major mood disorders, whereas the results 

presented in this thesis provide a more compelling suggestion of callosal changes 

across the illness lifecycle in schizophrenia. 

 

The limitations of volumetric analysis in examining white matter structures in mental 

illness are worth acknowledging, and it may be that this type of analysis lacks the 

spatial resolution and thus sensitivity to detect microstructural change. In the 

schizophrenia literature, two decades of callosal size and shape analysis has produced 

an irresolute body of work, suggestive of but not conclusive for both subtle global and 

regional reductions in callosal size  (Walterfang et al., 2006c). The use of MRI 

methodologies such as diffusion tensor imaging (DTI) has allowed for the 

examination of in vivo microstructure of white matter in this disorder, and studies 

examining the callosum in schizophrenia have demonstrated significant alterations to 

interhemispheric connectivity in this disorder that may not otherwise be detectable by 

volumetric measures alone. Finally, the analysis of a single structure or region in the 

brain in isolation may provide clues about neurobiological processes, but without 

comparable metrics of other, related brain regions, it can be difficult to place these 

changes in a whole-brain context, which is important in major mental disorders where 

illness processes are unlikely to be focal. This study did not aim to relate these 

findings to grey matter changes, as it was beyond the scope of this thesis to relate 

regional callosal changes to whole-brain approaches or regional volumetry. However, 

some analyses of grey matter changes in the UHR and FEP group showing 

progressive change across illness transition to psychosis and longitudinally in first-

episode patients that overlap with this sample  (Sun et al., 2009a, Sun et al., 2009b) 
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will be co-analysed with callosal variables after this thesis’ completion, with the aim 

of extending this work.  

 

Finally, a formal examination of callosal microstructure using techniques such as DTI 

and MTI was not in the scope of this thesis, given the data available during its 

completion. As described in section 2.2.3.1, a number of more recent imaging studies 

have shed light on microstructural callosal changes in schizophrenia. During the 

course of the completion of this thesis work, this author has begun examining callosal 

microstructure, but these methodologies were not felt mature enough to include in this 

work. Findings from other groups are suggestive however of localized alterations in 

schizophrenia  (Kanaan et al., 2005, Ellison-Wright and Bullmore, 2009), suggesting 

that there may be additional callosal “diffusion signatures” across major mental 

disorders that await discovery. 
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11 CONCLUSIONS: THE CENTRAL ROLE OF THE ANTERIOR 

GENU IN SCHIZOPHRENIA 
 

The work described in this thesis is unique in that it has involved the application of a 

sophisticated callosal shape analysis method to multiple large datasets across the 

lifecycle of psychotic disorders. This work conclusively demonstrates that patients 

with schizophrenia-spectrum illness show reductions at the level of the anterior genu, 

in regions that connect orbitofrontal and medial frontal cortices, at all stages of 

illness: in the pre-psychotic phase, at first episode of psychosis, and in established 

schizophrenia. Through follow-up studies of patients in the high-risk phase through to 

the development of psychosis, and of first-episode patients through to the 

development of established illness or a remitted state, this work also shows that 

thickness of the anterior genu is highly predictive of later outcome at the early stages 

of psychosis. It suggests that alterations to the anterior genu represents a unique, 

schizophrenia-spectrum specific callosal “signature” that differentiates schizophrenia 

from other major mental disorders. 

 

When comparator major mental disorders were examined, differing profiles were seen 

in other psychiatric illnesses. By examining two samples of bipolar disorder patients, 

this thesis was able to demonstrate and then replicate findings suggesting that bipolar 

patients have their own unique “callosal signature” that differs from schizophrenia in 

a number of key ways, but which also shares some features of the alterations seen in 

schizophrenia patients – most notably the interaction between illness and age which 

appears to “blunt” the normal developmental trajectory of callosal structure in early 

adulthood.  

 

The aim of the vast bulk of psychosis research is to further elucidate the neurobiology 

of psychotic illness so that markers of illness can be found that allow the robust 

identification of patients who will later develop a disabling schizophrenic illness, and 

so that current and future interventions that may alter the course of the disease and 

thus significantly improve disease outcomes can be targeted towards this group. The 

work presented in this thesis adds to our growing understanding of brain changes that 

occur in patients with schizophrenia, and may form part of future psychosis risk and 
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intervention models that aim to ameliorate the symptoms, distress and long-term 

disability in schizophrenia, and ultimately improve the functional outcomes of this 

most marginalized and disenfranchised group of patients.  



 305 

12 REFERENCES 
 
 

ABDUL-KAREEM, I. A., STANCAK, A., PARKES, L. M. & SLUMING, V. 2009. 
Regional corpus callosum morphometry: effect of field strength and pulse 
sequence. J Magn Reson Imaging, 30, 1184-90. 

ABE, O., MASUTANI, Y., AOKI, S., YAMASUE, H., YAMADA, H., KASAI, K., 
MORI, H., HAYASHI, N., MASUMOTO, T. & OHTOMO, K. 2004. 
Topography of the human corpus callosum using diffusion tensor 
tractography. J Comput Assist Tomogr, 28, 533-9. 

ABERG, K., ADKINS, D. E., BUKSZAR, J., WEBB, B. T., CAROFF, S. N., 
MILLER DEL, D., SEBAT, J., STROUP, S., FANOUS, A. H., 
VLADIMIROV, V. I., MCCLAY, J. L., LIEBERMAN, J. A., SULLIVAN, P. 
F. & VAN DEN OORD, E. J. 2010. Genomewide association study of 
movement-related adverse antipsychotic effects. Biol Psychiatry, 67, 279-82. 

ABERG, K., SAETRE, P., JAREBORG, N. & JAZIN, E. 2006a. Human QKI, a 
potential regulator of mRNA expression of human oligodendrocyte-related 
genes involved in schizophrenia. Proc Natl Acad Sci U S A, 103, 7482-7. 

ABERG, K., SAETRE, P., LINDHOLM, E., EKHOLM, B., PETTERSSON, U., 
ADOLFSSON, R. & JAZIN, E. 2006b. Human QKI, a new candidate gene for 
schizophrenia involved in myelination. Am J Med Genet B Neuropsychiatr 
Genet, 141B, 84-90. 

ABI-DARGHAM, A., RODENHISER, J., PRINTZ, D., ZEA-PONCE, Y., GIL, R., 
KEGELES, L. S., WEISS, R., COOPER, T. B., MANN, J. J., VAN 
HEERTUM, R. L., GORMAN, J. M. & LARUELLE, M. 2000. Increased 
baseline occupancy of D2 receptors by dopamine in schizophrenia. Proc Natl 
Acad Sci U S A, 97, 8104-9. 

ABOITIZ, F., RODRIGUEZ, E., OLIVARES, R. & ZAIDEL, E. 1996. Age-related 
changes in the fibre composition of the human corpus callosum: sex 
differences. Neuroreport, 7, 1761-1764. 

ABOITIZ, F., SCHEIBEL, A., FISHER, R. & ZAIDEL, E. 1992a. Fiber composition 
of the human corpus callosum. Brain Res, 598, 143-153. 

ABOITIZ, F., SCHEIBEL, A., FISHER, R. & ZAIDEL, E. 1992b. Fiber composition 
of the human corpus callosum. Brain Res, 598 , 143-153. 

ABOITIZ, F., SCHEIBEL, A., FISHER, R. & ZAIDEL, E. 1992c. Individual 
differences in brain asymmetries and fiber composition in the human corpus 
callosum. Brain Res, 598, 154-161. 

ADAMS, E., BREEN, N. & JOSKI, P. 2007. Impact of the National Breast and 
Cervical Cancer Early Detection Program on mammography and pap test 
utilization among white, Hispanic, and African American women: 1996-2000. 
Cancer, 109, S348-358. 

ADLER, C., HOLLAND, S., SCHMITHORST, V., WILKE, M., WEISS, K., PAN, 
H. & STRAKOWSKI, S. 2004. Abnormal frontal white matter tracts in 
bipolar disorder: a diffusion tensor imaging study. Bipolar Disord, 6, 197-203. 

ADLER, C. & STRAKOWSKI, S. 2003. Boundaries of schizophrenia. Psychiatr Clin 
North Am, 26, 1-23. 

AGARTZ, I., ANDERSSON, J. & SKARE, S. 2001. Abnormal brain white matter in 
schizophrenia: a diffusion tensor imaging study. Neuroreport, 12, 2251-2254. 

AHARON-PERETZ, J., BRENNER, B., AMYEL-ZVI, E. & AL, E. 1996. 
Neurocognitive dysfunction in the antiphospholipid antibody syndrome 



 306 

(APS). Neuropsychiatry Neuropsychol Behav Neurol, 9, 126-126. 
AHN, K., LYOO, I., LEE, H., SONG, I., OH, J., HWANG, J., KWON, J., KIM, M., 

KIM, M. & RENSHAW, P. 2004. White matter hyperintensities in subjects 
with bipolar disorder. Psychiatry Clin Neurosci, 58, 516-521. 

AKIL, M., PIERRI, J. N., WHITEHEAD, R. E., EDGAR, C. L., MOHILA, C., 
SAMPSON, A. R. & LEWIS, D. A. 1999. Lamina-specific alterations in the 
dopamine innervation of the prefrontal cortex in schizophrenic subjects. Am J 
Psychiatry, 156, 1580-9. 

ALARCON-SEGOVIA, D., PEREZ-VAZQUEZ, M., VILLA, A., DRENKARD, C. 
& CABIEDES, J. 1992. Preliminary classification criteria for the 
antiphospholipid syndrome within systemic lupus erythematosus. Semin 
Arthritis Rheum, 21, 275-286. 

ALEXANDER, E. 199. Central nervous system disease in Sjogren's syndrome: new 
insights into immunopathogenesis. Rheum Dis Clin N Am, 18, 637-672. 

ALI, S., DENICOFF, K., ALTSHULER, L., HAUSER, P., LI, X., CONRAD, A., 
SMITH-JACKSON, E., LEVERICH, G. & POST, R. 2001. Relationship 
between prior course of illness and neuroanatomic structures in bipolar 
disorder: a preliminary study. Neuropsychiatry Neuropsychol Behav Neurol, 
14, 227-232. 

ALLENDOERFER, K. & SHATZ, C. 1994. The subplate, a transient neocortical 
structure: its role in the development of connections between thalamus and 
cortex. Ann Rev Neurosci, 17, 185-218. 

ALONSO, G. 2000. Prolonged corticosterone treatment of adult rats inhibits the 
proliferation of the oligodendrocyte progenitors present throughout white and 
gray matter regions of the brain. Glia, 31, 219-231. 

ALTSHULER, L., BARTZOKIS, G., GRIEDER, T., CURRAN, J. & MINTZ, J. 
1998. Amygdala enlargement in bipolar disorder and hippocampal reduction 
in schizophrenia: an MRI study demonstrating neuroanatomic specificity. 
Archives of  General Psychiatry, 55, 663-664. 

ANDREASEN, N. 1983. The Scale for the Assessment of Negative Symptoms (SANS). 
Iowa City, University of Iowa. 

ANDREASEN, N., EHRHARDT, J., SWAYZE, V., TYRRELL, G., COHEN, G., 
KU, J. & ARNDT, S. 1991. T1 and T2 relaxation times in schizophrenia as 
measured with magnetic resonance imaging. Schizophr Res, 5, 223-232. 

ANDREASEN, N., PARADISO, S. & O'LEARY, D. 1998a. "Cognitive dysmetria" as 
an integrative theory of schizophrenia: a dysfunction in cortical-subcortical-
cerebellar circuitry? Schizophr Bull, 24, 203-218. 

ANDREASEN, N. C. 1997. The role of the thalamus in schizophrenia. Can J 
Psychiatry, 42, 27-33. 

ANDREASEN, N. C., NOPOULOS, P., O'LEARY, D. S., MILLER, D. D., 
WASSINK, T. & FLAUM, M. 1999. Defining the phenotype of 
schizophrenia: cognitive dysmetria and its neural mechanisms. Biol 
Psychiatry, 46, 908-20. 

ANDREASEN, N. C., O'LEARY, D. S., CIZADLO, T., ARNDT, S., REZAI, K., 
PONTO, L. L., WATKINS, G. L. & HICHWA, R. D. 1996. Schizophrenia 
and cognitive dysmetria: a positron-emission tomography study of 
dysfunctional prefrontal-thalamic-cerebellar circuitry. Proc Natl Acad Sci U S 
A, 93, 9985-90. 

ANDREASEN, N. C., PARADISO, S. & O'LEARY, D. S. 1998b. "Cognitive 
dysmetria" as an integrative theory of schizophrenia: a dysfunction in cortical-



 307 

subcortical-cerebellar circuitry? Schizophr Bull, 24, 203-18. 
ANGELUCCI, F., ALOE, L., JIMENEZ-VASQUEZ, P. & MATHE, A. 2003. 

Lithium treatment alters brain concentrations of nerve growth factor, brain-
derived neurotrophic factor and glial cell line-derived neurotrophic factor in a 
rat model of depression. Int J Neuropsychopharmacol, 6, 225-231. 

ANGUS, B., DE SILVA, R., DAVIDSON, R. & BONE, I. 1994. A family with adult-
onset cerebral adrenoleucodystrophy. J Neurol, 241, 497-499. 

ANTONOVA, E., KUMARI, V., MORRIS, R., HALARI, R., MEHROTRA, R. & 
SHARMA, T. 2005. The relationship of structural alterations to cognitive 
deficits in schizophrenia: a voxel-based morphometry study. Biol Psychiatry, 
In Press. 

ANTOSIK-BIERNACKA, A., PEUSKENS, H., DE HERT, M., PEUSKENS, J., 
SUNAERT, S., VAN HECKE, P. & GORAJ, B. 2006. Magnetization transfer 
imaging in established schizophrenia. Med Sci Monit, 12, MT17-21. 

ARANGO, C., BREIER, A., MCMAHON, R., CARPENTER, W. & BUCHANAN, 
R. 2003. The relationship of clozapine and haloperidol treatment response to 
prefrontal, hippocampal and caudate brain volumes. Am J Psychiatry, 160, 
1421-1427. 

ARDEKANI, B., BAPPAL, A., D'ANGELO, D., ASHTARI, M., LENCZ, T., 
SZESKO, P., BUTLER, P., JAVITT, D., LIM, K., HRABE, J., 
NIERENBERG, J., BRANCH, C. & HOPTMAN, M. 2005. Brain 
morphometry using diffusion-weighted magnetic resonance imaging: 
application to schizophrenia. Neuroreport, 16, 1455-1459. 

ARDEKANI, B., NIERENBERG, J., HOPTMAN, M., JAVITT, D. & LIM, K. 2003. 
MRi study of white matter diffusion anisotropy in schizophrenia. Neuroreport, 
14, 2025-2029. 

ARIFIN, A. & ASANO, A. 2006. Image segmentation by histogram thresholding 
using hierarchical cluster analysis. Pattern Recog Lett, 27, 1515-1521. 

ARNDT, S., TYRRELL, G., FLAUM, M. & ANDREASEN, N. C. 1992. 
Comorbidity of substance abuse and schizophrenia: the role of pre-morbid 
adjustment. Psychol Med, 22, 379-88. 

ARNOLD, S. 2001. Contributions of neuropathology to understanding schizophrenia 
in alte life. Harv Rev Psychiatry, 9, 69-76. 

ARNONE, D., CAVANAGH, J., GERBER, D., LAWRIE, S. M., EBMEIER, K. P. & 
MCINTOSH, A. M. 2009. Magnetic resonance imaging studies in bipolar 
disorder and schizophrenia: meta-analysis. Br J Psychiatry, 195, 194-201. 

ARNONE, D., MCINTOSH, A., CHANDRA, P. & EBMEIER, K. 2008a. Meta-
analysis of magnetic resonance imaging studies of the corpus callosum in 
bipolar disorder. Acta Psychiatrica Scandinavica, In Press. 

ARNONE, D., MCINTOSH, A., TAN, G. & EBMEIER, K. 2008b. Meta-analysis of 
magnetic resonance imaging studies of the corpus callosum in schizophrenia. 
Schizophr Res, 101, 124-132. 

ARTIGAS, J., CERVOS-NAVARRO, J., IGLESIAS, J. & EBHARDT, G. 1985. 
Gliomatosis cerebri: clinical and histological findings. Clin Neuropathol, 4, 
135-148. 

ARTS, B., JABBEN, N., KRABBENDAM, L. & VAN OS, J. 2008. Meta-analyses of 
cognitive functioning in euthymic bipolar patients and their first-degree 
relatives. Psychol Med, 38, 771-785. 

ASHBURNER, J. & FRISTON, K. 2000. Voxel-based morphometry: the methods. 
Neuroimage, 11, 805-821. 



 308 

ASSOCIATION, A. P. 2000. Diagnostic and Statistical Manual of Mental Disorders., 
Washington DC, American Psychiatric Press. 

ASSOCIATION., A. P. 1987. Diagnostic and Statistical Manual of Mental 
Disorders., Washington DC, American Psychiatric Press. 

ASTON, C., JIANG, L. & SOKOLOV, B. 2004. Microarray analysis of postmortem 
temporal cortex from patients with schizophrenia. J Neurosci Res, 77, 858-
866. 

ASTON, C., JIANG, L. & SOKOLOV, B. 2005. Transcriptional profiling reveals 
evidence for signaling and oligodendroglial abnormalities in the temporal 
cortex from patients with major depressive disorder. Mol Psychiatry, 10, 309-
322. 

ATMACA, M., OZDEMIER, H. & YILDIRIM, H. 2007a. Corpus callosum area in 
first-episode patients with bipolar disorder. Psychol Med, 37, 699-704. 

ATMACA, M., OZDEMIER, H. & YILDIRIM, H. 2007b. Corpus callosum area in 
first-episode patients with bipolar disorder. Psychol Med, In press. 

ATMACA, M., OZDEMIER, H. & YILDIRIM, H. 2007c. Corpus callosum area in 
first-episode patients with bipolar disorder. Psychological Medicine, 37, 699-
704. 

AVILA, M., SHERR, J., VALENTINE, L., BLAXTON, T. & THAKER, G. 2003. 
Neurodevelopmental interactions conferring risk for schizophrenia: a study of 
dermatoglyphic markers in patients and relatives. Schizophr Bull, 29, 595-605. 

AWAD, I., JOHNSON, P., SPETZLER, R., HODAK, J., AWAD, C. & CAREY, R. 
1986. Incidental subcortical lesions identified on magnetic resonance imaging 
in the elderly. I. Correlation with age and cerebrovascular risk factors. Stroke, 
17, 1084-1089. 

AWAD, J., SPETZLER, R., HODAK, J., AWAD, C., WILLIAMS, F. & CAREY, R. 
1987. Incidental lesions noted on magnetic resonance imaging of the brain: 
prevalence and clinical significance in various age groups. Neurosurgery, 20, 
222-226. 

AXFORD, J., HOWE, F., HERON, C. & GRIFFITHS, J. 2001. Sensitivity of 
quantitative (1)H magnetic resonance spectroscopy of the brain in detecting 
early neuronal damage in systemic lupus erythematosus. Ann Rheum Dis, 60, 
106-111. 

AYDIN, K., UCOK, A. & CAKIR, S. 2007a. Quantitative proton MR spectroscopy 
findings in the corpus callosum of patients with schizophrenia suggest callosal 
disconnection. AJNR Am J Neuroradiol, 28, 1968-74. 

AYDIN, K., UCOK, A. & CAKIS, S. 2007b. Quantitative proton MRS spectroscopy 
findings in the corpus callosum of patients with schizophrenia suggest callosal 
disconnection. Am J Neuroradiol, 28, 1968-1974. 

AYDIN, K., UCOK, A. & GULER, J. 2008. Altered metabolic integrity of corpus 
callosum among individuals at ultra high risk of schizophrenia and first-
episode patients. Biol Psychiatry, 64, 750-7. 

BABOR, T. F., DE LA FUENTE, J. R., SAUNDERS, J. & GRANT, M. 1992. The 
Alcohol Use Disorders Identification Test: Guidelines for use in primary 
health care, Geneva, Switzerland., World Health Organization. 

BACHMANN, S., PANTEL, J., FLENDER, A., BOTTMER, C., ESSIG, M. & 
SCHRODER, J. 2003a. Corpus callosum in first-episode patients with 
schizophrenia - a magnetic resonance imaging study. Psychological Medicine, 
33, 1019-027. 

BACHMANN, S., PANTEL, J., FLENDER, A., BOTTMER, C., ESSIG, M. & 



 309 

SCHRODER, J. 2003b. Corpus callosum in first-episode patients with 
schizophrenia - a magnetic resonance imaging study. Psychol Med, 33, 1019-
027. 

BAE, J., MACFALL, J., KRISHNAN, K., PAYNE, M., STEFFENS, D. & TAYLOR, 
W. 2006. Dorsolateral prefrontal cortex and anterior cingulate cortex white 
matter alterations in late-life depression. Biol Psychiatry, 60, 1356-1363. 

BAENZIGER, O., MARTIN, E., STEINLIN, M., GOOD, M., LARGO, R., 
BURGER, R., FANCONI, S., DUC, G., BUCHLI, R. & RUMPEL, H. 1993. 
Early pattern recognition in severe perinatal asphyxia: a prospective MRI 
study. Neuroradiol, 35, 437-440. 

BAGARY, M., HUTTON, S., SYMMS, M., BARKER, G., MUTSATSA, S., 
BARNES, T., JOYCE, E. & RON, M. 2004. Structural neural networks 
subserving oculomotor function in first-episode schizophrenia. Biol 
Psychiatry, 56, 620-627. 

BAGARY, M., SYMMS, M., BARKER, G., MUTSATSA, S., JOYCE, E. & RON, 
M. 2003. Gray and white matter brain abnormalities in first-episode 
schizophrenia inferred from magnetization transfer imaging. Arch Gen 
Psychiatry, 60, 779-788. 

BAILER, U., LEISCH, F., MESZAROS, K., LENZINGER, E., WILLINGER, U., 
STROBL, R., GEBHARDT, C., GERHARD, E., FUCHS, K., SIEGHART, 
W., KASPER, S., HORNIK, K. & ASCHAUER, H. N. 2000. Genome scan 
for susceptibility loci for schizophrenia. Neuropsychobiology, 42, 175-82. 

BALKO, M., BLISARD, K. & SAMAHA, F. 1992. Oligodendroglial gliomatosis 
cerebri. Hum Pathol, 23, 706-707. 

BALLMAIER, M., KUMAR, A., ELDERKIN-THOMPSON, V., NARR, K., 
LUDERS, E., THOMPSON, P., HOJATKASHANI, C., PHAM, D., HEINZ, 
A. & TOGA, A. 2007. Mapping callosal morphology in early- and late-onset 
elderly depression: an index of distinct changes in cortical connectivity. 
Neuropsychopharmacology, In Press. 

BALLMAIER, M., TOGA, A., BLANTON, R., SOWELL, E., LAVRETSKY, H., 
PETERSON, J., PHAM, D. & KUMAR, A. 2004. Anterior cingulate, gyrus 
rectus, and orbitofrontal abnormalities in elderly depressed patients: an MRI-
based parcellation of the prefrontal cortex. Am J Psychiatry, 161, 99-108. 

BARATTI, C., BURNETT, A. & PIERPAOLI, C. 1999. Comparative MR imaging 
study of brain maturation in kittens with T1, T2 and the trace of the diffusion 
tensor. Radiology, 210, 133-142. 

BARCH, D., CSERNANSKY, J., CONTURO, T. & SNYDER, A. 2002. Working 
and long-term memory deficits in schizophrenia: is there a common prefrontal 
mechanism? J Abnormal Psychol, 111, 478-494. 

BARKER, G., TOFTS, P. & GASS, A. 1996. An interleaved sequence for accurate 
and reproducible clinical measurement of magnetisation transfer ratio. Magn 
Reson Imaging, 14, 403-411. 

BARKOVICH, A. & KJOS, B. 1988. Normal postnatal development of the corpus 
callosum as demonstrated by MR imaging. Am J Neuroradiol, 9, 487-491. 

BARKOVICH, A. & NORMAN, D. 1988. Anomalies of the corpus callosum: 
correlation with further anomalies of the brain. Am J Neuroradiol, 151, 171-
179. 

BARLEY, K., DRACHEVA, S. & BYNE, W. 2009. Subcortical oligodendrocyte- 
and astrocyte-associated gene expression in subjects with schizophrenia, major 
depression and bipolar disorder. Schizophr Res, 112, 54-64. 



 310 

BARNETT, K. J., CORBALLIS, M. C. & KIRK, I. J. 2005. Symmetry of callosal 
information transfer in schizophrenia: a preliminary study. Schizophr Res, 74, 
171-8. 

BARRES, B., LAZAR, M. & RAFF, M. 1994. A novel role for thyroid hormone, 
glucocorticoids and retinoic acid in timing oligodendrocyte development. 
Development, 120, 1097-1108. 

BARTZOKIS, G. 2002. Schizophrenia: breakdown in the well-regulated lifelong 
process of brain development and maturation. Neuropsychopharmacol, 27, 
672-683. 

BARTZOKIS, G. 2004. Quadratic trajectories of brain myelin content: unifying 
construct for neuropsychiatric disorders. Neurobiol Ageing, 25, 49-62. 

BARTZOKIS, G. & ALTSHULER, L. 2003. Biological underpinnings of treatment 
resistance in schizophrenia: a hypothesis. Psychopharmacol Bull, 37, 5-7. 

BARTZOKIS, G., BECKSON, M., LU, P., NUECHTERLEIN, K., EDWARDS, N. & 
MINTZ, J. 2001. Age-related changes in frontal and temporal lobe volumes in 
men: a magnetic resonance imaging study. Arch Gen Psychiatr, 58, 461-465. 

BARTZOKIS, G., GARBER, H., GRISWOLD, V., OLDENDORF, W., MINTZ, J. & 
MARDER, S. 1991. T2 hyperintense foci on magnetic resonance images of 
schizophrenia patients and controls. Psychiatr Res, 40, 239-245. 

BARTZOKIS, G., LU, P. H., NUECHTERLEIN, K. H., GITLIN, M., DOI, C., 
EDWARDS, N., LIEU, C., ALTSHULER, L. L. & MINTZ, J. 2007. 
Differential effects of typical and atypical antipsychotics on brain myelination 
in schizophrenia. Schizophr Res, 93, 13-22. 

BARTZOKIS, G., LU, P. H., STEWART, S. B., OLUWADARA, B., LUCAS, A. J., 
PANTAGES, J., PRATT, E., SHERIN, J. E., ALTSHULER, L. L., MINTZ, 
J., GITLIN, M. J., SUBOTNIK, K. L. & NUECHTERLEIN, K. H. 2009. In 
vivo evidence of differential impact of typical and atypical antipsychotics on 
intracortical myelin in adults with schizophrenia. Schizophr Res, 113, 322-31. 

BARTZOKIS, G., NUECHTERLEIN, K., LU, P., GITLIN, M., ROGERS, S. & 
MINTZ, J. 2003. Dysregulated brain development in adult men with 
schizophrenia: a magnetic resonance imaging study. Biol Psychiatry, 53, 412-
421. 

BASLOW, M. 2002. Evidence supporting a role for N-acetyl-L-aspartate as a 
molecular water pump in myelinated neurons in the central nervous system. 
An analytical review. Neurochem Int, 40, 295-300. 

BASSER, P. 1995. Inferring microstructural features and the physiological state of 
tissues from diffusion-weighted images. NMR Biomed, 8, 333-344. 

BASSER, P., MATTIELLO, J. & LEBIHAN, D. 1994a. Estimation of the effective 
self-diffusion tensor from the NMR spin echo. J Magn Reson, 103, 247-254. 

BASSER, P., MATTIELLO, J. & LEBIHAN, D. 1994b. MR diffusion tensor 
spectroscopy and imaging. Biophys J, 66, 259-267. 

BASSER, P. & PIERPAOLI, C. 1996. Microstructural and physiological features of 
tissues elucidated by quantitative diffusion tensor MRI. J Magn Reson, 111, 
209-219. 

BAUMANN, N. & PHAM-DINII, D. 2001. Biology of the oligodendrocyte and 
myelin inthe mammalian central nervous system. Physiol Rev, 81, 897-927. 

BEARDEN, C., THOMPSON, P., DALWANI, M., HAYASHI, K., LEE, A., 
NICOLETTI, M., TRAKHENBROIT, M., GLAHN, D., BRAMBILLA, P., 
SASSI, R., MALLINGER, A., FRANK, E., KUPFER, D. & SOARES, J. 
2007a. Greater cortical gray matter density in lithium-treated patients with 



 311 

bipolar disorder. Biol Psychiatry, 62, 7-16. 
BEARDEN, C., THOMPSON, P., DALWANI, M., HAYASHI, K., LEE, A., 

NICOLETTI, M., TRAKHTENBROLT, M., GLAHN, D., BRAMBILLA, P., 
SASSI, R., MALLINGER, A., FRANK, E., KUPFER, D. & SOARES, J. 
2007b. Greater cortical gray matter density in lithium-treated patients with 
bipolar disorder. Biol Psychiatry, 62, 7-16. 

BEATTY, W. 1993. Cognitive and emotional disturbances in multiple sclerosis. 
Neurol Clin, 11. 

BEAUMONT, J. G. & DIMOND, S. J. 1973. Brain disconnection and schizophrenia. 
Br J Psychiatry, 123, 661-2. 

BECK, A. T. & STEER, R. T. 1987. Beck depression inventory manual., San 
Antonio, HBJ. 

BELACHEW, S., ROGISTER, B., RIGO, J. M., MALGRANGE, B. & MOONEN, 
G. 1999. Neurotransmitter-mediated regulation of CNS myelination: a review. 
Acta Neurol Belg, 99, 21-31. 

BELLANI, M., CERRUTI, S. & BRAMBILLA, P. 2010. Orbitofrontal cortex 
abnormalities in schizophrenia. Epidemiol Psichiatr Soc, 19, 23-5. 

BENES, F. 1989. Myelination of cortical hippocampal relays during late adolescence. 
Schizophr Bull, 15, 589-593. 

BENES, F., TURTLE, M., KHAN, Y. & FAROL, P. 1994. Myelination of a key relay 
zone in the hippocampal formation occurs in the human brain during 
childhood, adolescence, and adulthood. Arch Gen Psychiatr, 51, 477-484. 

BENJAMINI, Y. & HOCHBERG, Y. 1995. Controlling the false discovery rate: a 
practical and powerful approach to multiple testing. J Royal Stat Soc B, 57, 
289-300. 

BERENSON, G. 2005. Obesity: a critical issue in preventive cardiology: the 
Bogalusa Heart Study. Prev Cardiol, 8, 234-243. 

BERGINER, V., BERGINER, J., KORCZYN, A. & TADMOR, R. 1994. Magnetic 
resonance imaging in cerebrotendinous xanthomatosis: a prospective clinical 
and neuroradiological study. Neurol Sci, 122, 102-108. 

BERGINER, V., FOSTER, N., SADOWSKY, M., TOWNSEND, J. R., SIEGEL, G. 
& SALEN, G. 1988. Psychiatric disorders in patients with cerebrotendinous 
xanthomatosus. Am J Psychiatry, 145, 354-357. 

BERMUDEZ, P. & ZATORRE, R. 2001. Sexual dimorphism in the corpus callosum: 
methodological considerations in MRI morphometry. Neuroimage, 13, 1121-
1130. 

BERRETTINI, W. 2000. Are schizophrenic and bipolar disorders related? A review 
of family and molecular studies. Biol Psychiatry, 48, 531-538. 

BHAGWAGAR, Z., RABINER, E., SARGENT, P., GRASBY, P. & COWEN, P. 
2004. Persistent reduction in brain serotonin1A receptor binding in recovered 
depressed men measured by positron emission tomography with [11C]WAY-
100635. Molecular Psychiatry, 9, 386-392. 

BHAKOO, K. & PEARCE, D. 2000. In-vitro expression of N-acetyl aspartate in 
oligodendrocytes:implications for proton magnetic resonance spectroscopy in 
vivo. J Neurochem, 74, 254-262. 

BHAWAGAR, Z., HINZ, R., TAYLOR, M., FANCY, S., COWEN, P. & GRASBY, 
P. 2006. Increased 5-HT (2A) receptor binding in euthymic, medication-free 
patients recovered from depression: a positron emission study with [ 
(11)C]MDL 100,907. Am J Psychiatry, 163, 1580-1587. 

BHUGRA, D. 2005. The global prevalence of schizophrenia. PLoS Med, 2, e151; 



 312 

quiz e175. 
BIGELOW, L., NASRALLAH, H. & RAUSCHER, F. 1983. Corpus callosum 

thickness in established schizophrenia. Br J Psychiatry, 142, 284-287. 
BIVER, F., WIKLER, D., LOTSTRA, F., DAMHAUT, P., GOLDMAN, S. & 

MENDLEWICZ, J. 1997. Serotonin 5-HT2 receptor imaging in major 
depression: focal changes in orbito-insular cortex. Br J Psychiatry, 171, 444-
448. 

BLACK, D. N., TABER, K. H. & HURLEY, R. A. 2003. Metachromatic 
leukodystrophy: a model for the study of psychosis. J Neuropsychiatry Clin 
Neurosci, 15, 289-93. 

BLAIR, R., TROENDLE, J. & RECK, R. 1996. Control of family-wise errors in 
multiple endpoint assessments via stepwise permutation tests. Stat Med, 15, 
1107-1121. 

BLAKEMORE, S. J., WOLPERT, D. M. & FRITH, C. D. 2002. Abnormalities in the 
awareness of action. Trends Cogn Sci, 6, 237-242. 

BLEULER, E. 1911. Dementia Pracox or the Group of Schizophrenias., New York, 
International Universities Press. 

BLINKENBERG, M., RUNE, K., JENSEN, C., RAYNBORG, M., 
KYLLINGSBAEK, S., HOLM, S., PAULSON, O. & SORENSON, P. 2000. 
Cortical cerebral metabolism correlates with MRI lesion load and cognitive 
function in MS. Neurology, 54, 558-564. 

BLOEMEN, O. J., DE KONING, M. B., SCHMITZ, N., NIEMAN, D. H., BECKER, 
H. E., DE HAAN, L., DINGEMANS, P., LINSZEN, D. H. & VAN 
AMELSVOORT, T. A. 2009. White-matter markers for psychosis in a 
prospective ultra-high-risk cohort. Psychol Med, 1-8. 

BODENSTEINER, J., SCHAEFER, G. B., BREEDING, L. & COWAN, L. 1994. 
Hypoplasia of the corpus callosum: a study of 445 consecutive MRI scans. J 
Child Neurol, 9, 47-9. 

BOHN, M. & FRIEDRICK, V. 1982. Recovery of myelination in rat optic nerve after 
developmental retardation by cortisol. J Neurosci, 2, 1292-1298. 

BONDAREFF, W., RAVAL, J., WOO, B., HAUSER, D. & COLLETTI, P. 1990. 
Magnetic resonance imaging and the severity of dementia in older adults. Arch 
Gen Psychiatr, 47, 47-51. 

BONFA, E. & ELKON, K. 1986. Clinical and serological associations of the anti-
ribosomal P protein antibody. Arthritis Rheum, 29, 981-985. 

BONFA, E., GOLOMBEK, S., KAUGMAN, L., SKELLY, S., WEISSBACH, H., 
BROT, N. & ELKON, K. 1987. Association between lupus psychosis and 
anti-ribosomal P protein antibodies. N Engl J Med, 371, 265-271. 

BOONE, K., MILLER, B., LESSER, I., MEHRINGER, C., HILL-GUTIERREZ, E., 
GOLDBERG, M. & BERMAN, G. 1992. Neuropsychological correlates of 
white-matter lesions in healthy elderly subjects. Arch Neurol, 30, 825-830. 

BOSE, S. K., MACKINNON, T., MEHTA, M. A., TURKHEIMER, F. E., HOWES, 
O. D., SELVARAJ, S., KEMPTON, M. J. & GRASBY, P. M. 2009. The 
effect of ageing on grey and white matter reductions in schizophrenia. 
Schizophr Res, 112, 7-13. 

BRADLEY, W., WALUCH, V., BRANT-ZAWADZKI, M., YADLEY, R. & 
WYCKOFF, R. 1984. Patchy periventricular white matter lesions in the 
elderly: a common observation during NMR imaging. Noninvasive Imaging, 
1, 35-41. 

BRAFFMAN, B., ZIMMERMAN, R., TROJANOWSKI, J., GONATAS, N., 



 313 

NICKEY, W. & SCHLAEPFER, W. 1988. Brain MR: pathologic correlation 
with gross and histopathology. 2. Hyperintense white matter foci in the 
elderly. Am J Neuroradiol, 9, 629-636. 

BRAMBILLA, P., BARALE, F., CAVERZASI, E. & SOARES, J. 2002. Anatomical 
MRI findings in mood and anxiety disorders. Epidemiol Psichiatr Soc, 11, 88-
99. 

BRAMBILLA, P., CERINI, R., GASPARINI, A., VERSACE, A., ANDREONE, N., 
VITTORINI, E., BARBUI, C., PELIZZA, L., NOSE, M., BARLOCCO, L., 
MARRELLA, G., GREGIS, M., TOURNIKIOTI, K., DAVID, A., 
KESHAVAN, M. & TANSELLA, M. 2005a. Investigation of corpus callosum 
in schizophrenia with diffusion imaging. Schizophr Res, In Press. 

BRAMBILLA, P., GLAHN, D., BALESTRIERI, M. & SOARES, J. 2005b. Magnetic 
resonance findings in bipolar disorder. Psychiatr Clin North Am, 28, 443-467. 

BRAMBILLA, P., NICOLETTI, M., SASSI, R., MALLINGER, A., FRANK, E., 
KESHAVAN, M. & SOARES, J. 2004. Corpus callosum signal intensity in 
patients with bipolar and unipolar disorder. J Neurol Neurosurg Psychiatry, 
75, 221-225. 

BRAMBILLA, P., NICOLETTI, M., SASSI, R., MALLINGER, A., FRANK, E., 
KUPFER, D., KESHAVAN, M. & SOARES, J. 2003a. Magnetic resonance 
imaging study of corpus callosum abnormalities in patients with bipolar 
disorder. . Biological Psychiatry, 54, 1294-1297. 

BRAMBILLA, P., NICOLETTI, M., SASSI, R., MALLINGER, A., FRANK, E., 
KUPFER, D., KESHAVAN, M. & SOARES, J. 2003b. Magnetic resonance 
imaging study of corpus callosum abnormalities in patients with bipolar 
disorder. . Biol Psychiatry, 54, 1294-1297. 

BRAMBILLA, P., NICOLETTI, M., SASSI, R., MALLINGER, A., FRANK, E., 
KUPFER, D., KESHAVAN, M. & SOARES, J. 2003c. Magnetic resonance 
imaging study of corpus callosum abnormalities in patients with bipolar 
disorder. Biol Psychiatry, 54, 1294-1297. 

BRAMBILLA, P. & TANSELLA, M. 2007. The role of white matter for the 
pathophysiology of schizophrenia. Int Rev Psychiatry, 19, 459-68. 

BREIR, A., BUCHANAN, R., ELKASHEF, A., MUNSON, R., KIRKPATRICK, B. 
& GELLAD, F. 1992. Brain morphology and schizophrenia: a magnetic 
resonance imaging study of limbic, prefrontal cortex, and caudate structures. 
Arch Gen Psychiatr, 49, 921-926. 

BREMNER, J., VYTHILINGAM, M., VERMETTEN, E., NAZEER, A., ADIL, J., 
KHAN, S., STAIB, L. & CHARNEY, D. 2002. Reduced volume of 
orbitofrontal cortex in major depression. Biol Psychiatry, 51, 273-279. 

BREWER, W., FRANCEY, S., WOOD, S., JACKSON, H., PANTELIS, C., 
PHILLIPS, L., YUNG, A., ANDERSON, V. & MCGORRY, P. 2005. 
Memory impairments identified in people at ultra high-risk for psychosis who 
later develop first episode psychosis. Am J Psychiatry, 162, 71-78. 

BREWER, W., PANTELIS, C., ANDERSON, V., VELAKOULIS, D., SINGH, B., 
COPOLOV, D. & MCGORRY, P. 2001. Stability of olfactory identification 
deficits in neuroleptic-naive patients with first-episode psychosis. American 
Journal of Psychiatry, 158, 107-115. 

BREWER, W., WOOD, S., MCGORRY, P., FRANCEY, S., PHILLIPS, L., YUNG, 
A., ANDERSON, V., COPOLOV, B., SINGH, B., VELAKOULIS, D. & 
PANTELIS, C. 2003. Impairment of olfactory identification ability in 
individuals at ultra-high risk for psychosis who later develop schizophrenia. 



 314 

Am J Psychiatry, 160, 1790-1794. 
BREWER, W., WOOD, S., PHILLIPS, L., FRANCEY, S., PANTELIS, C., YUNG, 

A., CORNBLATT, B. & MCGORRY, P. 2006. Generalized and specific 
cognitive performance in clinical high-risk cohorts: a review highlighting 
potential vulnerability markers for psychosis. 32. 

BREY, R., HOLLIDAY, S., SAKLAD, A., NAVARRETE, M., HERMOSILLO-
ROMO, D., STALLWORTH, C., VALDEZ, C., ESCALANTE, A., DEL 
RINCON, I., GRONSETH, G., RHINE, C., PADILLA, P. & MCGLASSON, 
D. 2002. Neuropsychiatric syndromes in lupus: prevalence using standardized 
definitions. Neurology, 58, 1214-1220. 

BRICKMAN, A. M., BUCHSBAUM, M. S., IVANOV, Z., BOROD, J. C., FOLDI, 
N. S., HAHN, E., MITELMAN, S. A., HAZLETT, E. A., LINCOLN, S. J., 
NEWMARK, R. E. & SHIHABUDDIN, L. 2006. Internal capsule size in 
good-outcome and poor-outcome schizophrenia. J Neuropsychiatry Clin 
Neurosci, 18, 364-76. 

BRISCH, R., BERNSTEIN, H. G., STAUCH, R., DOBROWOLNY, H., KRELL, D., 
TRUEBNER, K., MEYER-LOTZ, G., BIELAU, H., STEINER, J., KROPF, 
S., GOS, T., DANOS, P. & BOGERTS, B. 2008. The volumes of the fornix in 
schizophrenia and affective disorders: a post-mortem study. Psychiatry Res, 
164, 265-73. 

BROOKS, W., JUNG, R., FORD, C., GREINEL, E. & SIBBITT, W. J. 1999. 
Relationship between neurometabolite derangement and neurocognitive 
dysfunction in systemic lupus erythematosus. J Rheumatol, 26, 81-85. 

BROWN, A., BEGG, M., GRAVENSTEIN, S., SCHAEFER, C., WYATT, R., 
BRESNAHAN, M., BABULAS, V. & SUSSER, E. 2004. Serologic evidence 
of prenatal influenza in the etiology of schizophrenia. Arch Gen Psychiatry, 
61, 774-780. 

BROWN, A., SCHAEFER, C., WYATT, R., GOETZ, R., BEGG, M., GORMAN, J. 
& SUSSER, E. 2000. Maternal exposure to respiratory infections and adult 
schizophrenia spectrum disorders: a prospective birth cohort study. Schizophr 
Bull, 26, 287-295. 

BROWN, J. W. & JAFFE, J. 1975. Hypothesis on cerebral dominance. 
Neuropsychologia, 13, 107-10. 

BROWN, R., COLTER, N., CORSELLIS, J., CROW, T., FRITH, C., JAGOE, R., 
JOHNSTONE, E. & MARSH, L. 1986. Postmortem evidence of structural 
brain changes in schizophrenia. Arch Gen Psychiatr, 43, 36-42. 

BRUN, A. & ENGLUND, E. 1986. A white matter disorder in dementia of the 
Alzheimer type: a pathoanatomical study. Ann Neurol, 19, 253-262. 

BUCHANAN, R., VLADAR, K., BARTA, P. & PEARLSON, G. 1998. Structural 
evaluation of the prefrontal cortex in schizophrenia. Am J Psychiatry, 155, 
1049-1055. 

BUCHSBAUM, M., TANG, C., PALED, S., GUDBJARTSSON, H., LU, D., 
HAZLETT, E., DOWNHILL, J., MHAZNEDAR, M., FALLON, J. & 
ATLAS, S. 1998. MRI white matter diffusion anisotropy and PET metabolic 
rate in schizophrenia. Neuroreport, 9, 425-530. 

BUCHSBAUM, M. S., FRIEDMAN, J., BUCHSBAUM, B. R., CHU, K. W., 
HAZLETT, E. A., NEWMARK, R., SCHNEIDERMAN, J. S., TOROSJAN, 
Y., TANG, C., HOF, P. R., STEWART, D., DAVIS, K. L. & GORMAN, J. 
2006a. Diffusion tensor imaging in schizophrenia. Biol Psychiatry, 60, 1181-
7. 



 315 

BUCHSBAUM, M. S., SCHOENKNECHT, P., TOROSJAN, Y., NEWMARK, R., 
CHU, K. W., MITELMAN, S., BRICKMAN, A. M., SHIHABUDDIN, L., 
HAZNEDAR, M. M., HAZLETT, E. A., AHMED, S. & TANG, C. 2006b. 
Diffusion tensor imaging of frontal lobe white matter tracts in schizophrenia. 
Ann Gen Psychiatry, 5, 19. 

BUCHSBAUM, M. S., SHIHABUDDIN, L., BRICKMAN, A. M., MIOZZO, R., 
PRIKRYL, R., SHAW, R. & DAVIS, K. 2003. Caudate and putamen volumes 
in good and poor outcome patients with schizophrenia. Schizophr Res, 64, 53-
62. 

BUDEL, S., PADUKKAVIDANA, T., LIU, B. P., FENG, Z., HU, F., JOHNSON, S., 
LAUREN, J., PARK, J. H., MCGEE, A. W., LIAO, J., STILLMAN, A., KIM, 
J. E., YANG, B. Z., SODI, S., GELERNTER, J., ZHAO, H., HISAMA, F., 
ARNSTEN, A. F. & STRITTMATTER, S. M. 2008. Genetic variants of 
Nogo-66 receptor with possible association to schizophrenia block myelin 
inhibition of axon growth. J Neurosci, 28, 13161-72. 

BULLMORE, E., SUCKLING, J., OVERMEYER, S., RABE-HESKETH, S., 
TAYLOR, E. & BRAMMER, M. 1999. Global, voxel and cluster tests, by 
theory and permutation, for a difference between two groups of structural MR 
images of the brain. IEEE Trans Med Imaging, 18, 33-42. 

BULLMORE, E. T., FRANGOU, S. & MURRAY, R. M. 1997. The dysplastic net 
hypothesis: an integration of developmental and dysconnectivity theories of 
schizophrenia. Schizophr Res, 28, 143-56. 

BURNS, A., CARRICK, J., AMES, D., NAGUIB, M. & LEVY, R. 1989. The 
cerebral cortical appearance in late paraphrenia. Int J Geriatr Psychiatry, 4, 
31-34. 

BURNS, J., JOB, D., BASTIN, M., WHALLEY, H., MACGILLIVRAY, T., 
JOHNSTONE, E. & LAWRIE, S. 2003. Structural disconnectivity in 
schizophrenia: a diffusion tensor magnetic resonance imaging study. Br J 
Psychiatry, 182, 439-443. 

BUSTILLO, J. R., ROWLAND, L. M., MULLINS, P., JUNG, R., CHEN, H., 
QUALLS, C., HAMMOND, R., BROOKS, W. M. & LAURIELLO, J. 2010. 
1H-MRS at 4 tesla in minimally treated early schizophrenia. Mol Psychiatry, 
15, 629-36. 

BYNE, W., DRACHEVA, S., CHIN, B., SCHMEIDLER, J. M., DAVIS, K. L. & 
HAROUTUNIAN, V. 2008. Schizophrenia and sex associated differences in 
the expression of neuronal and oligodendrocyte-specific genes in individual 
thalamic nuclei. Schizophr Res, 98, 118-28. 

BYRD, S., DARLING, C. & WILCZYNSKI, M. 1993. White matter of the brain: 
maturation and myelination of magnetic resonance in infants and children. 
Neuroimag Clin Nth Am, 3, 247-266. 

BYRD, S. E., RADKOWSKI, M. A., FLANNERY, A. & MCLONE, D. G. 1990. The 
clinical and radiological evaluation of absence of the corpus callosum. Eur J 
Radiol, 10, 65-73. 

CAAN, M. W., VERMEER, K. A., VAN VLIET, L. J., MAJOIE, C. B., PETERS, B. 
D., DEN HEETEN, G. J. & VOS, F. M. 2006. Shaving diffusion tensor 
images in discriminant analysis: a study into schizophrenia. Med Image Anal, 
10, 841-9. 

CAETANO, S., KAUR, S., BRAMBILLA, P., NICOLETTI, M., HATCH, J., SASSI, 
R., MALLINGER, A., KESHAVAN, M., KUPFER, D., FRANK, E. & 
SOARES, J. 2006. Smaller cingulate volume in unipolar depressed patients. 



 316 

Biol Psychiatry, 59, 702-706. 
CAHN, W., HULSHOFF POL, H. E., LEMS, E. B., VAN HAREN, N. E., 

SCHNACK, H. G., VAN DER LINDEN, J. A., SCHOTHORST, P. F., VAN 
ENGELAND, H. & KAHN, R. S. 2002. Brain volume changes in first-episode 
schizophrenia: a 1-year follow-up study. Arch Gen Psychiatry, 59, 1002-10. 

CAHN, W., VAN HAREN, N. E., HULSHOFF POL, H. E., SCHNACK, H. G., 
CASPERS, E., LAPONDER, D. A. & KAHN, R. S. 2006. Brain volume 
changes in the first year of illness and 5-year outcome of schizophrenia. Br J 
Psychiatry, 189, 381-2. 

CAMCHONG, J., MACDONALD, A. W., 3RD, BELL, C., MUELLER, B. A. & 
LIM, K. O. 2009. Altered Functional and Anatomical Connectivity in 
Schizophrenia. Schizophr Bull. 

CAMPO, J., STOWE, R., SLOMKA, G., BYLER, D. & GRACIOUS, B. 1998. 
Psychosis as a presentation of physical disease in adolescence: a case of 
Niemann-Pick disease typc C. Dev Med Child Neurol, 40, 126-129. 

CANNON, M., JONES, P., GILVARAY, C., RIFKIN, L., MCKENZIE, K., 
FOERSTER, A. & MURRAY, R. 1997. Premorbid social functioning in 
schizophrenia and bipolar disorder: similarities and differences. Am J 
Psychiatry, 154, 1544-1550. 

CANNON, T., KAPRIO, J., LONNQVIST, J., HUTTUNEN, M. & KOSKENVUO, 
M. 1998a. The genetic epidemiology of schizophrenia in a finnish twin cohort. 
Arch Gen Psychiatry, 55, 67-74. 

CANNON, T., VAN ERP, T., HUTTUNEN, M., LONNQVIST, J., SALONEN, O., 
VALANNE, L., POUTANEN, V., STANDERTSKJOLD-NORDENSTAM, 
C., GUR, R. & YAN, M. 1998b. Regional gray matter, white matter, and 
cerebrospinal fluid distributions in schizophrenic patients, their siblings, and 
controls. Arch Gen Psychiatry, 55, 1084-1091. 

CANNON, T., VAN ERP, T., ROSSO, I., HUTTUNEN, M., LONNQVIST, J., 
PIRKOLA, T., SALONEN, O., VALANNE, L., POUTANEN, V. & 
STANDERTSKJOLD-NORDENSTAM, C. 2002. Fetal hypoxia and structural 
brain abnormalities in schizophrenic patients, their siblings and controls. Arch 
Gen Psychiatry, 59, 35-41. 

CARDNO, A., RIJSDIJK, F., SHAM, P., MURRAY, R. & MCGUFFIN, P. 2002. A 
twin study of genetic relationship between psychotic symptoms. Am J 
Psychiatry, 159, 539-545. 

CARLSON, M., EARLS, F. & TODD, R. D. 1988. The importance of regressive 
changes in the development of the nervous system: towards a neurobiological 
theory of child development. Psychiatr Dev, 6, 1-22. 

CARROLL, B., ANFINSON, T., KENNEDY, J., YENDREK, R., BOUTROS, M. & 
BILON, A. 1994. Catatonic disorder due to general medical conditions. J 
Neuropsychiatry Clin Neurosci, 6, 122-133. 

CARUNCHO, H., DOPESO-REYES, I., LOZA, M. & RODRIGUEZ, M. 2004. A 
GABA, reelin and the neurodevelopmental hypothesis of schizophrenia. Crit 
Rev Neurobiol, 16, 25-32. 

CARUSO, A., DI GIORGI GEREVINI, V., CASTIGLIONE, M., MARINELLI, F., 
TOMASSINI, V., POZZILLI, C., CARICASOLE, A., BRUNO, V., 
CACIAGLI, F., MORETTI, A., NICOLETTI, F. & MELCHIORRI, D. 2004. 
Testosterone amplifies excitotoxic damage of cultured oligodendrocytes. J 
Neurochem, 88, 1179-1185. 

CASANOVA, M., SANDERS, R., GOLDBERG, T., BIGELOW, L., CHRISTISON, 



 317 

G. & TORREY, E. 1990a. Axonal counts of the corpus callosum of 
schizophrenic patients. J Neurol Neurosurg Psychiatr, 53, 416-421. 

CASANOVA, M., SANDERS, R., GOLDBERG, T., BIGELOW, L., CHRISTISON, 
G., TORREY, E. & WEINBERGER, D. 1990b. Morphometry of the corpus 
callosum in monozygotic twins discordant for schizophrenia: a magnetic 
resonance imaging study. J Neurol Neurosurg Psychiatry, 53, 416-421. 

CASCIO, C., STYNER, M., SMITH, R. G., POE, M. D., GERIG, G., HAZLETT, H. 
C., JOMIER, M., BAMMER, R. & PIVEN, J. 2006. Reduced relationship to 
cortical white matter volume revealed by tractography-based segmentation of 
the corpus callosum in young children with developmental delay. Am J 
Psychiatry, 163, 2157-63. 

CATTS, S. V., WARD, P. B., GARVEY, J. R., FOX, A. M., MICHIE, P. T. & 
MCCONAGHY, N. 1988. Somatosensory evoked potential activity: a measure 
of interhemispheric transfer in schizophrenia? Int J Neurosci, 38, 131-40. 

CHAMBERS, J. & PERRONE-BIZZOZERO, N. 2004. Altered myelination of the 
hippocampal formation in subjects with schizophrenia and bipolar disorder. 
Neurochem Res, 29, 2293-2302. 

CHAN, J., WATKINS, T., COSGAYA, J., ZHANG, C., CHEN, L., REICHARDT, 
L., SHOOTER, E. & BARRES, B. 2004. NGF controls axonal receptivity to 
myelination by Schwann cells or oligodendrocytes. Neuron, 43, 183-191. 

CHAN, W. Y., YANG, G. L., CHIA, M. Y., LAU, I. Y., SITOH, Y. Y., NOWINSKI, 
W. L. & SIM, K. 2010. White matter abnormalities in first-episode 
schizophrenia: A combined structural MRI and DTI study. Schizophr Res, 
119, 52-60. 

CHANG, L., FRIEDMAN, J., ERNST, T., ZHONG, K., TSOPELAS, N. D. & 
DAVIS, K. 2007. Brain metabolite abnormalities in the white matter of elderly 
schizophrenic subjects: implication for glial dysfunction. Biol Psychiatry, 62, 
1396-404. 

CHEN, C., RIDLER, K., SUCKLING, J., WILLIAMS, S., FU, C., MERLO-PICH, E. 
& BULLMORE, E. 2006. Brain imaging correlates of depressive symptom 
severity and predictors of symptom improvement after antidepressant 
treatment. Biol Psychiatry, 62, 407-414. 

CHEN, G., RAJKOWSKA, G., DU, F., SERAJI-BOZORGZAD, N. & MANJI, H. 
2000. Enhancement of hippocampal neurogenesis by lithium. J Neurochem, 
75, 1729-1734. 

CHEN, X., WEN, W., MALHI, G., IVANOVSKI, B. & SACHDEV, P. 2007. 
Regional gray matter changes in bipolar disorder: a voxel-based morphometric 
study. Aust NZ J Psychiatry, 41, 327-336. 

CHEN, Y., WU, F., HOU, L., MA, S. & HE, X. 1997. Antiganglioside antibodies in 
cerebrospinal fluid of children with neuropsychiatric lupus erythematosus. 
Chin Med J (Engl), 110, 594-597. 

CHEUNG, V., CHEUNG, C., MCALONAN, G. M., DENG, Y., WONG, J. G., YIP, 
L., TAI, K. S., KHONG, P. L., SHAM, P. & CHUA, S. E. 2008. A diffusion 
tensor imaging study of structural dysconnectivity in never-medicated, first-
episode schizophrenia. Psychol Med, 38, 877-85. 

CHIMOWITZ, M., ESTES, M., FURLAN, A. & AWAD, I. 1992. Further 
observations on the pathology of subcortical lesions identified on magnetic 
resonance imaging. Arch Neurol, 49, 747-752. 

CHOE, B., KIM, K., SUH, T., LEE, C., PAIK, I., BAHK, Y., SHINN, K. & 
LENKINSKI, R. 1994. 1H magnetic resonance spectroscopy characterization 



 318 

of neuronal dysfunction in drug-naive, established schizophrenia. Acad 
Radiol, 1, 211-216. 

CHRISTENSEN, J., HOLCOMB, J. & GARVER, D. 2004a. State-related changes in 
cerebral white matter may underlie psychosis exacerbation. Psychiatry Res, 
130, 71-78. 

CHRISTENSEN, J., HOLCOMB, J. & GARVER, D. 2004b. State-related changes in 
cerebral white matter may underlie psychosis exacerbation. Psychiatry Res 
Neuroimaging, 30, 71-78. 

CHUA, S. E., CHEUNG, C., CHEUNG, V., TSANG, J. T., CHEN, E. Y., WONG, J. 
C., CHEUNG, J. P., YIP, L., TAI, K. S., SUCKLING, J. & MCALONAN, G. 
M. 2007. Cerebral grey, white matter and csf in never-medicated, first-episode 
schizophrenia. Schizophr Res, 89, 12-21. 

CLARKE, J. & ZAIDEL, E. 1994. Anatomical-behavioral relationships: corpus 
callosum morphometry and hemispheric specialization. Behav Brain Res, 64, 
185-202. 

COFFEY, C., DJANG, W. & WEINGER, R. 1990. Subcortical hyperintensities on 
MRI: a comparison of normal and depressed elderly subjects. Am J 
Psychiatry, 147, 187-189. 

COFFMAN, J., BORNSTEIN, R., OLSON, S., SCHWARZKOPF, S. & 
NASRALLAH, H. 1990. Cognitive impairment and cerebral structure by MRI 
in bipolar disorder. Biol Psychiatry, 27, 1188-1196. 

COFFMAN, J., SCHWARZKOPF, S., OLSON, S. & NASRALLAH, H. 1989. 
Midsagittal cerebral anatomy by magnetic resonance imaging. The importance 
of slice position and thickness. Schizophr Res, 2, 287-294. 

COHEN, R., MARMUR, R., NORTON, W., MEHLER, M. & KESSLER, J. 1996. 
Nerve growth factor and neurotrophin-3 differentially regulate the 
proliferation and survival of developing rat brain oligodendrocytes. J 
Neurosci, 16, 6433-6442. 

COLLA, M., KRONENBERG, G., DEUSCHLE, M., MELCHEL, K., HAGEN, T., 
BOHRER, M. & HEUSER, I. 2006. Hippocampal volume reduction and 
HPA-system activity in major depression. J Psychiatr Res, 41, 553-560. 

COLLINS, D., NEELIN, P., PETERS, T. & EVANS, A. 1994. Automatic 3D inter-
subject registration of MR volumetric data in standard Tailarach space. J 
Comput Assist Tomog, 18, 192-205. 

COLOMBO, C., BONFANTI, A. & SCARONE, S. 1994. Anatomical characteristics 
of the corpus callosum and clinical correlates in schizophrenia. Eur Arch 
Psychiatry Clin Neurosci, 243, 244-8. 

COLSCH, B., AFONSO, C., TURPIN, J. C., PORTOUKALIAN, J., TABET, J. C. & 
BAUMANN, N. 2008. Sulfogalactosylceramides in motor and psycho-
cognitive adult metachromatic leukodystrophy: relations between clinical, 
biochemical analysis and molecular aspects. Biochim Biophys Acta, 1780, 
434-40. 

CONLEY, M., BECKWITH, J., MANCER, J. & TENCKHOFF, L. 1979. The 
spectrum of DiGeorge syndrome. J Pediatr, 94, 883-890. 

CONOVER, P. T. & ROESSMANN, U. 1990. Malformational complex in an infant 
with intrauterine influenza viral infection. Arch Pathol Lab Med, 114, 535-8. 

COPLAND, C., DRACHEVA, S., DAVIS, K. & HAROUTUNIAN, V. 2002. mRNA 
expression of three isoforms of myelin associated glycoprotein (MAG) in 
patients with schizophrenia [abstract]. Abstr Soc Neurosci, 28, 494. 

COPPOLA, R., MYSLOBODSKY, M. & WEINBERGER, D. 1995. Midline 



 319 

abnormalities and psychopathology: how reliabile is the midsagittal magnetic 
resonance "window" into the brain? Psychiatry Research Neuroimaging, 61, 
33-42. 

COSTA, E., CHEN, Y., DAVIS, J., DONG, E., NOH, J., TREMOLIZZO, L., 
VELDIC, M., GRAYSON, D. & GUIDOTTI, A. 2002. Reelin and 
schizophrenia: a disease at the interface of the genome and the epigenome. 
Mol Int, 2, 47-57. 

COSTA, E., DAVIS, J., GRAYSON, D., GUIDOTTI, A., PAPPAS, G. & PESOLD, 
C. 2001. Dendritic spine hypoplasia and downregulation of reelin and 
GABAergic tone in schizophrenia vulnerability. Neurobiol Dis, 8, 723-742. 

COTTER, D., PARIANTE, C. & EVERALL, I. 2001. Glial abnormalities in major 
psychiatric disorders: the evidence and implications. Brain Res Bull, 55, 585-
595. 

COTTON, S. M., LAMBERT, M., SCHIMMELMANN, B. G., FOLEY, D. L., 
MORLEY, K. I., MCGORRY, P. D. & CONUS, P. 2009. Gender differences 
in premorbid, entry, treatment, and outcome characteristics in a treated 
epidemiological sample of 661 patients with first episode psychosis. Schizophr 
Res, 114, 17-24. 

COVAULT, J., LEE, J., JENSEN, K. & KRANZLER, H. 2004. Nogo 3' untranslated 
region CAA insertion: failure to replicate association with schizophrenia and 
demonstration of marked population difference in the frequency of the 
insertion. Mol Brain Res, 120, 197-200. 

COX, P. & HALES, R. 1999. CNS Sjogren's syndrome: an underrecognized and 
underappreciated neuropsychiatric disorder. J Neuropsychiatry Clin Neurosci, 
11, 241-247. 

CRADDOCK, N., O'DONOVAN, M. & OWEN, M. 2005. Genetics of schizophrenia 
and bipolar disorder: dissecting of psychosis. Journal of Medical Genetics, 42, 
193-204. 

CRADDOCK, N., O'DONOVAN, M. & OWEN, M. 2006a. Genes for schizophrenia 
and bipolar disorder? Implications for psychiatric nosology. Schizophr Bull, 
32 . 

CRADDOCK, N., O'DONOVAN, M. & OWEN, M. 2006b. Genes for schizophrenia 
and bipolar disorder? Implications for psychiatric nosology. Schizophrenia 
Bulletin, 32 . 

CRADDOCK, N. & OWEN, M. 2005a. The beginning of the end for the Kraepelinian 
dichotomy. Br J Psychiatry, 186, 364-366. 

CRADDOCK, N. & OWEN, M. 2005b. The beginning ofthe end for the Kraepelinian 
dichotomy. British Journal of Psychiatry, 186, 364-366. 

CROW, T. 1990. The continuum of psychosis and its genetic origins. The sixty-fifth 
Maudsley lecture. British Journal of Psychiatry, 156, 788-797. 

CROW, T. 1998. Schizophrenia as a transcallosal misconnection syndrome. 
Schizophr Res, 30, 111-114. 

CROW, T. J. 1997. Schizophrenia as failure of hemispheric dominance for language. 
Trends Neurosci, 20, 339-43. 

CRUM, R., ANTHONY, J., BASSETT, A. & FOLSTEIN, M. 1993. Population-
based norms for the Mini Mental Status Examination by age and education 
level. JAMA, 269, 2386-2391. 

CULLBERG, J. 2003. Stressful life events preceding the first onset of psychosis. An 
explorative study. Nord J Psychiatry, 57, 209-14. 

CUMMINGS, J. 1990. Subcortical Dementia., New York, Oxford University Press. 



 320 

DAMOISEAUX, J. S., ROMBOUTS, S. A., BARKHOF, F., SCHELTENS, P., 
STAM, C. J., SMITH, S. M. & BECKMANN, C. F. 2006. Consistent resting-
state networks across healthy subjects. Proc Natl Acad Sci U S A, 103, 13848-
53. 

DAVID, A. 1994. Schizophrenia and the corpus callosum: developmental, structural 
and functional relationships. Behav Brain Res, 64, 203-211. 

DAVID, A., WACHARASINDHU, A. & LISHMAN, W. 1993. Severe psychiatric 
disturbance and abnormalities of the corpus callosum: review and case series. 
J Neurol Neurosurg Psychiatr, 56, 85-93. 

DAVID, A. S. 1987. Tachistoscopic tests of colour naming and matching in 
schizophrenia: evidence for posterior callosum dysfunction? Psychol Med, 17, 
621-30. 

DAVIDSON, M., HARVEY, P., POWCHIK, P., PARRELLA, M., WHITE, L., 
KNOBLER, H., LOSONCZY, M., KEEFE, R., KATZ, S. & FRECSKA, E. 
1995. Severity of symptoms in geriatric chronic schizophrenic patients. Am J 
Psychiatry, 152, 197-207. 

DAVIES, D., WARDELL, A., WOOLSEY, R. & JAMES, A. 2001. Enlargement of 
the fornix in early onset schizophrenia: a quantitative MRI study. Neurosci 
Lett, 301, 163-166. 

DAVIS, K., KWON, A., CARDENAS, V. & DEICKEN, R. 2004. Decreased cortical 
gray and cerebral white matter in male patients with familial bipolar I 
disorder. J Affect Disord, 82, 475-485. 

DAVIS, K., STEWART, D., FRIEDMAN, J. & AL, E. 2003a. White matter changes 
in schizophrenia: evidence for myelin-related dysfunction. Arch Gen 
Psychiatr, 60, 443-456. 

DAVIS, K., STEWART, D., FRIEDMAN, J., BUCHSBAUM, M., HARVEY, P., 
HOF, P., BUXBAUM, J. & HAROUTUNIAN, V. 2003b. White matter 
changes in schizophrenia: evidence for myelin-related dysfunction. Arch Gen 
Psychiatr, 60, 443-456. 

DAVIS, K. L., BUCHSBAUM, M. S., SHIHABUDDIN, L., SPIEGEL-COHEN, J., 
METZGER, M., FRECSKA, E., KEEFE, R. S. & POWCHIK, P. 1998. 
Ventricular enlargement in poor-outcome schizophrenia. Biol Psychiatry, 43, 
783-93. 

DAVIS, K. L., KAHN, R. S., KO, G. & DAVIDSON, M. 1991. Dopamine in 
schizophrenia: a review and reconceptualization. Am J Psychiatry, 148, 1474-
86. 

DAVIS, K. L., STEWART, D. G., FRIEDMAN, J. I., BUCHSBAUM, M., 
HARVEY, P. D., HOF, P. R., BUXBAUM, J. & HAROUTUNIAN, V. 2003c. 
White matter changes in schizophrenia: evidence for myelin-related 
dysfunction. Arch Gen Psychiatry, 60, 443-56. 

DAVISON, K. & BAGLEY, C. 1969. Schizophrenia-like psychoses associated with 
organic disorder of the central nervous system: a review of the literature. Br J 
Psychiatry, 113 (suppl 1), 18-69. 

DAY, R. 1981. Life events and schizophrenia: the "triggering" hypothesis. Acta 
Psychiatr Scand, 64, 97-122. 

DE STEFANO, N., DOTTI, M., MORTILLA, M. & FEDERICO, A. 2001. Magnetic 
resonance imaging and spectroscopic changes in brains of patients with 
cerebrotendinous xanthomatosis. Brain, 124, 121-131. 

DEBELLIS, M., CASEY, B., DAHL, R., BIRMAHER, B., WILLIAMSON, D., 
THOMAS, K., AXELSON, D., FRUSTACI, K., BORING, A., HALL, J. & 



 321 

RYAN, N. 2000. A pilot study of amygdala volumes in pediatric generalized 
anxiety disorder. Biol Psychiatry, 48, 51-57. 

DEBELLIS, M., KESHAVAN, M., SHIFFLETT, H., IYENGAR, S., DAHL, R., 
AXELSON, D., BIRMAHER, B., HALL, J., MORITZ, G. & RYAN, N. 2002. 
Superior temporal gyrus volumes in pediatric generalized anxiety disorder. 
Biol Psychiatry, 51 . 

DEICKEN, R., REUS, V., MANFREDI, L. & WOLKOWITZ, O. 1991. MRI deep 
white matter intensity in a psychiatric population. Biol Psychiatry, 29, 918-
922. 

DEJERINE, J. 1892. Contribution a l'etude anatomo-pathologique et clinique des 
differentes varietes de cecite verbale. Mem Soc Biol, 4, 61-90. 

DELACOSTE, M., KIRKPATRICK, J. & ROSS, E. 1985. Topography of the human 
corpus callosum. J Neuropathol Exp Neurol, 44, 578-591. 

DELISI, L. E. 2008. The concept of progressive brain change in schizophrenia: 
implications for understanding schizophrenia. Schizophr Bull, 34, 312-21. 

DELISI, L. E., SAKUMA, M., GE, S. & KUSHNER, M. 1998. Association of brain 
structural change with the heterogeneous course of schizophrenia from early 
childhood through five years subsequent to a first hospitalization. Psychiatry 
Res, 84, 75-88. 

DELISI, L. E., SAKUMA, M., MAURIZIO, A. M., RELJA, M. & HOFF, A. L. 2004. 
Cerebral ventricular change over the first 10 years after the onset of 
schizophrenia. Psychiatry Res, 130, 57-70. 

DELISI, L. E., SAKUMA, M., TEW, W., KUSHNER, M., HOFF, A. L. & 
GRIMSON, R. 1997. Schizophrenia as a chronic active brain process: a study 
of progressive brain structural change subsequent to the onset of 
schizophrenia. Psychiatry Res, 74, 129-40. 

DELLER, T., DRAKEW, A., HEIMRICH, B. & AL, E. 1999. The hippocampus of 
the reeler mutant mouse: fiber segregation in area CA1 depends on the 
position of the postsynaptic target cells. Exp Neurol, 156, 254-267. 

DEMILY, C., JACQUET, P. & MARIE-CARDINE, M. 2009. How to differentiate 
schizophrenia from bipolar disorder using cognitive assessment. Encephale, 
35, 139-145. 

DENBURG, S., CARBOTTE, R. & DENBURG, J. 1997. Cognition and mood in 
systemic lupus erythematosus. Evaluation and pathogenesis. Ann NY Acad Sci, 
823, 44-59. 

DENENBERG, V. H., KERTESZ, A. & COWELL, P. E. 1991. A factor analysis of 
the human's corpus callosum. Brain Res, 548, 126-32. 

DEQUARDO, J., KESHAVAN, M., BOOKSTEIN, F. & AL, E. 1999. Landmark-
based morphometric analysis of first-episode schizophrenia. Biol Psychiatry, 
45, 1321-1328. 

DI, X., CHAN, R. C. & GONG, Q. Y. 2009. White matter reduction in patients with 
schizophrenia as revealed by voxel-based morphometry: an activation 
likelihood estimation meta-analysis. Prog Neuropsychopharmacol Biol 
Psychiatry, 33, 1390-4. 

DIAZ-OLAVARRIETA, C., CUMMINGS, J., VELAZQUEZ, J. & GARCIA DE AL 
CADENA, C. 1999. Neuropsychiatric manifestations of multiple sclerosis. J 
Neuropsychiatry Clin Neurosci, 11, 51-57. 

DIWADKAR, V., DABELLIS, M., SWEENEY, J., PETTEGREW, J. & 
KESHAVAN, M. 2004. Abnormalities in MRI-measured signal intensity in 
the corpus callosum in schizophrenia. Schizophr Res, 67, 277-282. 



 322 

DOBYNS, W. 1996. Absence makes the search grow longer. Am J Hum Genet, 58, 7-
16. 

DORION, A., CAPRON, C. & DUYME, M. 2001. Measurement of the corpus 
callosum using magnetic resonance imaging: analysis of methods and 
technique. Percept Motor Skills, 92, 1075-1094. 

DORPH-PETERSEN, K., PIERRI, J., PEREL, J., SUN, Z., SAMPSON, A. & 
LEWIS, D. 2005. The influence of chronic exposure to antipsychotic 
medications on brain size before and after tissue fixation: a comparison of 
haloperidol and olanzapine in macaque monkeys. Neuropsychopharmacol, 30, 
1649-1661. 

DOTTI, M., FEDERICO, A., SIGNORINI, E. & AL, E. 1994. Cerebrotendinous 
xanthomatosis (van Bogaert-Scherer-Epstein disease): CT and MR findings. 
AJNR, 15, 1721-1726. 

DOTTI, M., SALEN, G. & FEDERICO, A. 1991. Cerebrotendinous xanthomatosis as 
a multisystem disease mimicking premature ageing. Dev Neurosci, 13, 371-
376. 

DOUAUD, G., SMITH, S., JENKINSON, M., BEHRENS, T., JOHANSEN-BERG, 
H., VICKERS, J., JAMES, S., VOETS, N., WATKINS, K., MATTHEWS, P. 
& JAMES, A. 2007. Anatomically related grey and white matter abnormalities 
in adolescent-onset schizophrenia. Brain, 130, 2375-2386. 

DOUSSET, V., BROCHET, B., VITAL, A., GROSS, C., BENAZZOUZ, A., 
BOULLERNE, A., BIDABE, A., GIN, A. & CAILLE, J. 1995. Lysolecithin-
induced demyelination in primates: preliminary in vivo study with MR and 
magnetization transfer. Am J Neuroradiol, 16, 225-231. 

DOUSSET, V., GROSSMAN, R., RAMER, K., SCHNALL, M., YOUNG, L., 
GONZALEZ-SCARAN, F., LAVI, E. & COHEN, J. 1992. Experimental 
allergic encephalomyelitis and multiple sclerosis: lesion characterization with 
magnetization transfer imaging. Radiology, 182, 483-491. 

DOWNHILL, J., BUCHSBAUM, M., WEI, T. & AL, E. 2000. Shape and size of the 
corpus callosum in schizophrenia and schizotypal personality disorder. 
Schizophr Res, 42, 193-208. 

DRACHEVA, S., DAVIS, K., CHIN, B., WOO, D., SCHMEIDLER, J. & 
HAROUTUNIAN, V. 2005. Myelin-associated mRNA and protein expression 
deficits in the anterior cingulate cortex and hippocampus in elderly 
schizophrenia patients. Neurol Dis, In Press. 

DRAYER, B. 1988. Imaging of the aging brain, I: normal findings. Radiology, 166, 
785-796. 

DREVETS, W. 1999. Prefrontal cortical–amygdalar metabolism in major depression. 
Ann New York Acad Sci, 877, 614-637. 

DREVETS, W., FRANKE, E., PRICE, J., KUPFER, D., GREEF, P. & MATHIS, C. 
2000. Serotonin type-1A receptor imaging in depression. Nuclear Medicine 
and Biology, 27, 499-507. 

DREVETS, W., PRICE, J., SIMPSON, J., TODD, R., REICH, T., VANNIER, M. & 
RAICHIE, M. 1997. Subgenual prefrontal cortex abnormalities in mood 
disorders. Nature, 386, 824-827. 

DREVETS, W., VIDEEN, T., PRICE, J., PRESKORN, S., CARMICHAEL, S. & 
RAICHLE, M. 1992. A functional anatomical study of unipolar depression. J 
Neurosci, 12, 3628-3641. 

DUAN, Y., HE, Q., YIN, X., GU, X., KARSCH, K. & MILES, J. In Press. Detecting 
corpus callosum abnormalities in autism subtype using planar conformal 



 323 

mapping. Int J Num Meth Biomed Eng. 
DUBB, A., AVANTS, B., GUR, R. & GEE, J. 2002. Shape characterization of the 

corpus clalosum in schizophrenia using template deformation. Lecture Notes 
in Computer Science, 2489, 381-388. 

DULANEY, J. & MOSER, H. 1978. Sulfatide lipidosis: metachromatic 
leukodystrophy. In: STANBURY, J., WYNGAARDEN, J. & 
FREDERICKSON, D. (eds.) The Metabolic Basis of Inherited Disease. New 
York: McGraw-Hill. 

DUPONT, R., JERNIGAN, T., BUTLERS, N., DELIS, D., HESSELINK, J., 
HEINDEL, W. & GILLIN, J. 1990. Subcortical abnormalities detected in 
bipolar affective disorder using magnetic resonance imaging. Clinical and 
neuropsychological significance. Arch Gen Psychiatr, 47, 55-59. 

DYER, C., KENDLER, A., PHILIBOTE, T. & AL, E. 1996. Evidence for central 
nervous system glial cell plasticity in phenylketonuria. J Neuropathol Exp 
Neurol, 55, 795-814. 

EL-BADRI, S., COUSINS, D., PARKER, S., ASHTON, H., MCALLISTER, V., 
FERRIER, I. & MOORE, P. 2006. Magnetic resonance imaging abnormalities 
in young euthymic patients with bipolar affective disorder. Br J Psychiatry, 
189, 81-82. 

ELKIS, H., FRIEDMAN, L., WISE, A. & MELTZER, H. 1995. Meta-analyses of 
studies of ventricular enlargement and cortical sulcal prominence in mood 
disorders. Comparisons with controls or patients with schizophrenia. Archives 
of  General Psychiatry, 52, 735-746. 

ELLEDER, M., JIRASEK, A., SMID, F., LEDVINOVA, J. & BESLEY, G. 1985. 
Niemann-Pick disease type C. Study on the nature of the cerebral storage 
process. Acta Neuropathol, 66, 325-366. 

ELLISON-WRIGHT, I. & BULLMORE, E. 2009. Meta-analysis of diffusion tensor 
imaging studies in schizophrenia. Schizophr Res, 108, 3-10. 

ELLISON-WRIGHT, I. & BULLMORE, E. 2010. Anatomy of bipolar disorder and 
schizophrenia: a meta-analysis. Schizophr Res, 117, 1-12. 

ELVIDGE, A. & REED, G. 1938. Biopsy studies of cerebral pathologic changes in 
schizophrenia and manic-depressive psychosis. Arch Neurol Psychiatry, 40, 
227-268. 

ENDRASS, T., MOHR, B. & ROCKSTROH, B. 2002. Reduced interhemispheric 
transmission in schizophrenia patients: evidence from event-related potentials. 
Neurosci Lett, 320, 57-60. 

ESIRI, M. 2000. Which vascular lesions are of importance in vascular dementia? Ann 
NY Acad Sci, 903, 239-243. 

ESTES, D. & CHRISTIAN, C. 1971. The natural history of systemic lupus 
erythematosus by prospective analysis. Medicine, 50, 85-95. 

EWALD, H., FLINT, T. J., JORGENSEN, T. H., WANG, A. G., JENSEN, P., 
VANG, M., MORS, O. & KRUSE, T. A. 2002. Search for a shared segment 
on chromosome 10q26 in patients with bipolar affective disorder or 
schizophrenia from the Faroe Islands. Am J Med Genet, 114, 196-204. 

FANNON, D., CHITNIS, X., DOKU, V., TENNAKOON, L., O'CEALLAIGH, S., 
SONI, W., SUMICH, A., LOWE, J., SANTAMARIA, M. & SHARMA, T. 
2000. Features of structural brain abnormality detected in first-episode 
psychosis. Am J Psychiatry, 157, 1829-34. 

FARBER, N., WOZNIAK, D., PRICE, M. & AL, E. 1995. Age-specific neurotoxicity 
in the rat associated with NMDA receptor blockade: potential relevance to 



 324 

schizophrenia? Biol Psychiatry, 38, 788-796. 
FARKAS, N., LENDECKEL, U., DOBROWOLNY, H., FUNKE, S., STEINER, J., 

KEILHOFF, G., SCHMITT, A., BOGERTS, B. & BERNSTEIN, H. G. 2010. 
Reduced density of ADAM 12-immunoreactive oligodendrocytes in the 
anterior cingulate white matter of patients with schizophrenia. World J Biol 
Psychiatry, 11, 556-66. 

FARRELLY, S., HARRIS, M., HENRY, L., PURCELL, R., PROSSER, A., 
SCHWARTZ, O., JACKSON, H. & MCGORRY, P. 2007. Prevalence and 
correlates of comorbidity 8 years after a first psychotic episode. Acta 
Psychiatr Scand, 116, 62-70. 

FARROW, T., WHITFORD, T., WILLIAMS, L., GOMES, L. & HARRIS, A. 2005a. 
Diagnosis-related regional gray matter loss over two years in first episode 
schizophrenia and bipolar disorder. Biol Psychiatry, 58, 713-723. 

FARROW, T., WHITFORD, T., WILLIAMS, L., GOMES, L. & HARRIS, A. 2005b. 
Diagnosis-related regional gray matter loss over two years in first episode 
schizophrenia and bipolar disorder. Biological Psychiatry, 58, 713-723. 

FATEMI, S. 2005. Reelin glycoprotein: structure, biology and roles in health and 
disease. Mol Psychiatry, 10, 251-257. 

FATEMI, S., EARLE, J. & MCMENOMY, T. 2000. Reduction in Reelin 
immunoreactivity in hippocampus of subjects with schizophrenia, bipolar 
disorder and major depression. Mol Psychiatry, 5. 

FATEMI, S., EMAMIAN, E., KIST, D. & AL, E. 1999. Defective corticogenesis and 
reduction in Reelin immunoreactivity in cortex and hippocampus of prenatally 
infected neonatal mice. Mol Psychiatry, 4, 145-154. 

FATEMI, S., KROLL, J. & STARY, J. 2001. Altered levels of Reelin and its 
isoforms in schizophrenia and mood disorders. Neuroreport, 12, 3209-3215. 

FATEMI, S., PEARCE, D., BROOKS, A. & SIDWELL, R. 2005. Prenatal viral 
infection in mouse causes differential expression of genes in brains of mouse 
progeny: a potential animal model for schizophrenia and autism. Synapse, 57, 
91-99. 

FATEMI, S., REUTIMAN, T., FOLSOM, T., HUANG, H., OISHI, K., MORI, S., 
SMEE, D., PEARCE, D., WINTER, C., SOHR, W. & JUCKEL, G. 2008. 
Maternal infection leads to abnormal gene regulation and brain atrophy in 
mouse offspring: Implications for genesis of neurodevelopmental disorders. 
Schizophr Res, 99, 56-70. 

FATEMI, S. H., FOLSOM, T. D., REUTIMAN, T. J., ABU-ODEH, D., MORI, S., 
HUANG, H. & OISHI, K. 2009. Abnormal expression of myelination genes 
and alterations in white matter fractional anisotropy following prenatal viral 
influenza infection at E16 in mice. Schizophr Res, 112, 46-53. 

FAZEKAS, F., CHAWLUCK, J., ALAVI, A., HURTIG, H. & ZIMMERMAN, R. 
1987. MR signal abnormalities at 1.5T in Alzheimer's dementia and normal 
ageing. Am J Neuroradiol, 8, 421-426. 

FEDERSPIEL, A., BEGRE, S., KIEFER, C., SCHROTH, G., STRIK, W. K. & 
DIERKS, T. 2006. Alterations of white matter connectivity in first episode 
schizophrenia. Neurobiol Dis, 22, 702-9. 

FEINBERG, I. 1982. Schizophrenia: caused by a fault in programmed synaptic 
elimination during adolescence? J Psychiatr Res, 17, 319-34. 

FEINSTEIN, A. 1999. The Clinical Neuropsychiatry of Multiple Sclerosis., 
Cambridge, Cambridge University Press. 

FEINSTEIN, A., DU BOULAY, G. & RON, M. 1992. Psychotic illness in multiple 



 325 

sclerosis. Br J Psychiatry, 161, 680-685. 
FERNØ, J., RADER, M., VIK-MO, A., SKREDE, S., GLAMBEK, M., TRONSTAD, 

K.-J., BREILID, H., LØVLIE, R., BERGE, R., STANSBERG, C. & STEEN, 
W. 2005. Antipsychotic drugs activate SREBP-regulated expression of lipid 
biosynthetic genes in cultured human glioma cells: a novel mechanism of 
action? Pharmacogenomics J, July 19 epub. 

FILIPPI, M. 2003. MRI-clinical correlations in the primary course of MS: new 
insights into the disease pathophysiology from the application of 
magnetization transfer, diffusion tensor and functional MRI. J Neurol Sci, 
206, 157-164. 

FILIPPI, M. & ROCCA, M. 2004. Magnetization transfer magnetic resonance 
imaging in the assessment of neurological diseases. J Neuroimaging, 14, 303-
313. 

FILLEY, C. 1995. Behavioral Neuroanatomy., Niwot, Colorado University Press. 
FILLEY, C. 1998. The behavioural neurology of cerebral white matter. Neurology, 

50, 1535-1540. 
FILLEY, C. 1999. Toxic leukoencephalopathy. Clin Neuropharmacol, 22, 249-260. 
FILLEY, C. 2001. The Behavioural Neurology of White Matter., New York, Oxford 

University Press. 
FILLEY, C. & CULLUM, C. 1994. Attention and vigilance functions in normal 

aging. Appl Neuropsychol, 1, 29-32. 
FILLEY, C., FRANKLIN, G., HEATON, R. & ROSENBERG, N. 1988. White 

matter dementia: clinical disorders and implications. Neuropsychiatry 
Neuropsychol Behav Neurol, 1, 239-254. 

FILLEY, C. & KLEINSCHMIDT-DEMASTERS, B. 1995. Neurobehavioral 
presentations of brain neoplasms. West J Med, 163, 19-25. 

FILTEAU, M., POURCHER, E., BOUCHARD, R. & AL, E. 1992. Midline 
anomalies and organic psychosis: congenital or degenerative? A cross-
sectional study of 62 patients with Andermann syndrome. Eur Psychiatry, 7, 
109-113. 

FINK, J., FILLING-KATZ, M. & SOKAL, J. 1989. The clinical spectrum of 
Niemann-Pick disease type C. Neurology, 39, 104-01049. 

FIRST, M., SPITZER, R., GIBBON, M. & WILLIAMS, J. 1997a. Structured Clinical 
Interview for DSM-IV Axis I Disorders (SCID-I), Clinician Version., 
Arlington, VA, American Psychiatric Publishing, Inc. 

FIRST, M., SPITZER, R., GIBBON, M. & WILLIAMS, J. 1998. Structured Clinical 
Interview for DSM-IV., Washington DC, American Psychiatric Press. 

FIRST, M., SPITZER, R., WILLIAMS, J., GIBBON, M. & BENJAMIN, L. 1997b. 
Structured Clinical Interview for DSM-IV® Axis II Personality Disorders 
(SCID-II). Washington DC, American Psychiatric Press Inc. 

FIRST, M. B., SPITZER, R. L., GIBBON, M. & WILLIAMS, J. B. W. 2001. 
Structured clinical interview for axis 1 DSM-IV disorders. , New York, New 
York State Psychiatric Institute. 

FISCH, R., HOSFIELD, W., CHANG, P. & AL, E. 1979. An adult phenylketonuric 
with schizophrenia. Clinical and biochemical similarities and possible genetic 
connection between the two diseases. Minn Med, 1979. 

FITZSIMMONS, J., KUBICKI, M., SMITH, K., BUSHELL, G., ESTEPAR, R. S., 
WESTIN, C. F., NESTOR, P. G., NIZNIKIEWICZ, M. A., KIKINIS, R., 
MCCARLEY, R. W. & SHENTON, M. E. 2009. Diffusion tractography of the 
fornix in schizophrenia. Schizophr Res, 107, 39-46. 



 326 

FLYNN, S., LANG, D., MACKAY, A., GOGHARI, V., VAVASOUR, I., 
WHITTALL, K., SMITH, G., ARANGO, V., MANN, J., DWORK, A., 
FALKAI, P. & HONER, W. 2003a. Abnormalities of myelination in 
schizophrenia detected in vivo with MRI, and post-mortem analysis of 
oligodendrocyte proteins. Mol Psychiatry, 8, 811-820. 

FLYNN, S., LANG, D., MACKAY, A., GOGHARI, V., VAVASOUR, I., 
WHITTALL, K., SMITH, G., ARANGO, V., MANN, J., DWORK, A., 
FALKAI, P. & HONER, W. 2003b. Abnormalities of myelination in 
schizophrenia detected in vivo with MRI, and post-mortem with analysis of 
oligodendrocyte proteins. Mol Psychiatry, 8, 811-820. 

FONTAINE, B., SEILHEAN, D., TOURBAH, A., DAUMAS-DUPORT, C., 
DUYCKAERTS, C., BENOIT, N. & AL, E. 1994. Dementia in two 
histologically confirmed cases of multiple sclerosis: one case with isolated 
dementa and one case associated with psychiatric symptoms. J Neurol 
Neurosurg Psychiatr, 57, 353-359. 

FOONG, J., MAIER, M., BARKER, G., BROCKLEHURST, S., MILLER, D. & 
RON, M. 2000a. In vivo investigation of white matter pathology in 
schizophrenia with magnetisation transfer imaging. J Neurol Neurosurg 
Psychiatr, 68, 70-74. 

FOONG, J., MAIER, M., CLARK, C., BARKER, G., MILLER, D. & RON, M. 
2000b. Neuropathological abnormalities of the corpus callosum in 
schizophrenia: a diffusion tensor imaging study. J Neurol Neurosurg 
Psychiatr, 68, 242-244. 

FOONG, J., SYMMS, M., BARKER, G. & AL, E. 2001. Neuropathological 
abnormalities in schizophrenia: evidence from magnetization transfer imaging. 
Brain, 124, 882-892. 

FOONG, J., SYMMS, M., BARKER, G. & AL, E. 2002. Investigating regional white 
matter in schizophrenia using diffusion tensor imaging. Neuroreport, 13, 333-
336. 

FORNITO, A., MALHI, G., LAGOPOULOS, J., IVANOVSKI, B., WOOD, S., 
SALING, M. & PANTELIS, C. 2007a. Anatomical abnormalities of the 
anterior cingulate and paracingulate cortex in patients with bipolar disorder. 
Psych Res Neuroimaging, In Press. 

FORNITO, A., MALHI, G., LAGOPOULOS, J., IVANOVSKI, B., WOOD, S., 
SALING, M. & PANTELIS, C. 2007b. Anatomical abnormalities of the 
anterior cingulate and paracingulate cortex in patients with bipolar disorder. 
Psychiatry Research, 162, 123-132. 

FORNITO, A., MALHI, G., LAGOPOULOS, J., IVANOVSKI, B., WOOD, S., 
SALING, M., PANTELIS, C. & YÜCEL, M. 2008a. Anatomical 
abnormalities of the anterior cingulate and paracingulate cortex in patients 
with bipolar I disorder. Psychiatry Research, 162, 123-132. 

FORNITO, A., PHILIPS, L., YUCEL, M., WOOD, S., VELAKOULIS, D., SALING, 
M., YUNG, A., MCGORRY, P. & PANTELIS, C. 2007c. Anatomical 
abnormalities of the anterior cingulate cortex and paracingulate cortex prior to 
the onset of schizophrenia or affective psychosis. Neuroimage, 36, S77. 

FORNITO, A., YUCEL, M., DEAN, B., WOOD, S. J. & PANTELIS, C. 2009. 
Anatomical abnormalities of the anterior cingulate cortex in schizophrenia: 
bridging the gap between neuroimaging and neuropathology. Schizophr Bull, 
35, 973-93. 

FORNITO, A., YUCEL, M., WOOD, S., ADAMSON, C., VELAKOULIS, D., 



 327 

SALING, M., MCGORRY, P. & PANTELIS, C. 2008b. Surface-based 
morphometry of the anterior cingulate and paracingulate cortex in first episode 

schizophrenia and bipolar disorder. Neuroimage, In Press. 
FORNITO, A., YUCEL, M., WOOD, S., ADAMSON, C., VELAKOULIS, D., 

SALING, M., MCGORRY, P. & PANTELIS, C. 2008c. Surface-based 
morphometry of the anterior cingulate and paracingulate cortex in first episode 

schizophrenia. Human Brain Mapping, 29, 478-489. 
FORNITO, A., YUCEL, M., WOOD, S., ADAMSON, C., VELAKOULIS, D., 

SALING, M., MCGORRY, P. & PANTELIS, C. 2008d. Surface-based 
morphometry of the anterior cingulate and paracingulate cortex in first episode 
schizophrenia. Hum Brain Mapp, 29, 222-236. 

FORNITO, A., YUNG, A., WOOD, S., PHILIPS, L., NELSON, B., COTTON, S., 
VELAKOULIS, D., MCGORRY, P., PANTELIS, C. & YUCEL, M. In press. 
Anatomical abnormalities of the anterior cingulate cortex prior to psychosis 
onset: an MRI study of ultra-high risk individuals. Arch Gen Psychiatry. 

FORNITO, A., YUNG, A., WOOD, S., PHILLIPS, L., NELSON, B., COTTON, S., 
VELAKOULIS, D., MCGORRY, P., PANTELIS, C. & YUCEL, M. 2008e. 
Anatomic abnormalities of the anterior cingulate cortex before psychosis 
onset: an MRI study of ultra-high-risk individuals. Biol Psychiatry, 64, 758-
765. 

FRANSSON, P. 2005. Spontaneous low-frequency BOLD signal fluctuations: an 
fMRI investigation of the resting-state default mode of brain function 
hypothesis. Hum Brain Mapp, 26, 15-29. 

FREY, B., ZUNTA-SOARES, G., CAETANO, S., NICOLETTI, M., HATCH, J., 
BRAMBILLA, P., MALLINGER, A. & SOARES, J. 2008. Illness duration 
and total brain gray matter in bipolar disorder: Evidence for 
neurodegeneration? European Neuropsychopharmacol, 18, 717-722. 

FRIEDMAN, J., HARVEY, P., KEMETHER, E. & AL, E. 1999. Cognitive and 
functional changes with aging in schizophrenia. Biol Psychiatry, 46, 921-928. 

FRISTON, K. 1996. Theoretical neurobiology and schizophrenia. Br Med Bull, 52, 
644-655. 

FRISTON, K. 1998. The disconnection hypothesis. Schizophr Res, 30, 115-125. 
FRISTON, K. 1999. Schizophrenia and the disconnection hypothesis. Acta 

Psychiatrica Scand Suppl, 99, 68-79. 
FRISTON, K. & FRITH, C. 1995. Schizophrenia: a disconnection syndrome? Clin 

Neurosci, 3, 89-97. 
FRITH, C. 1992. The cognitive neuropsychology of schizophrenia., Hove, Lawrence 

Erlbaum Associates. 
FRITH, C., FRISTON, K., HEROLD, S., SILBERSWEIG, D., FLETCHER, P., 

CAHILL, C., DOLAN, R., FRACKOWIAK, R. & LIDDLE, P. 1995. 
Regional brain activity in chronic schizophrenic patients during the 
performance of a verbal fluency task. Br J Psychiatry, 167, 343-349. 

FRITH, C. D., BLAKEMORE, S. & WOLPERT, D. M. 2000. Explaining the 
symptoms of schizophrenia: abnormalities in the awareness of action. Brain 
Res Brain Res Rev, 31, 357-63. 

FRODL, T., MEISENZALH, E., MULLER, D. & AL, E. 2001. Corpus callosum and 
P300 in schizophrenia. Schizophr Res, 49, 107-120. 

FROTSCHER, M. 1998. Cajal-Retzius cells, Reelin, and the formation of layers. Curr 
Opin Neurobiol, 8, 570-575. 

FRUMIN, M., GOLLAND, P., KIKINIS, R., HIRAYASU, Y., SALISBURY, D., 



 328 

HENNEN, J., DICKEY, C., ANDERSON, M., JOLESZ, F., GRIMSON, W., 
MCCARLEY, R. & SHENTON, M. 2002. Shape differences in the corpus 
callosum in first-episode schizophrenia and first-episode psychotic affective 
disorder. Am J Psychiatry, 159, 866-868. 

FUJIWARA, H., NAMIKI, C., HIRAO, K., MIYATA, J., SHIMIZU, M., 
FUKUYAMA, H., SAWAMOTO, N., HAYASHI, T. & MURAI, T. 2007. 
Anterior and posterior cingulum abnormalities and their association with 
psychopathology in schizophrenia: a diffusion tensor imaging study. 
Schizophr Res, 95, 215-22. 

FUNAUCHI, M., YAMAGATA, T., NOZAKI, Y. & AL, E. 2002. A case of systemic 
lupus erythematosus that manifested in the course of schizohrenia. Scand J 
Rheumatol, 31, 374-376. 

GARNER, B., PARIANTE, C., WOOD, S., VELAKOULIS, D., PHILLIPS, L., 
SOULSBY, B., BREWER, W., SMITH, D., DAZZAN, P., BERGER, G., 
YUNG, A., VAN DEN BUUSE, M., MURRAY, R., MCGORRY, P. & 
PANTELIS, C. 2005. Pituitary volume predicts future transition to psychosis 
in individuals at ultra-high risk of developing psychosis. Biol Psychiatry, 58, 
417-423. 

GARRITY, A. G., PEARLSON, G. D., MCKIERNAN, K., LLOYD, D., KIEHL, K. 
A. & CALHOUN, V. D. 2007. Aberrant "default mode" functional 
connectivity in schizophrenia. Am J Psychiatry, 164, 450-7. 

GARSIDE, S., ROSEBUSH, P., LEVINSON, A. & AL, E. 1999. Late-onset 
adrenoleukodystrophy associated with long-standing psychiatric symptoms. J 
Clin Psychiatry, 60, 460-468. 

GARVER, D. L., NAIR, T. R., CHRISTENSEN, J. D., HOLCOMB, J. A. & 
KINGSBURY, S. J. 2000. Brain and ventricle instability during psychotic 
episodes of the schizophrenias. Schizophr Res, 44, 11-23. 

GASPAROTTI, R., VALSECCHI, P., CARLETTI, F., GALLUZZO, A., LISERRE, 
R., CESANA, B. & SACCHETTI, E. 2009. Reduced fractional anisotropy of 
corpus callosum in first-contact, antipsychotic drug-naive patients with 
schizophrenia. Schizophr Res, 108, 41-8. 

GAZZANIGA, M. 2000. Cerebral specialization and interhemispheric 
communication: does the corpus callosum enable the human condition? Brain, 
123, 1293-1326. 

GEBHARDT, C., DEL TURCO, D., DRAKEW, A. & AL, E. 2002. Abnormal 
positioning of granule cells alters afferent fiber distribution in the mouse 
fascia dentata: morphologic evidence from reeler, apolipoprotein E receptor 2-
, and very low density lipoprotein receptor knockout mice. J Comp Neurol, 
445, 278-292. 

GEER, C. & GROSSMAN, S. 1997. Interstitial flow along white matter tracts: a 
potentially important mechanism for dissemination of primary brain tumours. 
J Neurooncol, 32, 193-201. 

GEORGIEVA, L., MOSKVINA, V., PEIRCE, T., NORTON, N., BRAY, N. J., 
JONES, L., HOLMANS, P., MACGREGOR, S., ZAMMIT, S., 
WILKINSON, J., WILLIAMS, H., NIKOLOV, I., WILLIAMS, N., IVANOV, 
D., DAVIS, K. L., HAROUTUNIAN, V., BUXBAUM, J. D., CRADDOCK, 
N., KIROV, G., OWEN, M. J. & O'DONOVAN, M. C. 2006. Convergent 
evidence that oligodendrocyte lineage transcription factor 2 (OLIG2) and 
interacting genes influence susceptibility to schizophrenia. Proc Natl Acad Sci 
U S A, 103, 12469-74. 



 329 

GEORGY, B., HESELINK, J. & JERNIGAN, T. 1993. MR imaging of the corpus 
callosum. Am J Radiol, 160, 949-955. 

GERMAN, D., LIANG, C., SONG, T. & AL, E. 2002. Neurodegeneration in the 
Niemann-Pick C mouse: glial involvement. Neurosci, 109, 437-450. 

GERMANA, C., KEMPTON, M., SARNICOLA, A., CHRISTODOULOU, T., 
HALDANE, M., HADJULIS, M., GIRARDI, P., TATARELLI, R. & 
FRANGOU, S. In press. The effects of lithium and anticonvulsnats on brain 
structure in bipolar disorder. BMJ. 

GIEDD, J., BLUMENTHAL, J., JEFFRIES, N., RAJAPASKE, J., VAITUZIS, A., 
LIU, H., BERRY, Y., TOBIN, M., NELSON, J. & CASTELLANOS, F. 
1999a. Development of the human corpus callosum during childhood and 
adolescence: a longitudinal MRI study. Prog Neuropsychopharmacol Biol 
Psychiatry, 23, 571-588. 

GIEDD, J., BLUMENTHAL, J., JEFFRIES, N., RAJAPSKE, J., VAITUZIS, A., 
LIU, H., BERRY, Y., TOBIN, M., NELSON, J. & CASTELLANOS, F. 
1999b. Development of the human corpus callosum during childhood and 
adolescence: a longitudinal MRI study. Prog Neuropsychopharmacol Biol 
Psychiatry, 23, 571-588. 

GIEDD, J. N., RUMSEY, J. M., CASTELLANOS, F. X., RAJAPAKSE, J. C., 
KAYSEN, D., VAITUZIS, A. C., VAUSS, Y. C., HAMBURGER, S. D. & 
RAPOPORT, J. L. 1996. A quantitative MRI study of the corpus callosum in 
children and adolescents. Brain Res Dev Brain Res, 91, 274-80. 

GILVARRY, C., TAKEI, N., RUSSELL, A., RUSHE, T., HEMSLEY, D. & 
MURRAY, R. 2000. Premorbid IQ in patients with functional psychosis and 
their first-degree relatives. Schizophr Res, 41, 417-429. 

GLAHN, D., BEARDEN, C., CAKIR, S., BARRET, J., NAJT, P., SERAP 
MONKUL, E. & AL, E. 2006a. Differential working memory impairment in 
bipolar disorder and schizophrenia: effects of lifetime history of psychosis. 
Bipolar Disord, 8, 117-123. 

GLAHN, D., BEARDEN, C., CAKIR, S., BARRET, J., NAJT, P., SERAP 
MONKUL, E. & AL, E. 2006b. Differential working memory impairment in 
bipolar disorder and schizophrenia: effects of lifetime history of psychosis. 
Bipolar Disorder, 8, 117-123. 

GOGHARI, V., LANG, D., FLYNN, S., MACKAY, A. & HONER, W. 2005. 
Smaller corpus callosum subregions containing motor fibers in schizophrenia. 
Schizophrenia Research, 73, 59-68. 

GOGHARI, V. M., LANG, D. J., KHORRAM, B., GOTZ, J., VANDORPE, R. A., 
SMITH, G. N., KOPALA, L. C., BARR, A. M. & HONER, W. G. 2010. 
Anterior internal capsule volumes increase in patients with schizophrenia 
switched from typical antipsychotics to olanzapine. J Psychopharmacol. 

GOLD, J. & HARVEY, P. 1993. Cognitive deficits in schizophrenia. Psychiatr Clin 
Nth Am, 16, 295-312. 

GOLDBERG, T. 1999. Some fairly obvious distinctions between schizophrenia and 
bipolar disorder. Schizophrenia Research, 39, 127-132. 

GOLDMAN, H., SKODOL, A. & LAVE, T. 1992. Revising Axis V for DSM-IV: a 
review of measures of social functioning. Am J Psychiatry, 149, 1148-1156. 

GOLSTEIN, M., MEYER, O., BOURGEOIS, P. & AL, E. 1993. Neurological 
manifestations of systemic lupus erythematosus: role of antiphospholipid 
antibodies. Clin Exp Rheumatol, 11, 373-379. 

GORMAN, D. & CUMMINGS, J. 1993. Neurobehavioral presentations of the 



 330 

antiphospholipid antibody syndrome. J Neuropsychiatry Clin Neurosci, 5, 37-
42. 

GOTHELF, D., FRISCH, A., MUNITZ, H. & AL, E. 1997. Velocardiofacial 
manifestations and microdeletions in schizophrenic inpatients. Am J Med 
Genet, 72, 455-561. 

GOTHELF, D. & LOMBROSO, P. 2001. Genetics of childhood disorders: XXV. 
Velocardiofacial syndrome. J Am Acad Child Adolesc Psychiatry, 40, 489-
491. 

GOTO, M., OKUDA, J., IKEJIRI, Y., NISHIKAWA, T., HIROSE, M., TANABE, 
H., NII, Y., NAKATANI, S. & SHIRAISHI, J. 1991. Somatosensory evoked 
potentials to median nerve stimulation after partial section of the corpus 
callosum. J Neurol, 238, 161-7. 

GOUROVITCH, M. & GOLDBERG, T. 1996. Cognitive deficits in schizophrenia: 
attention, executive function, memory and language processing. In: 
PANTELIS, C., NELSON, H. & BARNES, T. (eds.) Schizophrenia: a 
neuropsychological perspective. New York: John Wiley. 

GRAFTON, S., SUMI, S., STIMAC, G., ELLSWORTH, E., SHAW, C. & 
NOCHLIN, D. 1991. Comparison of postmortem magnetic resonance imaging 
and neuropathologic findings in the cerebral white matter. Arch Neurol, 48. 

GRANT, I. 1986. Neuropsychological and psychiatric disturbances in multiple 
sclerosis. In: MCDONALD, W. & SILBERBERG, D. (eds.) Multiple 
Sclerosis. London: Butterworths. 

GRAU, A., BRANDT, T., WEISBROD, M., NEITHAMMER, R., FORSTING, M., 
CANTZ, M., VANIER, M. & HARZER, K. 1997. Adult Niemann-Pick 
disease type C mimicking features of multiple sclerosis. J Neurol Neurosurg 
Psychiatr, 63, 522-525. 

GRAY, H. 1918. Anatomy of the Human Body, Philadelphia, Lea & Febiger. 
GRAYSON, D., JIA, X., CHEN, Y., SHARMA, R., MITCHELL, C., GUIDOTTI, A. 

& COSTA, E. 2005. Reelin promoter hypermethylation in schizophrenia. Proc 
Natal Acad Sci USA, 102, 9341-9346. 

GREENWOOD, P. 2000. The frontal ageing hypothesis evaluated. J Intl 
Neuropsychol Soc, 6, 705-726. 

GREGG, J. R., HERRING, N. R., NAYDENOV, A. V., HANLIN, R. P. & 
KONRADI, C. 2009. Downregulation of oligodendrocyte transcripts is 
associated with impaired prefrontal cortex function in rats. Schizophr Res, 
113, 277-87. 

GREGORIO, S., MURY, F., OJOPI, E., SALLET, P., MORENO, D., YACUBIAN, 
J., TAVARES, H., SANTOS, F., GATTAZ, W. & DIAS-NETO, E. 2005. 
Nogo CAA 3'UTR insertion polymorphism is not associated with 
schizophrenia nor with bipolar disorder. Schizophr Res, 75, 5-9. 

GREICIUS, M. D., SUPEKAR, K., MENON, V. & DOUGHERTY, R. F. 2009. 
Resting-state functional connectivity reflects structural connectivity in the 
default mode network. Cereb Cortex, 19, 72-8. 

GRUZELIER, J. 1994. Syndromes of schizophrenia and schizotypy, hemispheric 
imbalance and sex differences: implications for developmental 
psychopathology. Int J Psychophysiol, 18, 167-178. 

GUIDOTTI, A., AUTA, J., DAVIS, J. & AL, E. 2000. Reelin and GAD67 expression 
is decreased in postmortem brain of schizophrenia and bipolar disorder 
patients. Arch Gen Psychiatr, 57, 1061-1069. 

GUMBINAS, M., ODA, M. & HUTTENLOCHER, P. 1973. The effects of 



 331 

corticosteroids on myelination of the developing rat brain. Biol Neonate, 22, 
355-366. 

GUNNING-DIXON, F. & RAZ, M. 2000. The cognitive correlates of white matter 
abnormalities in normal aging: a quantitative review. Neuropsychology, 14, 
224-232. 

GUO, A., PETRELLA, J., KURTZBERG, J. & PROVENZALE, J. 2001. Evaluation 
of white matter anisotrophy in Krabbe disease with diffusion tensor MR 
imaging: initial experience. Radiology, 218, 809-815. 

GUPTA, S. & POPLI, A. 1995. Psychosis in Apert's syndrome with partial agenesis 
of the corpus callosum. J Psychiatry Neurosci, 20, 307-309. 

GUR, R., PACKER, I., HUNGERBUHLER, J. & AL, E. 1980. Differences in the 
distribution of grey and white matter in the cerebral hemispheres. Science, 
207, 1226-1228. 

GUSNARD, D. A., AKBUDAK, E., SHULMAN, G. L. & RAICHLE, M. E. 2001. 
Medial prefrontal cortex and self-referential mental activity: relation to a 
default mode of brain function. Proc Natl Acad Sci U S A, 98, 4259-64. 

GUTTMAN, C., JOLESZ, F., KIKINIS, R. & AL, E. 1998. White matter changes 
with normal ageing. Neurology, 50, 972-978. 

HADZISELIMOVIC, H. & CUS, M. 1966. The appearance of internal structures of 
the brain in relation to configuration of the human skull. Acta Anat, 63, 289-
299. 

HAFNER, H., RIECHER-ROSSLER, A., AN DER HEIDEN, W., MAURER, K., 
FATKENHEUER, B. & LOFFLER, W. 1993. Generating and testing a causal 
explanation of the gender difference in age at first onset of schizophrenia. 
Psychol Med, 23, 925-40. 

HAJEK, T., CARREY, N. & ALDA, M. 2005. Neuroanatomical abnormalities as risk 
factors for bipolar disorder. Bipolar Disord, 7, 393-403. 

HAKAK, Y., WALKER, J., LI, C., WONG, W., DAVIS, K., BUXBAUM, J., 
HAROUTUNIAN, V. & FIENBERG, A. 2001. Genome-wide expression 
analysis reveals dysregulation of myelination-related genes in established 
schizophrenia. Proc Natal Acad Sci USA, 98, 4746-4751. 

HAKOLA, H. 1972. Neuropsychiatric and genetic aspects of a new hereditary disease 
characterized by progressive dementia and lipomembranous osteodysplasia. 
Acta Psychiatrica Scand, 232S, 1-173. 

HALLAK, J. E., CRIPPA, J. A., PINTO, J. P., MACHADO DE SOUSA, J. P., 
TRZESNIAK, C., DURSUN, S. M., MCGUIRE, P., DEAKIN, J. F. & 
ZUARDI, A. W. 2007. Total agenesis of the corpus callosum in a patient with 
childhood-onset schizophrenia. Arq Neuropsiquiatr, 65, 1216-9. 

HALLAM, B. J., BROWN, W. S., ROSS, C., BUCKWALTER, J. G., BIGLER, E. 
D., TSCHANZ, J. T., NORTON, M. C., WELSH-BOHMER, K. A. & 
BREITNER, J. C. 2008. Regional atrophy of the corpus callosum in dementia. 
J Int Neuropsychol Soc, 14, 414-23. 

HAMBRECHT, M. & HAFNER, H. 1996. Substance abuse and the onset of 
schizophrenia. Biol Psychiatry, 40, 1155-63. 

HAMIDL, M., DREVETS, W. & PRICE, J. 2004. Glial reduction in amygdala in 
major depressive disorder is due to oligodendrocytes. Biol Psychiatry, 55, 
563-569. 

HAMILTON, M. 1960. A rating scale for depression. J Neurol Neurosurg Psychiatry, 
23, 56-62. 

HAMPEL, H., TEIPEL, S., ALEXANDER, G., HORWITZ, B., TEICHBERG, D., 



 332 

SCHAPIRO, M. & RAPOPORT, S. 1998a. Corpus callosum atrophy is a 
possible indicator of region- and cell type-specific neuronal degeneration in 
Alzheimer disease: a magnetic resonance imaging analysis. Archives of 
Neurology, 55, 193-198. 

HAMPEL, H., TEIPEL, S., ALEXANDER, G., HORWITZ, B., TEICHBERG, D., 
SCHAPIRO, M. & RAPOPORT, S. 1998b. orpus callosum atrophy is a 
possible indicator of region- and cell type-specific neuronal degeneration in 
Alzheimer disease: a magnetic resonance imaging analysis. Arch Neurol, 55, 
193-198. 

HAO, Y., LIU, Z., JIANG, T., GONG, G., LIU, H., TAN, L., KUANG, F., XU, L., 
YI, Y. & ZHANG, Z. 2006. White matter integrity of the whole brain is 
disrupted in first-episode schizophrenia. Neuroreport, 17, 23-6. 

HAROUTUNIAN, V., KATSEL, P., DRACHEVA, S. & DAVIS, K. L. 2006. The 
human homolog of the QKI gene affected in the severe dysmyelination 
"quaking" mouse phenotype: downregulated in multiple brain regions in 
schizophrenia. Am J Psychiatry, 163, 1834-7. 

HAROUTUNIAN, V., KATSEL, P., DRACHEVA, S., STEWART, D. G. & DAVIS, 
K. L. 2007. Variations in oligodendrocyte-related gene expression across 
multiple cortical regions: implications for the pathophysiology of 
schizophrenia. Int J Neuropsychopharmacol, 10, 565-73. 

HARRIS, L. W., LOCKSTONE, H. E., KHAITOVICH, P., WEICKERT, C. S., 
WEBSTER, M. J. & BAHN, S. 2009. Gene expression in the prefrontal cortex 
during adolescence: implications for the onset of schizophrenia. BMC Med 
Genomics, 2, 28. 

HARRIS, M., HENRY, L., HARRIGAN, S., PURCELL, R., SCHWARTZ, O., 
FARRELLY, S., PROSSER, A., JACKSON, H. & MCGORRY, P. 2005. The 
relationship between duration of untreated psychosis and outcome: an eight-
year prospective study. Schizophr Res, 79, 85-93. 

HARRISON, P. 1999. The neuropathology of schizophrenia: a critical review of the 
data and their interpretation. Brain, 122, 593-624. 

HARRISON, P. & WEINBERGER, D. 2005. Schizophrenia genes, gene expression, 
and neuropathology: on the matter of their convergence. Mol Psychiatry, 10, 
40-68. 

HARVEY, I., RON, M., DU BOULAY, G., MURRAY, R. & LEWIS, S. 1990a. 
White matter abnormalities on magnetic resonance imaging in bipolar 
patients. Arch Gen Psychiatr, 47, 1172-1173. 

HARVEY, I., RON, M., DU BOULAY, G., WICKS, D., LEWIS, S. & MURRAY, R. 
1993. Reduction of cortical volume in schizophrenia on magnetic resonance 
imaging. Psychol Med, 23, 591-604. 

HARVEY, I., RON, M., MURRAY, R., LEWIS, S., BARKER, G. & MCMANUS, 
D. 1991. MRI in schizophrenia: basal ganglia and white matter T1 times. 
Psychol Med, 21, 587-598. 

HARVEY, I., WILLIAMS, M., TOONE, B., LEWIS, S. & MCGUFFIN, P. 1990b. 
The ventricle-brain ratio (VBR) in functional psychoses: the relationship of 
lateral ventricular and total ventricular area. Psychol Med, 20, 55-62. 

HARVEY, P. 2001. Cognitive impairment in elderly patients with schizophrenia: age 
related changes. Int J Geriatr Psychiatry, 16, S78-S85. 

HARZER, K., SCHLOTE, W., PEIFFER, J., BENZ, H. & ANZIL, A. 1978. 
Neurovisceral lipidosis compatible with Niemann-Pick disease type C: 
morphological and biochemical studies of a late infantile case and enzyme and 



 333 

lipid assays in a prenatal case of the same family. Acta Neuropathol, 43, 97-
104. 

HASAN, K. M., EWING-COBBS, L., KRAMER, L. A., FLETCHER, J. M. & 
NARAYANA, P. A. 2008. Diffusion tensor quantification of the 
macrostructure and microstructure of human midsagittal corpus callosum 
across the lifespan. NMR Biomed, 21, 1094-101. 

HASAN, K. M., KAMALI, A., IFTIKHAR, A., KRAMER, L. A., 
PAPANICOLAOU, A. C., FLETCHER, J. M. & EWING-COBBS, L. 2009. 
Diffusion tensor tractography quantification of the human corpus callosum 
fiber pathways across the lifespan. Brain Res, 1249, 91-100. 

HASHIMOTO, R., SENATOROV, V., KANAI, H., LEEDS, P. & CHUANG, D. 
2003. Lithium stimulates progenitor proliferation in cultured brain neurons. 
Neurosci, 117, 55-61. 

HASTINGS, R., PARSEY, R., OQUENDO, M., ARANGO, V. & MANN, J. 2004. 
Volumetric analysis of the prefrontal cortex, amygdala, and hippocampus in 
major depression. Neuropsychopharmacology, 29, 952-959. 

HAUSER, P., DAUPHINIAS, I., BERRETTINI, W., DELISI, L., GELERNTER, J. & 
POST, R. 1989. Corpus callosum dimensions measured by magnetic 
resonance imaging in bipolar affective disorder and schizophrenia. Biol 
Psychiatry, 26, 659-668. 

HAUSER, P., MATOCHIK, J., ALTSHULER, L., DENICOFF, K., CONRAD, A., 
LI, X. & POST, R. 2000. MRI-based measurements of temporal lobe and 
ventricular structures in patients with bipolar I and bipolar II disorders. J 
Affect Disord, 60, 25-32. 

HAZNEDAR, M., ROVERSI, F., PALLANTI, S., BALDINI-ROSSI, N., SCHNUR, 
D., LICALZI, E., TANG, C., HOF, P., HOLLANDER, E. & BUCHSBAUM, 
M. 2005. Fronto-thalamo-striatal gray and white matter volumes and 
anisotropy of their connections in bipolar spectrum illnesses. Biol Psychiatry, 
57, 733-742. 

HE, Q., CHRIST, S., KARSCH, K., MOFFITT, A., PECK, D. & DUAN, Y. 2009. 
Detecting 3D corpus callosum abnormalities in phenylketonuria. Int J Comput 
Biol Drug Design, 2, 289-301. 

HE, Q., DUAN, Y., MILES, J. & TAKAHASHI, N. 2008a. Abnormalities of the 
corpus callosum in autism subtypes. Int J Funct Informatics Pers Med, 1, 103-
110. 

HE, Q., YIN, X., GU, X., KARSCH, K. & MILES, J. Year. Shape anaysis of corpus 
callosum in autism subtype using planar conformational mapping. In: HU, X. 
& CLOUGH, A., eds. Medical Imaging 2009: Biomedical Applications in 
Molecular, Structural and Functional Imaging, 2008b Orlando, FL, USA. 
SPIE. 

HEGARTY, J., BALDESSARINI, R., TOHEN, M., WATERNAUX, C. & OEPEN, 
G. 1994. One hundred years of schizophrenia: a meta-analysis of the outcome 
literature. Am J Psychiatry, 151, 1409-1416. 

HEINRICHS, D., HANLON, T. & CARPENTER, W. 1984. The quality of life scale: 
an instrument for rating the schizophrenic deficit syndrome. Schizophr Bull, 
10, 388-398. 

HENNAH, W., VARILO, T., PAUNIO, T. & PELTONEN, L. 2003. Haplotype 
analysis and identification of genes for a complex trait: examples from 
schizophrenia. Ann Med, 36, 322-331. 

HERSHEY, L., MODIC, M., GREENOUGH, P. & JAFFE, D. 1987. Magnetic 



 334 

resonance imaging in vascular dementia. Neurology, 37, 29-36. 
HETHERINGTON, H., PAN, J., MASON, G., ADAMS, D., VAUGHN, M., TWIEG, 

D. & AL, E. 1996. Quantitative 1H spectroscopy imaging of the human brain 
at 4.1T using image segmentation. Magn Reson Med, 36, 21-29. 

HICKIE, I., NAISMITH, S., WARD, P., TURNER, K., SCOTT, E., MITCHELL, P., 
WILHELM, K. & PARKER, G. 2005. Reduced hippocampal volumes and 
memory loss in patients with early- and late-onset depression. Br J Psychiatry, 
186, 197-202. 

HIGHLEY, J., DELISI, L., ROBERTS, N., WEBB, J., RELJA, M., RAZI, K. & 
CROW, T. 2003. Sex-dependent effects of schizophrenia: an MRI study of 
gyral folding, and cortical and white matter volume. Psychiatry Res, 124, 11-
23. 

HIGHLEY, J., ESIRI, M., MCDONALD, B., CORTINA-BORJA, M., HERRON, B. 
& CROW, T. 1999a. The size and fibre composition of the corpus callosum 
with respect to gender and schizophrenia: a post-mortem study. Brain Lang, 
122, 99-110. 

HIGHLEY, J., ESIRI, M., MCDONALD, B., ROBERTS, H., WALKER, M. & 
CROW, T. 1999b. The size and fiber composition of the anterior commissure 
with respect to gender and schizophrenia. Biol Psychiatry, 45, 1120-1127. 

HO, B., ALICATA, D., WARD, J., MOSER, D., O'LEARY, D., ARNDT, S. & 
ANDREASEN, N. 2003a. Untreated initial psychosis: relation to cognitive 
deficits and brain morphology in first-episode schizophrenia. Am J Psychiatry, 
160, 142-148. 

HO, B., ANDREASEN, N., NOPOULOS, P., ARNDT, S., MAGNOTTA, V. & 
FLAUM, M. 2003b. Progressive structural brain abnormalities and their 
relationship to clinical outcome: a longitudinal magnetic resonance imaging 
study early in schizophrenia. Arch Gen Psychiatry, 60, 585-594. 

HO, L., GUO, Y., SPIELMAN, L., PETRESCU, O., HAROUTUNIAN, V., 
PUROHIT, D., CZERNIK, A., YEMUL, S., AISEN, P., MOHS, R. & 
PASINETTI, G. 2001. Altered expression of a-type but not b-type synapsin 
isoform in the brains of patients at high-risk for Alzheimer's disease assessed 
by DNA microarray technique. Neurosci Lett, 298, 191-194. 

HOF, P., HAROUTUNIAN, V., COPLAND, C. & AL, E. 2002. Molecular and 
cellular evidence for an oligodendrocyte abnormality in schizophrenia. 
Neurochem Res, 27, 1193-1200. 

HOF, P., HAROUTUNIAN, V., FRIEDRICH, V. J., BYNE, W., BUITRON, C., 
PERL, D. & DAVIS, K. 2003. Loss and altered spatial distrubition of 
oligodendrocytes in the superior frontal gyrus in schizophrenia. Biol 
Psychiatry, 53, 1075-1085. 

HOFER, S. & FRAHM, J. 2006. Topography of the human corpus callosum revisited-
-comprehensive fiber tractography using diffusion tensor magnetic resonance 
imaging. Neuroimage, 32, 989-94. 

HOFER, S., MERBOLDT, K. D., TAMMER, R. & FRAHM, J. 2008. Rhesus 
monkey and human share a similar topography of the corpus callosum as 
revealed by diffusion tensor MRI in vivo. Cereb Cortex, 18, 1079-84. 

HOFF, A., NEAL, C., KUSHNER, M. & DELISI, L. 1994. Gender differences in 
corpus callosum size in first-episode schizophrenics. Biol Psychiatry, 35, 913-
919. 

HOFFMAN, R. E. & DOBSCHA, S. K. 1989. Cortical pruning and the development 
of schizophrenia: a computer model. Schizophr Bull, 15, 477-90. 



 335 

HOFFMAN, R. E. & MCGLASHAN, T. H. 1993. Parallel distributed processing and 
the emergence of schizophrenic symptoms. Schizophr Bull, 19, 119-40. 

HOLLOWAY, R. & DE LACOSTE, M. 1986. Sexual dimorphism in the human 
corpus callosum: an extension and replication study. Human Neurobiology, 5, 
87-91. 

HOLM, S. 1979. A simple sequentially rejective multiple test procedure. Scand J 
Statist, 6, 65-70. 

HOLMES, A., BLAIR, R., WATSON, J. & FORD, I. 1996. Nonparametric analysis 
of statistic images from functional mapping experiements. J Cereb Blood 
Flow Metab, 16, 7-22. 

HONER, W., FALKAI, P., BAYER, T., XIE, J., HU, L., LI, H., ARANGO, V., 
MANN, J., DWORK, A. & TRIMBLE, W. 2002. Abnormalities of SNARE 
mechanism proteins in anterior frontal cortex in severe mental illness. Cereb 
Cortex, 12, 349-356. 

HONER, W., FALKAI, P., CHEN, C., ARANGO, V., MANN, J. & DROWK, A. 
1999. Synaptic and plasticity-associated proteins in anterior frontal cortex in 
severe mental illness. Neuroscience, 91, 1247-1255. 

HONER, W., HURWITZ, T., LI, D. & AL, E. 1987. Temporal lobe involvement in 
multiple sclerosis patients with psychiatric disorders. Arch Neurol, 44. 

HONEY, G., BULLMORE, E. & SHARMA, T. 2002. De-coupling of cognitive 
performance and cerebral functional response during working memory in 
schizophrenia. Schizophr Res, 53, 45-56. 

HONEY, G. D., POMAROL-CLOTET, E., CORLETT, P. R., HONEY, R. A., 
MCKENNA, P. J., BULLMORE, E. T. & FLETCHER, P. C. 2005. Functional 
dysconnectivity in schizophrenia associated with attentional modulation of 
motor function. Brain, 128, 2597-611. 

HOPKINSON, N., BENDALL, P. & POWELL, R. 1992. Screening of acute 
psychiatric admissions for previously misdiagnosed systemic lupus 
erythematosus. Br J Psychiatry, 161, 107-110. 

HOPTMAN, M., ARDEKANI, B., BUTLER, P., NIERENBERG, J., JAVITT, D. & 
LIM, K. 2004. DTI and impulsivity in schizophrenia: a first voxelwise 
correlational analysis. Neuroreport, 15, 2467-2470. 

HOPTMAN, M., VOLAVKA, J., JOHNSON, G., WEISS, E., BILDER, R. & LIM, 
K. 2002. Frontal white matter microstructure, aggression, and impulsivity in 
men with schizophrenia: a preliminary study. Biol Psychiatry, 52, 9-14. 

HOPTMAN, M. J. & DAVIDSON, R. J. 1994. How and why do the two cerebral 
hemispheres interact? Psychol Bull, 116, 195-219. 

HOPTMAN, M. J., NIERENBERG, J., BERTISCH, H. C., CATALANO, D., 
ARDEKANI, B. A., BRANCH, C. A. & DELISI, L. E. 2008. A DTI study of 
white matter microstructure in individuals at high genetic risk for 
schizophrenia. Schizophr Res, 106, 115-24. 

HORACEK, J., BUBENIKOVA-VALESOVA, V., KOPECEK, M., PALENICEK, 
T., DOCKERY, C., MOHR, P. & HOSCHL, C. 2006. Mechanism of action of 
atypical antipsychotic drugs and the neurobiology of schizophrenia. CNS 
Drugs, 20, 389-409. 

HOWARD, R., BEATS, B., FORSTL, H., GRAVES, P., BINGHAM, J. & LEVY, R. 
1993. White matter changes in late-onset depression: a magnetic resonance 
imaging study. Int J Geriatr Psychiatry, 8, 183-185. 

HOWARD, R., FORSTL, H., NAGUIB, M., BURNS, A. & LEVY, R. 1992. First-
rank symptoms of Schneider in late paraphrenia. Br J Psychiatry, 160, 106-



 336 

109. 
HOWES, O. D. & KAPUR, S. 2009. The dopamine hypothesis of schizophrenia: 

version III--the final common pathway. Schizophr Bull, 35, 549-62. 
HSU, R., WOODROFFE, A., LAI, W. S., COOK, M. N., MUKAI, J., DUNNING, J. 

P., SWANSON, D. J., ROOS, J. L., ABECASIS, G. R., KARAYIORGOU, 
M. & GOGOS, J. A. 2007. Nogo Receptor 1 (RTN4R) as a candidate gene for 
schizophrenia: analysis using human and mouse genetic approaches. PLoS 
One, 2, e1234. 

HUANG, H., ZHANG, J., JIANG, H., WAKANA, S., POETSCHER, L., MILLER, 
M. I., VAN ZIJL, P. C., HILLIS, A. E., WYTIK, R. & MORI, S. 2005. DTI 
tractography based parcellation of white matter: application to the mid-sagittal 
morphology of corpus callosum. Neuroimage, 26, 195-205. 

HUANG, K., TANG, W., TANG, R., XU, Z., HE, Z., LI, Z., XU, Y., LI, X., HE, G., 
FENG, G., HE, L. & SHI, Y. 2008. Positive association between OLIG2 and 
schizophrenia in the Chinese Han population. Hum Genet, 122, 659-60. 

HUANG, W., HARPER, C., EVANS, S., NEWNHAM, J. & DUNLOP, S. 2001. 
Repeated prenatal corticosteroid administration delays myelination of the 
corpus callosum in fetal sheep. Int J Dev Neurosci, 19, 415-425. 

HUBER, T., BORUTZKY, M., SCHNEIDER, U. & EMRICH, H. 2004. Psychotic 
disorders and gonadal function: evidence supporting the estogen hypothesis. 
Acta Psychiatrica Scand, 109, 269-274. 

HUBL, D., KOENIG, T., STRIK, W., FEDERSPIEL, A., KREIS, R., BOESCH, C., 
MAIER, S., SCHROTH, G., LOVBLAD, K. & DIERKS, T. 2004. Pathways 
that make voices: white matter changes in auditory hallucinations. Arch Gen 
Psychiatr, 61, 658-668. 

HULSHOFF POL, H., BRANS, R., VAN HAREN, N., SCHNACK, H., LANGEN, 
M., BAARE, W., VAN OEL, J. & KAHN, R. 2004a. Gray and white matter 
volume abnormalities in monozygotic and same-gender dizygotic twins 
discordant for schizophrenia. Biol Psychiatry, 55, 126-130. 

HULSHOFF POL, H. & KAHN, R. 2008. What happens after the first episode? A 
review of progressive brain changes in chronically ill patients with 
schizophrenia. Schizophr Bull, 34, 354-366. 

HULSHOFF POL, H., SCHNACK, H., BERTENS, M., VAN HAREN, N., VAN 
DER TWEEL, I., STAAL, W., BAARE, W. & KAHN, R. 2002. Volume 
changes in gray matter in patients with schizophrenia. Am J Psychiatry, 159, 
244-250. 

HULSHOFF POL, H., SCHNACK, H., MANDL, R., CAHN, W., COLLINS, D., 
EVANS, A. & KAHN, R. 2004b. Focal white matter density changes in 
schizophrenia: reduced inter-hemispheric connectivity. Neuroimage, 21, 27-
35. 

HUPPI, P., MADER, S., PELED, S. & AL, E. 1998. Microstructural development of 
human newborn cerebral white matter assessed in vivo by diffusion tensor 
magnetic resonance imaging. Pediatr Res, 44, 584-590. 

HURLEY, R., TABER, K., ZHANG, J. & HAYMAN, L. 1999. Neuropsychiatric 
presentations of multiple sclerosis. J Neuropsychiatry Clin Neurosci, 11, 5-7. 

HUSAIN, M., FIGIEL, G., LURIE, S., BOYKO, O., ELLINWOOD, E. J., 
NEMEROFF, C. & KRISHNAN, K. 1991. MRI of corpus callosum and 
septum pellucidum in depression. Biol Psychiatry, 29, 300-301. 

HUTTENLOCHER, P. R. 1979. Synaptic density in human frontal cortex - 
developmental changes and effects of aging. Brain Res, 163, 195-205. 



 337 

HUTTENLOCHER, P. R. 1990. Morphometric study of human cerebral cortex 
development. Neuropsychologia, 28, 517-527. 

HYDE, T., ZAEGLER, J. & WEINBERGER, D. 1992. Psychiatric disturbances in 
metachromatic leukodystrophy: insights into the neurobiology of psychosis. 
Arch Neurol, 49, 401-406. 

HYDE, T., ZIEGLER, J. & WEINBERGER, D. 1991. Neuroanatomical and 
neurochemical pathology in schizophrenia. In: TASMAN, A. (ed.) American 
Psychiatric Press Review of Psychiatry. Washington: American Psychiatric 
Press. 

HYND, G. W., SEMRUD-CLIKEMAN, M., LORYS, A. R., NOVEY, E. S., 
ELIOPULOS, D. & LYYTINEN, H. 1991. Corpus callosum morphology in 
attention deficit-hyperactivity disorder: morphometric analysis of MRI. J 
Learn Disabil, 24, 141-6. 

IMPAGNATIELLO, F., GUIDOTTI, A., PESOLD, C. & AL, E. 1998. A decrease of 
reelin expression as a putative vulnerability factor in schizophrenia. Proc 
Natal Acad Sci USA, 26, 15718-15723. 

INNOCENTI, G., ANSERMET, F. & PARNAS, J. 2003. Schizophrenia, 
neurodevelopment and corpus callosum. Mol Psychiatry, 8, 261-274. 

INNOCENTI, G. & BRESSOUD, R. 2003. Callosal axons and their development. In: 
ZAIDEL, E. & IACOBONI, M. (eds.) The Parallel Brain: The Cognitive 
Neuroscience of the Corpus Callosum. Cambridge, Mass: MIT Press. 

INNOCENTI, G. M., AGGOUN-ZOUAOUI, D. & LEHMANN, P. 1995. Cellular 
aspects of callosal connections and their development. Neuropsychologia, 33, 
961-87. 

IRONSIDE, R. & GUTTMACHER, M. 1928. The corpus callosum and its tumours. 
Brain, 52, 442-483. 

ISSHI, K. & HIROHATA, S. 1998. Differential roles of the anti-ribosomal P antibody 
and antineuronal antibody in the pathogenesis of central nervous system 
involvement in systemic lupus erythematosus. Arthritis Rheum, 41, 1819-
1827. 

ITO, R., MELHEM, E., MORI, S., EICHLER, F., RAYMOND, G. & MOSER, H. 
2001. Diffusion tensor brain MR imaging in X-linked cerebral 
adrenoleukodystrophy. Neurology, 56, 544-547. 

IWAMOTO, K., BUNDO, M. & KATO, T. 2005a. Altered expression of 
mitochondria-related genes in postmortem brains of patients with bipolar 
disorder or schizophrenia, as revealed by large-scale DNA microarray 
analysis. Hum Mol Genet, 14, 241-253. 

IWAMOTO, K., BUNDO, M., YAMADA, K., TAKAO, H., IWAYAMA-SHIGENO, 
Y., YOSHIKAWA, T. & KATO, T. 2005b. DNA methylation status of 
SOX10 correlates with its downregulation and oligodendrocyte dysfunction in 
schizophrenia. J Neurosci, 25, 5376-5381. 

JABLENSKY, A., SARTORIUS, N., ERNBERG, G., ANKER, M., KORTEN, A., 
COOPER, J. E., DAY, R. & BERTELSEN, A. 1992. Schizophrenia: 
manifestations, incidence and course in different cultures. A World Health 
Organization ten-country study. Psychol Med Monogr Suppl, 20, 1-97. 

JACOBS, L., KINKEL, P., COSTELLO, P. & AL, E. 1988. Central nervous system 
lupus erythematosus: the value of magnetic resonance imaging. J Rheumatol, 
15, 601-606. 

JAMES, A., KAPLAN, P., LEES, A. & BRADLEY, J. 1984. Schizophreniform 
psychosis and adrenomyeloneuropathy. J Royal Soc Med, 77, 882-884. 



 338 

JANCKE, L., PREIS, S. & STEINMETZ, H. 1999. The relation between forebrain 
volume and midsagittal size of the corpus callosum in children. Neuroreport, 
10, 2981-5. 

JANCKE, L., STAIGER, J. F., SCHLAUG, G., HUANG, Y. & STEINMETZ, H. 
1997. The relationship between corpus callosum size and forebrain volume. 
Cereb Cortex, 7, 48-56. 

JANCKE, L. & STEINMETZ, H. 1998. Brain size: a possible source of 
interindividual variability in corpus callosum morphology. In: ZAIDEL, E., 
IACOBONI, M. & PACUAL-LEONE, A. (eds.) The Role of the Human 
Corpus Callosum in Sensory Motor Integration: Anatomy, Physiology, 
Behaviour; Individual Differences and Clinical Applications. New York: 
Plenum Press. 

JANG, J., KWON, J., JANG, D., MOON, W., LEE, J., HA, T., CHUNG, E., KIM, I. 
& KIM, S. 2006. A proton MRSI study of brain N-acetylaspartate level after 
12 weeks of citalopram treatment in drug-naive patients with obsessive-
compulsive disorder. Am J Psychiatry, 163, 1202-1207. 

JENNEKENS, F. & KATER, L. 2002. The central nervous system in systemic lupus 
erythematosus. Part 2. Pathogenetic mechanisms of clinical syndromes: a 
literature investigation. Rheumatology, 41, 619-630. 

JEONG, B., WIBLE, C. G., HASHIMOTO, R. & KUBICKI, M. 2009. Functional 
and anatomical connectivity abnormalities in left inferior frontal gyrus in 
schizophrenia. Hum Brain Mapp, 30, 4138-51. 

JERET, J. S., SERUR, D., WISNIEWSKI, K. E. & LUBIN, R. A. 1987. 
Clinicopathological findings associated with agenesis of the corpus callosum. 
Brain Dev, 9, 255-64. 

JERNIGAN, T. L., ZISOOK, S., HEATON, R. K., MORANVILLE, J. T., 
HESSELINK, J. R. & BRAFF, D. L. 1991. Magnetic resonance imaging 
abnormalities in lenticular nuclei and cerebral cortex in schizophrenia. Arch 
Gen Psychiatry, 48, 881-90. 

JESTE, D., HARRIS, M., KRULL, A. & AL, E. 1995. Late onset schizophrenia: 
clinical and neuropsychological characteristics. Am J Psychiatry, 172, 722-
730. 

JOB, D., WHALLEY, H., JOHNSTONE, E. & LAWRIE, S. 2005. Grey matter 
changes over time in high risk subjects developing schizophrenia. 
Neuroimage, 25, 1023-1030. 

JOB, D., WHALLEY, H., MCINTOSH, A., OWENS, D., JOHNSTONE, E. & 
LAWRIE, S. 2006. Grey matter changes can improve the prediction of 
schizophrenia in subjects at high risk. BMC Med, 4, 29. 

JOGLA, J., HALDANE, M., CHRISTODOULOU, T., KOZUCH, E., KUMARI, V. 
& FRANGOU, S. In Press. Prefrontal cortical function and familial 
predisposition to bipolar disorder. Mol Psychiatry. 

JOHN, J. P., SHAKEEL, M. K. & JAIN, S. 2008. Corpus callosal area differences 
and gender dimorphism in neuroleptic-naive, recent-onset schizophrenia and 
healthy control subjects. Schizophr Res, 103, 11-21. 

JOHNSON, A. 2002. Alexander disease: a review and the gene. Int J Dev Neurosci, 
20, 391-394. 

JOHNSON, R. & RICHARDSON, E. 1968. The neuroogical manifestations of 
systemic lupus erythematosus. Medicine, 47, 337-369. 

JOHNSTONE, E., CROW, T., MACMILLAN, J., OWENS, D., BYDDER, G. & 
STEINER, R. 1986. A magnetic resonance study of early schizophrenia. J 



 339 

Neurol Neurosurg Psychiatr, 49, 136-139. 
JOHNSTONE, E. C., CROW, T. J., FRITH, C. D., HUSBAND, J. & KREEL, L. 

1976. Cerebral ventricular size and cognitive impairment in established 
schizophrenia. Lancet, 2, 924-6. 

JONES, D., CATANI, M., PIERPAOLI, C., REEVES, S., SHERGILL, S., 
O'SULLIVAN, M., GOLESWORTHY, P., MCGUIRE, P., HORSFIELD, M., 
SIMMONS, A., WILLIAMS, S. & HOWARD, R. 2005. Age effects on 
diffusion tensor magnetic resonance imaging tractography measures of frontal 
cortex connections in schizophrenia. Hum Brain Mapping, In Press. 

JONES, D. K., CATANI, M., PIERPAOLI, C., REEVES, S. J., SHERGILL, S. S., 
O'SULLIVAN, M., GOLESWORTHY, P., MCGUIRE, P., HORSFIELD, M. 
A., SIMMONS, A., WILLIAMS, S. C. & HOWARD, R. J. 2006. Age effects 
on diffusion tensor magnetic resonance imaging tractography measures of 
frontal cortex connections in schizophrenia. Hum Brain Mapp, 27, 230-8. 

JONES, G. H. & MILLER, J. J. 1981. Functional tests of the corpus callosum in 
schizophrenia. Br J Psychiatry, 139, 553-7. 

JORGENSEN, P., NORDENTOFT, M., ABEL, M. B., GOULIAEV, G., JEPPESEN, 
P. & KASSOW, P. 2000. Early detection and assertive community treatment 
of young psychotics: the Opus Study Rationale and design of the trial. Soc 
Psychiatry Psychiatr Epidemiol, 35, 283-7. 

JOSEPHS, K., VAN GERPEN, M. & VAN GERPEN, J. 2003. Adult-onset Niemann-
Pick disease type C presenting with psychosis. JNNP, 74, 528-529. 

JOUET, M., ROSENTHAL, A., ARMSTRONG, G. & AL, E. 1994. X-linked spastic 
paraplegia (SPG1), MASA syndrome and X-linked hydrocephalus result from 
mutations in the L1 gene. Nature Genet, 7, 402-407. 

KAAS, J. 1995. The organization of callosal connections in primates. In: REEVES, 
A. & ROBERTS, D. (eds.) Epilepsy and the Corpus Callosum. New York: 
Plenum Press. 

KAHLBAUM, K. 1863. Die Gruppierung der psychischen Krankheiten und die 
Einteilung der Seelenstörungen., Danzig. 

KAHLBAUM, K. 1874. Die Katatonie oder das spannungsirresein., Berlin. 
KAIFU, T., NAKAHARA, J., INUI, M. & AL, E. 2003. Osteopetrosis and thalamic 

hypomyelinosis with synaptic degeneration in DAP12-deficient mice. J Clin 
Invest, 111, 323-332. 

KAISER, S., FOLTZ, L., GEORGE, C., KIRKWOOD, S., BEMIS, K., LIN, X., 
GELBERT, L. & NISENBAUM, L. 2004. Phencyclidine-induced changes in 
rat cortical gene expression identified by microarray analysis: implications for 
schizophrenia. Neurobiol Dis, 16, 220-235. 

KALUS, P., SLOTBOOM, J., GALLINAT, J., WIEST, R., OZDOBA, C., 
FEDERSPIEL, A., STRIK, W., BURI, C., SCHROTH, G. & KIEFER, C. 
2005. The amygdala in schizophrenia: a trimodal magnetic resonance imaging 
study. Neurosci Lett, 375, 151-156. 

KANAAN, R., KIM, J., KAUFMANN, W., PEARLSON, G., BARKER, G. & 
MCGUIRE, P. 2005. Diffusion tensor imaging in schizophrenia. Biol 
Psychiatry, In Press. 

KANAAN, R. A., SHERGILL, S. S., BARKER, G. J., CATANI, M., NG, V. W., 
HOWARD, R., MCGUIRE, P. K. & JONES, D. K. 2006. Tract-specific 
anisotropy measurements in diffusion tensor imaging. Psychiatry Res, 146, 
73-82. 

KAPOOR, R., MCDONALD, W., CROCKARD, A. & MOSELEY, I. 1992. Clinical 



 340 

and MRI features of Krabbe's disease in adolescence. J Neurol Neurosurg 
Psychiatr, 55, 331-332. 

KARLSGODT, K. H., NIENDAM, T. A., BEARDEN, C. E. & CANNON, T. D. 
2009. White matter integrity and prediction of social and role functioning in 
subjects at ultra-high risk for psychosis. Biol Psychiatry, 66, 562-9. 

KARLSGODT, K. H., VAN ERP, T. G., POLDRACK, R. A., BEARDEN, C. E., 
NUECHTERLEIN, K. H. & CANNON, T. D. 2008. Diffusion tensor imaging 
of the superior longitudinal fasciculus and working memory in recent-onset 
schizophrenia. Biol Psychiatry, 63, 512-8. 

KASAI, K., SHENTON, M., SALISBURY, D., ONITSUKA, T., TONER, S., 
YURGELUN-TODD, D., KIKINIS, R., JOLESZ, F. & MCCARLEY, R. 
2003. Differences and similarities in insular and temporal pole MRI gray 
matter volume abnormalities in first-episode schizophrenia and affective 
psychosis. Archives of  General Psychiatry, 60, 1069-1077. 

KASARSKIS, E., KARPIAK, S., RAPPORT, M. & AL, E. 1981. Abnormal 
maturation of cerebral cortex and behavioral deficit in adult rats after neonatal 
administration of antibodies to ganglioside. Brain Res, 227, 25-35. 

KATSEL, P., DAVIS, K. & HAROUTUNIAN, V. 2005. Variations in myelin and 
oligodendrocyte-related gene expression across multiple brain regions in 
schizophrenia: a gene ontology study. Schizophr Res, In Press. 

KATSEL, P., DAVIS, K. L., LI, C., TAN, W., GREENSTEIN, E., KLEINER 
HOFFMAN, L. B. & HAROUTUNIAN, V. 2008. Abnormal indices of cell 
cycle activity in schizophrenia and their potential association with 
oligodendrocytes. Neuropsychopharmacology, 33, 2993-3009. 

KAY, S., OPLER, L. & LINDENMAYER, J. 1989. The Positive and Negative 
Syndrome Scale (PANSS): rationale and standardisation. British Journal of 
Psychiatry, 155, 59-67. 

KEMPTON, M., GEDDES, J., ETTINGER, U., WILLIAMS, S. & GRASBY, P. 
2008. Meta-analysis, database, and meta-regression of 98 structural imaging 
studies in bipolar disorder. Arch Gen Psychiatry, 65, 1017-1032. 

KENDLER, K., MCGUIRE, M., GRUENBERG, A., O'HARE, A., SPELLMAN, M. 
& WALSH, D. 1993. The Roscommon family study. I. Methods, diagnosis of 
probands, and risk of schizophrenia in relatives. Arch Gen Psychiatry, 50, 
527-540. 

KERTESZ, A., BLACK, S., TOKAR, G., BENKE, T., CARR, T. & NICHOLSON, 
L. 1988. Periventricular and subcortical hyperintensities on magnetic 
resonance imaging: "rims, caps and unidentified bright objects". Neurology, 
45, 404-408. 

KESHAVAN, M., DIWADKAR, V., DEBELLIS, M., DICK, E., KOTWAL, R., 
ROSENBERG, D., SWEENEY, J., MINSHEW, N. & PETTEGREW, J. 
2002a. Development of the corpus callosum in childhood, adolescence and 
early adulthood. Life Sci, 70, 1909-1922. 

KESHAVAN, M., DIWADKAR, V., HARENSKI, K. & AL, E. 2002b. 
Abnormalities of the corpus callosum in first episode treatment naive 
schizophrenia. J Neurol Neurosurg Psychiatr, 72, 757-760. 

KESHAVAN, M., DIWADKAR, V., HARENSKI, K. & AL, E. 2002c. Abnormalities 
of the corpus callosum in first episode treatment naive schizophrenia. Journal 
of Neurology, Neurosurgery and Psychiatry, 72, 757-760. 

KESHAVAN, M., STANLEY, J. & PETTEGREW, J. 2000. Magnetic resonance 
spectroscopy in schizophrenia: methodological issues and findings - part II. 



 341 

Biol Psychiatry, 48, 369-380. 
KESHAVAN, M. S. 1999. Development, disease and degeneration in schizophrenia: 

a unitary pathophysiological model. J Psychiatr Res, 33, 513-21. 
KESHAVAN, M. S., ANDERSON, S. & PETTEGREW, J. W. 1994. Is schizophrenia 

due to excessive synaptic pruning in the prefrontal cortex? The Feinberg 
hypothesis revisited. J Psychiatr Res, 28, 239-65. 

KESHAVAN, M. S., DICK, R. M., DIWADKAR, V. A., MONTROSE, D. M., 
PRASAD, K. M. & STANLEY, J. A. 2009. Striatal metabolic alterations in 
non-psychotic adolescent offspring at risk for schizophrenia: a (1)H 
spectroscopy study. Schizophr Res, 115, 88-93. 

KESSLER, R., AMMINGER, G., AGUILAR-GAXIOLA, S., ALONSO, J., LEE, S. 
& USTUN, T. 2007. Age of onset of mental disorders: a review of recent 
literature. Curr Opin Psychiatry, 20, 359-364. 

KEYS, B. & WHITE, D. 2000. Exploring the relationship between age, executive 
abilities, and psychomotor speed. J Intl Neuropsychol Soc, 6, 76-82. 

KHAN, M., PARIKH, V. & MAHADIK, S. 2002. Effects of chronic exposure of 
antipsychotics on apolipoprotein D in rat brain. Biol Psychiatry, 51, 168S. 

KHAN, M., PARIKH, V. & MAHADIK, S. 2003. Antipsychotic drugs differentially 
modulate apolipoprotein in rat brain. J Neurochem, 865, 1089-1100. 

KIEFER, C., SLOTBOOM, J., BURI, C., GRALLA, J., REMONDA, L., DIERKS, 
T., STRIK, W., SCHROTH, G. & KALUS, P. 2004. Differentiating 
hippocampal subregions by means of quantitative magnetization transfer and 
relaxometry: preliminary results. Neuroimage, 23, 1093-1099. 

KIER, E. & TRUWIT, C. 1996. The normal and abnormal genu of the corpus 
callosum: an evolutionary, embryologic, anatomic, and MR analysis. AJNR, 
17, 1631-1641. 

KIESEPPA, T., VAN ERP, T., HAUKKA, J., PARTONEN, T., CANNON, T., 
POUTANEN, V., KAPRIO, J. & LONNQVIST, J. 2003. Reduced left 
hemispheric white matter volume in twins with bipolar I disorder. Biol 
Psychiatry, 54, 896-905. 

KIM, J., CHOI, C., CHOI, S. & AL, E. 2000. Primary antiphospholipid antibody 
syndrome: neuroradiologic findings in eleven patients. Korean J Radiol, 1, 5-
10. 

KIM, S. & WEBSTER, M. J. 2010a. Correlation analysis between genome-wide 
expression profiles and cytoarchitectural abnormalities in the prefrontal cortex 
of psychiatric disorders. Mol Psychiatry, 15, 326-36. 

KIM, S. & WEBSTER, M. J. 2010b. Integrative genome-wide association analysis of 
cytoarchitectural abnormalities in the prefrontal cortex of psychiatric 
disorders. Mol Psychiatry. 

KIMURA, A., KANOH, Y., SAKURAI, T., KOUMURA, A., YAMADA, M., 
HAYASHI, Y., TANAKA, Y., HOZUMI, I., TAKEMURA, M., SEISHIMA, 
M. & INUZUKA, T. 2010. Antibodies in patients with neuropsychiatric 
systemic lupus erythematosus. Neurology, 74, 1372-9. 

KINKEL, W., JACOBS, L., POLACHINI, I., BATES, V. & HEFFNER, R. 1985. 
Subcortical arteriosclerotic encephalopathy (Binswanger's disease). Computed 
tomographic, nuclear magnetic and clinical correlations. Arch Neurol, 42, 951-
959. 

KIRKPATRICK, B., BUCHANAN, R., ROSS, D. & CARPENTER, W. J. 2001a. A 
separate disease within the syndrome of schizophrenia. Arch Gen Psychiatr, 
58, 165-171. 



 342 

KIRKPATRICK, L., WITT, A., PAYNE, H., SHINE, H. & BRADY, S. 2001b. 
Changes in microtubule stability and density in myelin-deficient shiverer 
mouse CNS axons. J Neurosci, 21, 2288-2297. 

KITAMURA, H., MATSUZAWA, H., SHIORI, T., SOMEYA, T., KWEE, I. & 
NAKADA, T. 2005. Diffusion tensor analysis in established schizophrenia: a 
preliminary study on a high-field (3.0T) system. Eur Arch Psychiatry Clin 
Neurosci, In Press. 

KITCHIN, W., COHEN-COLE, S. & MICKEL, S. 1987. Adrenoleukodystrophy: 
frequency of presentation as a psychiatric disorder. Biol Psychiatry, 22, 1375-
1387. 

KLINGBERG, T., VAIDYA, C., GABRIELI, J. & AL, E. 1999. Myelination and 
organization of the frontal white matter in children: a diffusion tensor MRI 
study. Neuroreport, 10, 2817-2821. 

KLUNEMANN, H. H., RIDHA, B. H., MAGY, L., WHERRETT, J. R., 
HEMELSOET, D. M., KEEN, R. W., DE BLEECKER, J. L., ROSSOR, M. 
N., MARIENHAGEN, J., KLEIN, H. E., PELTONEN, L. & PALONEVA, J. 
2005. The genetic causes of basal ganglia calcification, dementia, and bone 
cysts: DAP12 and TREM2. Neurology, 64, 1502-7. 

KNOTT, V., MAHONEY, C., KENNEDY, S. & EVANS, K. 2001. EEG power, 
frequency, asymmetry and coherence in male depression. Psychiatry Res, 106, 
123-140. 

KOBAYASHI, K., KOBAYASHI, E., MIYAZU, K. & AL, E. 2000. Hypothalamic 
hemorrhave and thalamus degeneration in a case of Nasu-Hakola disease with 
hallucinatory symptoms and central hypothermia. Neuropathol Appl 
Neurobiol, 26, 98-101. 

KOEPPEN, A. & ROBITAILLE, Y. 2002. Pelizaeus-Merzbacher disease. J 
Neuropathol Exp Neurol, 61, 747-759. 

KOHLER, J., HEILMEYER, H. & VOLK, B. 1988. Multiple sclerosis presenting as 
chronic atypical psychosis. J Neurol Neurosurg Psychiatr, 51, 281-284. 

KOLODNY, E. 1989. Agenesis of the corpus callosum: a marker of inherited 
metabolic disease? Neurology, 39, 847-848. 

KONRADI, C. 2005. Gene expression microarray studies in polygenic psychiatric 
disorders: application and data analysis. Brain Res Rev, In Press. 

KOSMIDIS, M. H., GIANNAKOU, M., MESSINIS, L. & 
PAPATHANASOPOULOS, P. 2010. Psychotic features associated with 
multiple sclerosis. Int Rev Psychiatry, 22, 55-66. 

KOTIL, K., KALAYCI, M., KOSEOGLU, T. & TUGRUL, A. 2002. Myelinoclastic 
diffuse sclerosis (Schilder's disease): report of a case and review of the 
literature. Br J Neurosurg, 16, 516-9. 

KRAEPELIN, E. 1893. Psychiatrie., Heidelberg. 
KRAEPELIN, E. 1919a. Dementia praecox and paraphrenia., Chicago, Thoemmes. 
KRAEPELIN, E. 1919b. Manic-Depressive Insanity and Paranoia., Edinburgh, 

Livingstone. 
KRAEPELIN, E. 1920. The phenomenological forms of insanity. Zeitschrift für die 

Gesamte Neurologie und Psychiatrie, 62, 1-29. 
KRAEPELIN, E. 1921. Manic-Depressive Insanity and Paranoia., Edinburgh, E & S 

Livingstone. 
KRAYNACK, N., HOSTOFFER, D., ROBIN, N. & AL, E. 1999. Agenesis of the 

corpus callosum association with DiGeorge-velocardiofacial syndrome: a case 
report and review of the literature. J Child Neurol, 14, 754-756. 



 343 

KUBICKI, M., MCCARLEY, R. & SHENTON, M. 2005a. Evidence for white matter 
abnormalities in schizophrenia. Curr Opin Psychiatry, 18, 121-134. 

KUBICKI, M., MCCARLEY, R., WESTIN, C., PARK, H.-J., MAIER, S., KIKINIS, 
R., JOLESZ, F. & SHENTON, M. 2005b. A review of diffusion tensor 
imaging studies in schizophrenia. J Psych Res, In Press. 

KUBICKI, M., MCCARLEY, R., WESTIN, C. F., PARK, H. J., MAIER, S., 
KIKINIS, R., JOLESZ, F. A. & SHENTON, M. E. 2007. A review of 
diffusion tensor imaging studies in schizophrenia. J Psychiatr Res, 41, 15-30. 

KUBICKI, M., PARK, H., WESTIN, C., NESTOR, P., MULKERN, R., MAIER, S., 
NIZNIKIEWICZ, M., CONNOR, E., LEVITT, J., FRUMIN, M., KIKINIS, 
R., JOLESZ, F., MCCARLEY, R. & SHENTON, M. 2005c. DTI and MTR 
abnormalities in schizophrenia: analysis of white matter integrity. 
Neuroimage, 26, 1109-1118. 

KUBICKI, M., STYNER, M., BOUIX, S., GERIG, G., MARKANT, D., SMITH, K., 
KIKINIS, R., MCCARLEY, R. W. & SHENTON, M. E. 2008. Reduced 
interhemispheric connectivity in schizophrenia-tractography based 
segmentation of the corpus callosum. Schizophr Res, 106, 125-31. 

KUBICKI, M., WESTIN, C., MAIER, S., FRUMIN, M., NESTOR, P., SALISBURY, 
D., KIKINIS, R., JOLESZ, F., MCCARLEY, R. & SHENTON, M. 2002. 
Uncinate fasciculus findings in schizophrenia: a magnetic resonance diffusion 
tensor imaging study. Am J Psychiatry, 159, 813-820. 

KUBICKI, M., WESTIN, C., NESTOR, P., WIBLE, C., FRUMIN, M., MAIER, M., 
KIKINIS, R., JOLESZ, F., MCCARLEY, R. & SHENTON, M. 2003. 
Cingulate fasciculus integrity disruption in schizophrenia: a magnetic 
resonance diffusion tensor imaging study. Biol Psychiatry, 54, 1171-1180. 

KULYNYCH, J., LUEVANO, L., JONES, D. & WEINBERGER, D. 1997. Cortical 
abnormality in schizophrenia: an in vivo application of the gyrification index. 
Biol Psychiatry, 41. 

KUMAR, S., COLE, R., CHIAPELLI, F. & DE VELLIS, J. 1989. Differential 
regulation of oligodendrocyte markers by glucocorticoids: post-transcriptional 
regulation of both proteolipid protein and myelin basic protein and 
transcriptional regulation of glycerol phosphate dehydrogenase. Proc Nat 
Acad Sci USA, 86, 6807-6811. 

KUMRA, S., ASHTARI, M., MCMENIMAN, M., VOGEL, J., AUGUSTIN, R., 
BECKER, D., NAKAYAMA, E., GYATO, K., KANE, J., LIM, K. & 
SZESKO, P. 2004. Reduced frontal white matter integrity in early-onset 
schizophrenia: a preliminary study. Biol Psychiatry, 55, 1138-1145. 

KURITZKY, A., LIVNI , E., MUNITZ, H., ENGLANDER, T., TYANO, S., 
WIJSENBEEK, H., JOSHUA, H. & KOTT, E. 1976. Cell-mediated immunity 
to human myelin basic protein in schizophrenic patients. J Neurol Sci, 30, 
369-373. 

KUROKI, N., KUBICKI, M., NESTOR, P. G., SALISBURY, D. F., PARK, H. J., 
LEVITT, J. J., WOOLSTON, S., FRUMIN, M., NIZNIKIEWICZ, M., 
WESTIN, C. F., MAIER, S. E., MCCARLEY, R. W. & SHENTON, M. E. 
2006. Fornix integrity and hippocampal volume in male schizophrenic 
patients. Biol Psychiatry, 60, 22-31. 

KWON, Y., TSAI, L. & CRANDALL, J. 1999. Callosal axon guidance defects in p35 
(-/-) mice. J Comp Neurol, 415, 218-229. 

KYRIAKOPOULOS, M., BARGIOTAS, T., BARKER, G. J. & FRANGOU, S. 
2008a. Diffusion tensor imaging in schizophrenia. Eur Psychiatry, 23, 255-73. 



 344 

KYRIAKOPOULOS, M. & FRANGOU, S. 2009. Recent diffusion tensor imaging 
findings in early stages of schizophrenia. Curr Opin Psychiatry, 22, 168-76. 

KYRIAKOPOULOS, M., VYAS, N. S., BARKER, G. J., CHITNIS, X. A. & 
FRANGOU, S. 2008b. A diffusion tensor imaging study of white matter in 
early-onset schizophrenia. Biol Psychiatry, 63, 519-23. 

LACERDA, A., BRAMBILLA, P., SASSI, R., NICOLETTI, M., MALLINGER, A., 
FRANK, E., KUPFER, D., KESHAVAN, M. & SOARES, J. 2005. 
Anatomical MRI study of corpus callosum in unipolar depression. J Psychiatr 
Res, 39, 347-354. 

LADOUCEUR, C., ALMEIDA, J., BIRMAHER, B., AXELSON, D., NAU, S., 
KALAS, C., MONK, K., KUPFER, D. & PHILIPS, M. 2008. Subcortical gray 
matter volume abnormalities in healthy bipolar offspring: potential 
neuroanatomical risk marker for bipolar disorder? J Am Acad Child Adolesc 
Psychiatry, 47, 532-539. 

LAFITTE, C. 1998. Neurological manifestations of primary Gougerot-Sjogren's 
syndrome. Rev Neurol (Paris), 154, 658-673. 

LAI, N. & LAN, J. 2000. Evaluation of cerebrospinal anticardiolipin antibodies in 
lupus patients with neuropsychiatric manifestations. Lupus, 9, 353-357. 

LAMANTIA, A. & RAKIC, P. 1992. Axon overproduction and elimination in the 
corpus callosum of the developing rhesus monkey,. J Neurosci, 10, 2156-
2175. 

LANG, D. J., KHORRAM, B., GOGHARI, V. M., KOPALA, L. C., VANDORPE, 
R. A., RUI, Q., SMITH, G. N. & HONER, W. G. 2006. Reduced anterior 
internal capsule and thalamic volumes in first-episode psychosis. Schizophr 
Res, 87, 89-99. 

LARSEN, T. K., MOE, L. C., VIBE-HANSEN, L. & JOHANNESSEN, J. O. 2000. 
Premorbid functioning versus duration of untreated psychosis in 1 year 
outcome in first-episode psychosis. Schizophr Res, 45, 1-9. 

LAWRIE, S., WHALLEY, H., ABUKMEIL, S., KESTELMAN, J., MILLER, P., 
BEST, J., OWENS, D. & JOHNSTONE, E. 2002a. Temporal lobe volume 
changes in people at high risk of schizophrenia with psychotic symptoms. Br J 
Psychiatry, 181, 138-143. 

LAWRIE, S. M., BUECHEL, C., WHALLEY, H. C., FRITH, C. D., FRISTON, K. J. 
& JOHNSTONE, E. C. 2002b. Reduced frontotemporal functional 
connectivity in schizophrenia associated with auditory hallucinations. Biol 
Psychiatry, 51, 1008-11. 

LEBEL, C., WALKER, L., LEEMANS, A., PHILLIPS, L. & BEAULIEU, C. 2008. 
Microstructural maturation of the human brain from childhood to adulthood. 
Neuroimage, 40, 1044-1055. 

LEBIHAN, D., MANGIN, J., POUPON, C., CLARK, C., PAPPATA, S., MOLKO, 
N. & CHABRIAT, H. 2001. Diffusion tensor imaging: concepts and 
applications. J Magn Reson Imaging, 13, 534-546. 

LEE, J. 1998. Morphometry of the cortex in partial epilepsy., Montreal, McGill. 
LEE, M., HAZARD, S., CARPTEN, J. & AL, E. 2001. Fine-mapping, mutation 

analyses, and structural mapping of cerebrotendinous xanthomatosis in U.S. 
pedigrees. J Lipid Res, 42, 159-169. 

LEE, Y., LIN, P., CHIU, N., CHANG, W. & WEN, J. 2002. Cerebrotendinous 
xanthomatosis with psychiatric disorder: report of three siblings and literature 
review. Chang Gung Med J, 25, 334-340. 

LEVINSON, D. F., MAHTANI, M. M., NANCARROW, D. J., BROWN, D. M., 



 345 

KRUGLYAK, L., KIRBY, A., HAYWARD, N. K., CROWE, R. R., 
ANDREASEN, N. C., BLACK, D. W., SILVERMAN, J. M., ENDICOTT, J., 
SHARPE, L., MOHS, R. C., SIEVER, L. J., WALTERS, M. K., LENNON, 
D. P., JONES, H. L., NERTNEY, D. A., DALY, M. J., GLADIS, M. & 
MOWRY, B. J. 1998. Genome scan of schizophrenia. Am J Psychiatry, 155, 
741-50. 

LEVITAN, C., WARD, P. B. & CATTS, S. V. 1999. Superior temporal gyral 
volumes and laterality correlates of auditory hallucinations in schizophrenia. 
Biol Psychiatry, 46, 955-62. 

LEWIS, C., LEVINSON, D., WISE, L., DELISI, L., STRAUB, R., HOVATTA, I. & 
AL, E. 2003. Genome scan meta-analysis of schizophrenia and  bipolar 
disorder, part II: schizophrenia. Am J Hum Genet, 73, 34-48. 

LEWIS, S., REVELEY, A., DAVID, A. & RON, M. 1988. Agenesis of the corpus 
callosum and schizophrenia: a case report. Psychol Med, 18, 341-347. 

LI, L., MA, N., LI, Z., TAN, L., LIU, J., GONG, G., SHU, N., HE, Z., JIANG, T. & 
XU, L. 2007. Prefrontal white matter abnormalities in young adult with major 
depressive disorder: a diffusion tensor imaging study. Brain Res, 1168, 124-
128. 

LIDDLE, P. & PANTELIS, C. 2003. Brain imaging in schizophrenia. In: HIRSCH, S. 
& WEINBERGER, D. (eds.) Schizophrenia. Oxford: Blackwell Science Ltd. 

LIEBERMAN, J., CHAKOS, M., WU, H., ALVIR, J., HOFFMAN, E., ROBINSON, 
D. & BILDER, R. 2001. Longitudinal study of brain morphology in first 
episode schizophrenia. Biol Psychiatry, 49, 487-99. 

LIEPMANN, H. & MAAS, O. 1908. Fall von linksseitiger agraphie und apraxia bei 
rechtsseitiger lahmung. Journal fur Psychologie und Neurologie (Leipzig), 10, 
214-217. 

LIM, K., ADALSTEINSON, A., SPIELMAN, D., ROSENBLOOM, M., 
SULLIVAN, E. & PFEFFERBAUM, A. 1998. Proton magnetic resonance 
spectroscopic imaging of cortical gray and white matter in schizophrenia. Arch 
Gen Psychiatr, 55, 346-352. 

LIM, K., HEDEHUS, M., MOSELEY, M., DE CRESPIGNY, A., SULLIVAN, E. & 
PFEFFERBAUM, A. 1999. Compromised white matter integrity in 
schizophrenia inferred from diffusion tensor imaging. Arch Gen Psychiatr, 56, 
367-374. 

LIM, K., SULLIVAN, E., ZIPURSKY, R. & PFEFFERBAUM, A. 1996. Cortical 
gray matter volume deficits in schizophrenia: a replication. Schizophr Res, 20, 
157-164. 

LIM, K., ZIPURSKY, R., WATTS, M. & PFEFFERBAUM, A. 1992. Decreased gray 
matter in normal aging: an in vivo magnetic resonance study. J Gerontol, 47, 
B26-30. 

LIMOSIN, F., ROUILLON, F., PAYAN, C., COHEN, J. & STRUB, N. 2003. 
Prenatal exposure to influenza as a risk factor for adult schizophrenia. Acta 
Psychiatr Scand, 107, 331-335. 

LISANBY, S., KOHLER, C., SWANSON, C. & GUR, R. 1998. Psychosis secondary 
to brain tumour. Semin Clin Neuropsychiatry, 3, 12-22. 

LIU, X., QIN, W., GUANG, H., YANG, Y., CHEN, Q., ZHOU, J., LI, D., GU, N., 
XU, Y., FENG, G., SANG, H., HAO, X., ZHANG, K., WANG, S. & HE, L. 
2005. A family-based association study of the MOG gene with schizophrenia 
in the Chinese population. Schizophr Res, 73, 275-280. 

LIVNI , E., MUNITZ, H., TYANO, S., ENGLANDER, T., KURITZKY, A., 



 346 

WYSENBEEK, H. & JOSHUA, H. 1979. Further studies on cell-mediated 
immunity to myelin basic protein in schizophrenic patients. J Neurol Sci, 42, 
437-440. 

LOCKHART, D. & WINZELER, E. 2000. Genomics, gene expression and DNA 
arrays. Nature, 405, 827-836. 

LOESER, J. & ALVORD, E. 1968a. Agenesis of the corpus callosum. Brain, 91, 553-
570. 

LOESER, J. & ALVORD, E. 1968b. Clinicopathological correlations in agenesis of 
the corpus callosum. Neurology, 18, 745-756. 

LOPEZ-LARSON, M., DELBELLO, M., ZIMMERMAN, M., SCHIERS, M. & 
STRAKOWSKI, S. 2002. Regional prefrontal gray and white matter 
abnormalities in bipolar disorder. Biol Psychiatry, 52, 93-100. 

LOSSOS, A., SCHLESIGNER, I., OKON, E., ABRAMSKY, O., BARGAL, R., 
VANIER, M. & ZEIGLER, M. 1997. Adult-onset Niemann-Pick type C 
disease: clinical, biochemical and genetic study. Arch Neurol, 54, 1536-1541. 

LOWE, T., TANAKA, K., SEASHORE, M. & AL, E. 1980. Detection of 
phenylketonuria in autistic and psychotic children. JAMA, 243, 126-128. 

LOWENBERG, K. & HILL, T. 1933. Diffuse sclerosis with preserved myelin islands. 
Arch Neurol Psychiatr, 29, 1232-1245. 

LUCCHINETTE, C., BRUCK, W. & NOSEWORTHY, J. 2001. Multiple sclerosis: 
recent developments in neuropathology, pathogenesis, magnetic resonance 
imaging studies and treatment. Curr Opin Neurol, 14, 259-269. 

LUDERS, E., DI PAOLA, M., TOMAIUOLO, F., THOMPSON, P. M., TOGA, A. 
W., VICARI, S., PETRIDES, M. & CALTAGIRONE, C. 2007. Callosal 
morphology in Williams syndrome: a new evaluation of shape and thickness. 
Neuroreport, 18, 203-7. 

LUDERS, E., REX, D., NARR, K., WOODS, R., JANCKE, L., THOMPSON, P., 
MAZZIOTTA, J. & TOGA, A. 2003. Relationships between sulcal 
asymmetries and corpus callosum size: gender and handedness effects. 
Cerebral Cortex, 13, 1084-1093. 

LUDWIG, C., SMITH, M., GODFREY, A. & ARMBRUSTMACHER, V. 1986. A 
clinicopathological study of 323 patients with oligodendrogliomas. Ann 
Neurol, 19, 15-21. 

LUKOFF, D., NUECHTERLEIN, K. & VENTURA, J. 1986. Manual for expanded 
Brief Psychiatric Rating Scale (BPRS). Schizophrenia Bulletin, 12, 594-602. 

LUTKENHOFF, E. S., VAN ERP, T. G., THOMAS, M. A., THERMAN, S., 
MANNINEN, M., HUTTUNEN, M. O., KAPRIO, J., LONNQVIST, J., 
O'NEILL, J. & CANNON, T. D. 2010. Proton MRS in twin pairs discordant 
for schizophrenia. Mol Psychiatry, 15, 308-18. 

LYOO, I., KWON, J., LEE, S., HAN, M., CHANG, C., SEO, C., LEE, S. & 
RENSHAW, P. 2002. Decrease in genu of the corpus callosum in medication-
naive, early-onset dysthymia and depressive personality disorder. Biol 
Psychiatry, 52, 1134-1143. 

LYOO, I., SUNG, Y., DAGER, S., FRIEDMAN, S., LEE, J., KIM, S., DUNNER, D. 
& RENSHAW, P. 2006a. Regional cerebral cortical thinning in bipolar 
disorder. Bipolar Disord, 8, 65-74. 

LYOO, I., SUNG, Y., DAGER, S., FRIEDMAN, S., LEE, J., KIM, S., KIM, N., 
DUNNER, D. & RENSHAW, P. 2006b. Regional cerebral cortical thinning in 
bipolar disorder. Bipolar Disord, 8, 65-74. 

MA, N., LI, L., SHU, N., LIU, J., GONG, G., HE, Z., LI, Z., TAN, L., STONE, W., 



 347 

ZHANG, Z., XU, L. & JIANG, T. 2007. White matter abnormalities in first-
episode, treatment-naive young adults with major depressive disorder. Am J 
Psychiatry, 164, 823-826. 

MACHIYAMA, Y., WATANABE, Y. & MACHIYAMA, R. 1987. Neuroanatomical 
studies of the corpus callosum in schizophrenia: evidence of aberrant 
interhemispheric fibre connection. In: TAKAHASHI, R. & FLOR-HENRY, P. 
(eds.) Cerebral Dynamics, Laterality and Psychopathology. Amsterdam: 
Elsevier. 

MACK, A., FRICCIONE, G. & ROGERS, M. 2002. Neuropsychiatric systemic lupus 
erythematosus, age and the neurodevelopmental model: evidence in support of 
the Weinberger hypothesis. Compr Psychiatry, 43, 135-141. 

MAENO, N., TAKAHASHI, N., SAITO, S., JI, X., ISHIHARA, R., AOYAMA, N., 
BRANKO, A., MIURA, H., IKEDA, M., SUZUKI, T., KITAJIMA, T., 
YAMANOUCHI, Y., KINOSHITA, Y., IWATA, N., INADA, T. & OZAKI, 
N. 2007. Association of SOX10 with schizophrenia in the Japanese 
population. Psychiatr Genet, 17, 227-31. 

MAHADIK, S., KHAN, M., EVANS, D. & PARIKH, V. 2002. Elevated plasma level 
of apolipoprotein D in schizophrenia and its treatment and outcome. Schizophr 
Res, 58, 55-62. 

MALINOW, K., MOLINA, R., GORDON, B. & AL, E. 1985. Neuropsychiatric 
dysfunction in primary Sjogren's syndrome. Ann Intern Med, 103, 344-349. 

MALONE, M. & SZOKE, M. 1985. Neurochmical changes in white matter. Aged 
human brain and Alzheimer's disease. Arch Neurol, 42, 1063-1066. 

MANDL, R. C., SCHNACK, H. G., LUIGJES, J., VAN DEN HEUVEL, M. P., 
CAHN, W., KAHN, R. S. & HULSHOFF POL, H. E. 2008. Tract-based 
Analysis of Magnetization Transfer Ratio and Diffusion Tensor Imaging of 
the Frontal and Frontotemporal Connections in Schizophrenia. Schizophr Bull. 

MANJI, H., MOORE, G. & CHEN, G. 2000. Clinical and preclinical evidence for the 
neurotrophic effects of mood stabilizers: implications for the pathophysiology 
and treatment of manic-depressive illness. Biol Psychiatry, 28, 943-960. 

MARCH, P., THRALL, M., BROWN, D., MITCHELL, T., LOWENTHAL, A. & 
WALKLEY, S. 1997. GABAergic neuroaxonal dystrophy and other 
cytopathological alterations in feline Niemann-Pick disease type C. Acta 
Neuropathol, 94, 164-172. 

MARENCO, S. & WEINBERGER, D. 2000. The neurodevelopmental hypothesis of 
schizophrenia: following a trail of evidence from cradle to grave. Dev 
Psychopathol, 12, 501-527. 

MARNEROS, A., DEISTER, A. & ROHDE, A. 1990. Psychopathological and social 
status of patients with affective, schizophrenic and schizoaffective disorders 
after long-term course. Acta Psychiatr Scand, 82, 352-358. 

MARSZAL, E., JAMROZ, E., PILCH, J., KLUCZEWSKA, E., JABLECKA-DEJA, 
H. & KRAWCZYK, R. 2000. Agenesis of corpus callosum: clinical 
description and etiology. J Child Neurol, 15, 401-5. 

MARTINEZ, X., TINTORE, M., MONTALBAN, J. & AL, E. 1992. Antibodies 
against gangliosides in patients with SLE and neurological manifestations. 
Lupus, 1, 299-302. 

MATHALON, D., FORD, J., ROSENBLOOM, M. & PFEFFERBAUM, A. 2000. 
P300 reduction and prolongation with illness duration in schizophrenia. Biol 
Psychiatry, 47, 413-427. 

MATHALON, D., PFEFFERBAUM, A., LIM, K., ROSENBLOOM, M. & 



 348 

SULLIVAN, E. 2003. Compounded brain volume deficits in schizophrenia-
alcoholism morbidity. Arch Gen Psychiatry, 60, 245-252. 

MAUCH, E., VOLK, C., KRATZSCH, G. & ZL, E. 1994. Neurological and 
neuropsychiatric dysfunction in primary Sjogren's syndrome. Acta Neurol 
Scand, 89, 31-35. 

MAXWELL, M. 1992. Family Interview for Genetic Studies (FIGS): Manual For 
FIGS., Bethesda, MD, Clinical Neurogenetics Branch, Intramural Research 
Program, National Institute of Mental Health. 

MAY, P. R., VAN PUTTEN, T. & YALE, C. 1980. Predicting outcome of 
antipsychotic drug treatment from early response. Am J Psychiatry, 137, 1088-
9. 

MAYNARD, T., HASKELL, G., LIEBERMAN, J. & LAMANTIA, A.-S. 2002. 
22q11 DS: genomic mechanisms and gene function in 
DiGeorge/velocardiofacial syndrome. Int J Dev Neurosci, 20, 407-419. 

MCCARLEY, R. W., WIBLE, C. G., FRUMIN, M., HIRAYASU, Y., LEVITT, J. J., 
FISCHER, I. A. & SHENTON, M. E. 1999. MRI anatomy of schizophrenia. 
Biol Psychiatry, 45, 1099-119. 

MCCULLUMSMITH, R. E., GUPTA, D., BENEYTO, M., KREGER, E., 
HAROUTUNIAN, V., DAVIS, K. L. & MEADOR-WOODRUFF, J. H. 2007. 
Expression of transcripts for myelination-related genes in the anterior 
cingulate cortex in schizophrenia. Schizophr Res, 90, 15-27. 

MCDONALD, C., BULLMORE, E., SHAM, P., CHITNIS, X., SUCKLING, J., 
MACCABE, J., WALSHE, M. & MURRAY, R. 2005. Regional volume 
deviations of brain structure in schizophrenia and psychotic bipolar disorder: 
computational morphometry study. Br J Psychiatry, 16, 369-377. 

MCDONALD, C., BULLMORE, E., SHAM, P., CHITNIS, X., WICKHAM, H., 
BRAMON, E. & MURRAY, R. 2004. Association of genetic risks for 
schizophrenia and bipolar disorder with specific and generic brain structural 
endophenotypes. Arch Gen Psychiatry, 61, 974-984. 

MCDONALD, C., MARSHALL, N., SHAM, P., BULLMORE, E., SCHULZE, K., 
CHAPPLE, B., BRAMON, E., FILBEY, F., QURAISHI, S., WALSHE, M. & 
MURRAY, R. 2006. Regional brain morphometry in patients with 
schizophrenia or bipolar disorder and their unaffected relatives. Am J 
Psychiatry, 163, 478-487. 

MCDONALD, J., ALTHOMSONS, S., CHOI, D. & GOLDBERG, M. 1998. 
Oligodendrocytes from forebrain are highly vulnerable to AMPA/kainate 
receptor mediated excitotoxicity. Nat Med, 4, 291-297. 

MCGLASHAN, T. & HOFFMAN, R. 2000. Schizophrenia as a disorder of 
developmentally reduced synaptic connectivity. Arch Gen Psychiatr, 57, 637-
648. 

MCGLASHAN, T., ZIPURSKY, R., PERKINS, D., ADDINGTON, J., MILLER, T., 
WOODS, S., HAWKINS, K., HOFFMAN, R., LINDBORG, S., TOHEN, M. 
& BREIER, A. 2003. The PRIME North America randomized double-blind 
clinical trial of olanzapine versus placebo in patients at risk of being 
prodromally symptomatic for psychosis. I. Study rationale and design. 
Schizophr Res, 61, 7-18. 

MCGORRY, P., PHILLIPS, L. & YUNG, A. 2001a. Recognition and treatment of the 
pre-psychotic phase of psychotic disorders: frontier or fantasy? In: 
JOHANSSEN, J. (ed.) Early Intervention in Psychiatric Disorders. 
Amsterdam: Kluwer. 



 349 

MCGORRY, P., SINGH, B., COPOLOV, D., KAPLAN, I., DOSSETOR, C. & VAN 
RIEL, R. 1990. The Royal Park multi-diagnostic instrument for psychosis. 
Part II: development, reliability and validity. Schizophr Bull, 16, 517-536. 

MCGORRY, P., YUNG, A. & PHILLIPS, L. 2001b. Ethics and early intervention in 
psychosis: keeping up the pace and staying in step. Schizophr Res, 51, 17-29. 

MCGORRY, P., YUNG, A. & PHILLIPS, L. 2003. The "close-in" or ultra high-risk 
model: a safe and effective strategy for research and clinical intervention in 
prepsychotic mental disorder. Schizophr Bull, 29, 771-790. 

MCGORRY, P. D., EDWARDS, J., MIHALOPOULOS, C., HARRIGAN, S. M. & 
JACKSON, H. J. 1996. EPPIC: an evolving system of early detection and 
optimal management. Schizophr Bull, 22, 305-26. 

MCINTOSH, A., JOB, D., MOORHEAD, T., HARRISON, L., FORRESTER, K., 
LAWRIE, S. & JOHNSTONE, E. 2004. Voxel-based morphometry of patients 
with schizophrenia or bipolar disorder and their unaffected relatives. Biol 
Psychiatry, 56, 544-552. 

MCINTOSH, A., JOB, D., MOORHEAD, T., HARRISON, L. & LAWRIE, S. 2005a. 
White matter density in patients with schizophrenia, bipolar disorder and their 
unaffected relatives. Biol Psychiatry, 58, 254-257. 

MCINTOSH, A., JOB, D., MOORHEAD, T., HARRISON, L., LAWRIE, S. & 
JOHNSTONE, E. 2005b. White matter density in patients with schizophrenia, 
bipolar disorder and their unaffected relatives. Biol Psychiatry, In Press. 

MCINTOSH, A., JOB, D., MOORHEAD, T., HARRISON, L., LAWRIE, S. & 
JOHNSTONE, E. 2005c. White matter density in patients with schizophrenia, 
bipolar disorder and their unaffected relatives. Biol Psychiatry, 58, 254-257. 

MCINTOSH, A., JOB, D., MOORHEAD, W., HARRISON, L., WHALLEY, H., 
JOHNSTONE, E. & LAWRIE, S. 2006. Genetic liability to schizophrenia or 
bipolar disorder and its relationship to brain structure. Am J Med Genet B 
Neuropsychiatr Genet 141B, 76-83. 

MCLEOD, N. A., WILLIAMS, J. P., MACHEN, B. & LUM, G. B. 1987. Normal and 
abnormal morphology of the corpus callosum. Neurology, 37, 1240-2. 

MCQUILLAN, A., RIZIG, M. & GURLING, H. 2007. A microarray gene expression 
study of the molecular pharmacology of lithium carbonate on mouse brain 
mRNA to understand the neurobiology of mood stabilization and treatment of 
bipolar affective disorder. Pharmacogenet Genomics, 17, 605-617. 

MEISENZAHL, E., FRODL, T., GREINER, J., LEINSINGER, G., MAAG, K., 
HEISS, D., HAHN, K., HEGERL, U. & MOLLER, H.-J. 1999. Corpus 
callosum size in schizophrenia - a magnetic resonance imaging analysis. Eur 
Arch Psychiatry Clin Neurosci, 249, 305-312. 

MELCANGI, R., MAGNAGHI, I., CAVARETTA, L. & AL, E. 1998. Age-induced 
decrease of glycoprotein PO and myelin basic protein gene expression in the 
rat sciatic nerve: repair by steroid derivatives. Neurosci, 85, 569-578. 

MENEZES, N., ARENOVICH, T. & ZIPURSKY, R. 2006. A systematic review of 
longitudinal outcome studies of first-episode psychosis. Psychol Med, 36, 
1349-1362. 

MENKES, J. 1990. The leukodystrophies. N Engl J Med, 322, 54-55. 
MENZA, M., BLAKE, J. & GOLDBERT, L. 1988. Affective symptoms and 

adrenoleukodystrophy: a report of two cases. Psychosomatics, 29, 442-445. 
MERRIAM, A., HEGARTY, A. & MILLER, A. 1989. A proposed etiology for 

psychotic symptoms in white matter dementia. Neuropsychiatr Neuropsychol 
Behav Neurol, 2, 225-228. 



 350 

MIHALOPOULOS, C., MCGORRY, P. D. & CARTER, R. C. 1999. Is phase-
specific, community-oriented treatment of early psychosis an economically 
viable method of improving outcome? Acta Psychiatr Scand, 100, 47-55. 

MILEV, P., HO, B., ARNDT, S., NOPOULOS, P. & ANDREASEN, N. 2003. Initial 
magnetic resonance imaging volumetric brain measurements and outcome in 
schizophrenia: a prospective longitudinal study with 5-year follow-up. Biol 
Psychiatry, 54, 608-613. 

MILLER, A., ALSTON, R. & CORSELLIS, J. 1980. Variation with age in the 
volumes of grey and white matter in the cerebral hemispheres of man: 
measurements with an image analyser. Neuropathol Appl Neurobiol, 6, 119-
132. 

MILLER, B., LESSER, I. & MENA, I. 1992. Regional cerebral blood flow in late-
life-onset psychosis. Neuropsychiatry Neuropsychol Behav Neurol, 5, 132-
137. 

MINAMI, T., NOBUHARA, K., OKUGAWA, G. & AL, E. 2003. Diffusion tensor 
magnetic resonance imaging ot disruption of regional white matter in 
schizophrenia. Neuropsychobiol, 47, 141-145. 

MIOT-NOIRAULT, E., BARANTIN, L., AKOKA, S. & LE PAPE, A. 1997. T2 
relaxation time as a marker of brain myelination: experimental MR study in 
two neonatal animal models. J Neurosci Methods, 72, 5-14. 

MIRNICS, K., MIDDLETON, F., LEWIS, D. & LEVITT, P. 2001a. Analysis of 
complex brain disorders with gene expression microarrays: schizophrenia as a 
disease of the synapse. Trends Neurosci, 24, 479-485. 

MIRNICS, K., MIDDLETON, F., MARQUEZ, A., LEWIS, D. & LEVITT, P. 2000. 
Molecular characterization of schizophrenia viewed by microarray analysis of 
gene expression in prefrontal cortex. Neuron, 28, 53-67. 

MIRNICS, K., MIDDLETON, F., STANWOOD, G., LEWIS, D. & LEVITT, P. 
2001b. Disease-specific changes in regulator of G-protein signaling 4 (RGS4) 
expression in schizophrenia. Mol Psychiatry, 6, 293-301. 

MIRSEN, T., LEE, D. & WONG, C. 1991. Clinical correlates of white matter 
changes on magnetic resonance imaging scans of the brain. Arch Neurol, 48, 
1015-1021. 

MITCHELL, A. 1998. The role of corticotropin releasing factor in depressive illness: 
a critical review. Neurosci Biobehav Rev, 22, 635-651. 

MITCHELL, T., FREE, S., MERSCHEMKE, M., LEMIEUX, L., SISODIYA, S. & 
SHORVON, S. 2003. Reliable callosal measurement: population normative 
data confirm sex-related differences. Am J Neuroradiol, 24, 410-418. 

MITELMAN, S., SHIHABUDDIN, L., BRICKMAN, A., HAZLETT, E. & 
BUCHSBAUM, M. 2003. MRI assessment of gray and white matter 
distribution in Brodmann's areas of the cortex in pattients with schizophrenia 
with good and poor outcomes. Am J Psychiatry, 160, 2154-2168. 

MITELMAN, S. A., BRICKMAN, A. M., SHIHABUDDIN, L., NEWMARK, R. E., 
HAZLETT, E. A., HAZNEDAR, M. M. & BUCHSBAUM, M. S. 2007. A 
comprehensive assessment of gray and white matter volumes and their 
relationship to outcome and severity in schizophrenia. Neuroimage, 37, 449-
62. 

MITELMAN, S. A., CANFIELD, E. L., NEWMARK, R. E., BRICKMAN, A. M., 
TOROSJAN, Y., CHU, K. W., HAZLETT, E. A., HAZNEDAR, M. M., 
SHIHABUDDIN, L. & BUCHSBAUM, M. S. 2009a. Longitudinal 
Assessment of Gray and White Matter in Established schizophrenia: A 



 351 

Combined Diffusion-Tensor and Structural Magnetic Resonance Imaging 
Study. Open Neuroimag J, 3, 31-47. 

MITELMAN, S. A., NEWMARK, R. E., TOROSJAN, Y., CHU, K. W., 
BRICKMAN, A. M., HAZNEDAR, M. M., HAZLETT, E. A., TANG, C. Y., 
SHIHABUDDIN, L. & BUCHSBAUM, M. S. 2006. White matter fractional 
anisotropy and outcome in schizophrenia. Schizophr Res, 87, 138-59. 

MITELMAN, S. A., NIKIFOROVA, Y. K., CANFIELD, E. L., HAZLETT, E. A., 
BRICKMAN, A. M., SHIHABUDDIN, L. & BUCHSBAUM, M. S. 2009b. A 
longitudinal study of the corpus callosum in established schizophrenia. 
Schizophr Res, 114, 144-53. 

MITKUS, S. N., HYDE, T. M., VAKKALANKA, R., KOLACHANA, B., 
WEINBERGER, D. R., KLEINMAN, J. E. & LIPSKA, B. K. 2008. 
Expression of oligodendrocyte-associated genes in dorsolateral prefrontal 
cortex of patients with schizophrenia. Schizophr Res, 98, 129-38. 

MIYATA, J., HIRAO, K., NAMIKI, C., FUKUYAMA, H., OKADA, T., MIKI, Y., 
HAYASHI, T. & MURAI, T. 2007. Interfrontal commissural abnormality in 
schizophrenia: tractography-assisted callosal parcellation. Schizophr Res, 97, 
236-41. 

MOFFETT, J. R. & NAMBOODIRI, M. A. 1995. Differential distribution of N-
acetylaspartylglutamate and N-acetylaspartate immunoreactivities in rat 
forebrain. J Neurocytol, 24, 409-33. 

MOFFETT, J. R., ROSS, B., ARUN, P., MADHAVARAO, C. N. & NAMBOODIRI, 
A. M. 2007. N-Acetylaspartate in the CNS: from neurodiagnostics to 
neurobiology. Prog Neurobiol, 81, 89-131. 

MOGHADASIAN, M., SALEN, G., FROHLICH, J. & SCUDAMORE, C. 2002. 
Cerebrotendinous xanthomatosis: a rare disease with diverse manifestations. 
Arch Neurol, 59, 527-529. 

MOHR, B., PULVERMULLER, F., COHEN, R. & ROCKSTROH, B. 2000. 
Interhemispheric cooperation during word processing: evidence for callosal 
transfer dysfunction in schizophrenic patients. Schizophr Res, 46, 231-9. 

MOISES, H., ZOEGA, T. & GOTTESMAN, I. 2002. The glial growth factors 
deficiency and synaptic destabilization hypothesis of schizophrenia. BMC 
Psychiatry, 2, http://www.biomedcentral.com/1471-244X/2/8/. 

MOK, C., LAU, C. & WONG, R. 2001. Neuropsychiatric manifestations and their 
clinical associations in southern Chinese patients with systemic lupus 
erythematosus. J Rheumatol, 28, 766-771. 

MOLINA, V., REIG, S., SANZ, J., PALOMO, T., BENITO, C., SANCHEZ, J., 
SARRAMEA, F., PASCAU, J. & DESCO, M. 2005. Increase in gray matter 
and decrease in white matter volumes in the cortex during treatment with 
atypical neuroleptics in schizophrenia. Schizophr Res, 80, 61-71. 

MOLL, J., MARKUSSE, H., PIJENBURG, J. & AL, E. 1993. Antineuronal 
antibodies in patients with neurologic complications of primary Sjogren's 
syndrome. Neurology, 43, 2574-2581. 

MOLLER, H. 2003. Bipolar disorder and schizophrenia: distinct illnesses or a 
continuum? J Clin Psychiatry, 64, S23-27. 

MONKUL, E., MATSUO, K., NICOLETTI, M., DIERSCHKE, N., HATCH, J., 
DALWANI, M., BRAMBILLA, P., CAETANO, S., SASSI, R., 
MALLINGER, A. & SOARES, J. 2007. Prefrontal gray matter increases in 
healthy individuals after lithium treatment: a voxel-based morphometry study. 
Neurosci Lett, 429, 7-11. 



 352 

MOORHEAD, W., MCKIRDY, J., SUSSMANN, J., HALL, J., LAWRIE, S., 
JOHNSTONE, E. & MCINTOSH, A. 2007. Progressive gray matter loss in 
patients with bipolar disorder. Biol Psychiatry, 62, 894-900. 

MOREL, B. 1860. Traité des maladies mentales, Paris. 
MOREL, B. 1976. Traite Des Degenerescences Physiques, Intellectuelles Et Morales 

De L'Espece Humaine., Ayer Co Publishing. 
MORELL, P. & NORTON, W. 1980. Myelin. Sci Am, 242, 88-118. 
MORI, T., OHNISHI, T., HASHIMOTO, R., NEMOTO, K., MORIGUCHI, Y., 

NOGUCHI, H., NAKABAYASHI, T., HORI, H., HARADA, S., SAITOH, 
O., MATSUDA, H. & KUNUGI, H. 2007. Progressive changes of white 
matter integrity in schizophrenia revealed by diffusion tensor imaging. 
Psychiatry Res, 154, 133-45. 

MORRIS, J., EDLAND, S., CLARK, C. & AL, E. 1993. The consortium to establish 
a registry for Alzheimer's disease (CERAD). Part IV: rates of cognitive 
change in the logitudinal assessment of probable Alzheimer's disease. 
Neurology, 43, 2457-2465. 

MORRISON, A., FRENCH, P., WALFORD, L., LEWIS, S., KILCOMMONS, A., 
GREEN, J., PARKER, S. & BENTALL, R. 2004. Cognitive therapy for the 
prevention of psychosis in people at ultra-high risk: randomised controlled 
trial. Br J Psychiatry, 185, 291-297. 

MOSELEY, M., WENDLAND, M. & KUCHARCZYK, J. 1991. Magnetic resonance 
imaging of diffusion and perfusion. Top Magn Res Imaging, 3, 50-67. 

MOSER, H. 1997. Adrenoleukodystrophy: phenotype, genetics, pathogenesis and 
therapy. Brain, 120, 1485-1508. 

MRAZEK, P. & HAGGERTY, R. 1994. Reducing Risks for Mental Disorders: 
Frontiers for Preventive Intervention Research., Washington DC, National 
Academy Press. 

MUNN, N. 2000. Microglia dysfunction in schizophrenia: an integrative theory. Med 
Hypotheses, 54, 198-202. 

MUNOZ MANIEGA, S., LYMER, G. K., BASTIN, M. E., MARJORAM, D., JOB, 
D. E., MOORHEAD, T. W., OWENS, D. G., JOHNSTONE, E. C., 
MCINTOSH, A. M. & LAWRIE, S. M. 2008. A diffusion tensor MRI study 
of white matter integrity in subjects at high genetic risk of schizophrenia. 
Schizophr Res, 106, 132-9. 

MURPHY, F., SAINI, N., SCHWANKHAUS, J. & AL, E. 1990. Alexander's disease 
and dementia. Neurology, 40, 456. 

MURPHY, K. C. 2002. Schizophrenia and velo-cardio-facial syndrome. Lancet, 359, 
426-30. 

MURRAY, C. & LOPEZ, A. 1996. The global burden of disease: a comprehensive 
assessment of mortality and disability from diseases, injuries and risk factors 
in 1990 and projected to 2020. , Cambridge, Massachusetts, Harvard Public 
Health. 

MURRAY, R., SHAM, P., VAN OS, J., ZANELLI, J., CANNON, M. & 
MCDONALD, C. 2004a. A developmental model for similarities and 
dissimilarities between schizophrenia and bipolar disorder. Schizophr Res, 71, 
405-416. 

MURRAY, R., SHAM, P., VAN OS, J., ZANELLI, J., CANNON, M. & 
MCDONALD, C. 2004b. A developmental model for similarities and 
dissimilarities between schizophrenia and bipolar disorder. Schizophrenia 
Research, 71, 405-416. 



 353 

MURRAY, R. M. & VAN OS, J. 1998. Predictors of outcome in schizophrenia. J 
Clin Psychopharmacol, 18, 2S-4S. 

MYERS, J. J. & SPERRY, R. W. 1985. Interhemispheric communication after section 
of the forebrain commissures. Cortex, 21, 249-60. 

MYERS, R. & SPERRY, R. 1953. Interocular transfer of a visual form discrimination 
habit in cats after section of the optic chiasma and the corpus callosum. Anat 
Res, 115, 351-352. 

MYIN-GERMEYS, I., VAN OS, J., SCHWARTZ, J. E., STONE, A. A. & 
DELESPAUL, P. A. 2001. Emotional reactivity to daily life stress in 
psychosis. Arch Gen Psychiatry, 58, 1137-44. 

MYRIANTHOPOLOUS, N. 1987. Epidemiology of CNS malformations. In: 
MYRIANTHOPOLOUS, N. (ed.) Handbook of Clinical Neurology. 
Amsterdam: Elsevier. 

NAGUIB, M. & LEVY, R. 1987. Late paraphrenia: neuropsychological impairment 
and sructural brain abnormalities on computed tomography. Int J Geriatr 
Psychiatry, 2, 83-90. 

NAKAMURA, M., SALISBURY, D., HIRAYASU, Y., BIOUIX, S., POHL, K., 
YOSHIDA, T., KOO, M., SHENTON, M. & MCCARLEY, R. 2007. 
Neocortical gray matter volume in first-episode schizophrenia and first-
episode affective psychosis: a cross-sectional and longitudinal MRI study. 
Biological Psychiatry, 62, 773-783. 

NAMEKAWA, M., TAKIYAMA, Y., AOKI, Y. & AL, E. 2002. Identification of 
GFAP gene mutation in hereditary adult-onset Alexander's disease. Ann 
Neurol, 52, 779-785. 

NARR, K. L., CANNON, T. D., WOODS, R. P., THOMPSON, P. M., KIM, S., 
ASUNCTION, D., VAN ERP, T. G., POUTANEN, V. P., HUTTUNEN, M., 
LONNQVIST, J., STANDERKSJOLD-NORDENSTAM, C. G., KAPRIO, J., 
MAZZIOTTA, J. C. & TOGA, A. W. 2002. Genetic contributions to altered 
callosal morphology in schizophrenia. J Neurosci, 22, 3720-9. 

NARR, K. L., THOMPSON, P. M., SHARMA, T., MOUSSAI, J., CANNESTRA, A. 
F. & TOGA, A. W. 2000. Mapping morphology of the corpus callosum in 
schizophrenia. Cereb Cortex, 10, 40-9. 

NASRALLAH, H., ANDREASEN, N., COFFMAN, J., OLSON, S., DUNN, V., 
ERHARDT, J. & CHAPMAN, S. 1986. A controlled magnetic resonance 
imaging study of corpus callosum thickness in schizophrenia. Biol Psychiatry, 
21, 274-282. 

NASRALLAH, H., MCCALLEY-WHITTERS, M., BIGELOW, L. & RAUSCHER, 
F. 1983a. A histological study of the corpus callosum in established 
schizophrenia. Psychiatr Res, 8, 251-260. 

NASRALLAH, H., MCCALLEY-WHITTERS, M., BIGELOW, L. & RAUSCHER, 
F. 1983b. A histological study of the corpus callosum in established 
schizophrenia. Psychiatry Res, 8, 251-260. 

NAVARRO, A., TOLIVIA, J., ASTUDILO, A. & DE VALLE, E. 1998. Pattern of 
apolipoprotein D immunoreactivity in the human brain. Neurosci Lett, 254, 
17-20. 

NELSON, H. & WILLISON, J. 1991. The Revised National Adult Reading Test: Test 
Manual., Windsow, NFER. 

NESTOR, P., KUBICKI, M., GURRERA, R., NIZNIKIEWICZ, M., FRUMIN, M., 
MCCARLEY, R. & SHENTON, M. 2004a. Neuropsychological correlates of 
diffusion tensor imaging in schizophrenia. Neuropsychology, 18, 629-637. 



 354 

NESTOR, P. G., KUBICKI, M., GURRERA, R. J., NIZNIKIEWICZ, M., FRUMIN, 
M., MCCARLEY, R. W. & SHENTON, M. E. 2004b. Neuropsychological 
correlates of diffusion tensor imaging in schizophrenia. Neuropsychology, 18, 
629-37. 

NESVAG, R., FRIGESSI, A., JONSSON, E. G. & AGARTZ, I. 2007. Effects of 
alcohol consumption and antipsychotic medication on brain morphology in 
schizophrenia. Schizophr Res, 90, 52-61. 

NICHOLS, T. & HOLMES, A. 2002. Nonparametric permutation tests for functional 
neuroimaging: a primer with examples. Hum Brain Mapp, 15, 1-25. 

NIEUWENHUYS, R., VOOGD, J. & VAN HUIJZEN, C. 1988. The Human Central 
Nervous System., Berlin, Springer-Verlag. 

NIIZATO, K., GENDA, K., NAKAMURA, R. & AL, E. 2001. Cognitive decline in 
schizophrenics with Alzheimer's disease: a mini-review of neuropsychological 
and neuropathological studies. Prog Neuropsychopharmacol Biol Psychiatry, 
25, 1359-1366. 

NIKOKIKTJIEN, C. 1991. Absence of the corpus callosum: clinicopathological 
correlations. In: NJIOKIKTJIEN, C. & RAMAEKERS, G. (eds.) Paediatric 
Behavioural Neurology. Amsterdam: Suyi Publications. 

NIOGI, S. N., MUKHERJEE, P. & MCCANDLISS, B. D. 2007. Diffusion tensor 
imaging segmentation of white matter structures using a Reproducible 
Objective Quantification Scheme (ROQS). Neuroimage, 35, 166-74. 

NJIOKIKTJIEN, C. 1991. Absence of the corpus callosum: clinicopathological 
correlations. In: NJIOKIKTJIEN, C. & RAMAEKERS, G. (eds.) Paediatric 
Behavioural Neurology. Amsterdam: Suyi Publications. 

NOLTE, N. 1999. The Human Brain., St Louis, Mosby. 
NOVAK, G., KIM, D., SEEMAN, P. & TALLERICO, T. 2002. Schizophrenia and 

Nogo: elevated mRNA in cortex, and high prevalence of a homozygous CAA 
insert. Mol Brain Res, 107, 183-189. 

NOVAK, G. & TALLERICO, T. 2006. Nogo A, B and C expression in 
schizophrenia, depression and bipolar frontal cortex, and correlation of Nogo 
expression with CAA/TATC polymorphism in 3'-UTR. Brain Res, 1120, 161-
71. 

NUGENT, A., MILHAM, M., BAIN, E., MAH, L., CANNON, D., MARRETT, S., 
ZARATE, C., PINE, D., PRICE, J. & DREVETS, W. 2006. Cortical 
abnormalities in bipolar disorder investigated with MRI and voxel-based 
morphometry. Neuroimage, 30, 485-497. 

O'DALY, O. G., FRANGOU, S., CHITNIS, X. & SHERGILL, S. S. 2007. Brain 
structural changes in schizophrenia patients with persistent hallucinations. 
Psychiatry Res, 156, 15-21. 

O'KUSKY, J. & COLONNIER, M. 1982. Postnatal changes in the number of 
astrocytes, oligodendrocytes, and microglia in the visual cortex (area 17) of 
the macaque monkey: a stereological analysis in normal and monocularly 
deprived animals. J Comp Neurol, 210, 307-15. 

O'KUSKY, J., STRAUSS, E., KOSAKA, B., WADA, J., LI, D., DRUHAN, M. & 
PETRIE, J. 1988. The corpus callosum is larger with right-hemisphere 
cerebral speech dominance. Ann Neurol, 24, 379-83. 

O'NEILL, J., LEVITT, J., CAPLAN, R., ASARNOW, R., MCCRACKEN, J., TOGA, 
A. & ALGER, J. 2004. 1H MRSI evidence of metabolic abnormalities in 
childhood-onset schizophrenia. Neuroimage, 21, 1781-1789. 

OKUBO, Y., SUHARA, T., SUZUKI, K., KOBAYASHI, K., INOUE, O., 



 355 

TERASAKI, O., SOMEYA, Y., SASSA, T., SUDO, Y., MATSUSHIMA, E., 
IYO, M., TATENO, Y. & TORU, M. 1997. Decreased prefrontal dopamine 
D1 receptors in schizophrenia revealed by PET. Nature, 385, 634-6. 

OKUGAWA, G., NOBUHARA, K., MINAMI, T., TAKASE, K., SUGIMOTO, T., 
SAITO, Y., YOSHIMURA, M. & KINOSHITA, T. 2006. Neural 
disorganization in the superior cerebellar peduncle and cognitive abnormality 
in patients with schizophrenia: A diffusion tensor imaging study. Prog 
Neuropsychopharmacol Biol Psychiatry, 30, 1408-12. 

OKUGAWA, G., NOBUHARA, K., MINAMI, T., TAMAGAKI, C., TAKASE, K., 
SUGIMOTO, T., SAWADA, S. & KONOSHITA, T. 2004. Subtle disruption 
of the middle cerebellar peduncles in patients with schizophrenia. 
Neuropsychobiol, 50, 119-123. 

OKUGAWA, G., NOBUHARA, K., SUGIMOTO, T. & KINOSHITA, T. 2005. 
Diffusion tensor imaging study of the middle cerebellar peduncle in patients 
with schizophrenia. Cerebellum, 4, 123-127. 

OKUGAWA, G., SEDVALLO, G. & AGARTZ, I. 2002. Reduced grey and white 
matter volumes in the temporal lobe of male patients with established 
schizophrenia. Eur Arch Psychiatry Clin Neurosci, 252, 120-123. 

OLDFIELD, R. 1971. The assessment and analysis of handedness: the Edinburgh 
inventory. Neuropsychologia, 9, 97-113. 

ONG, W., KUMAR, U., SWITZER, R., SIDHU, A., SURESH, G., HU, C. & 
PATEL, S. 2001. Neurodegeneration in Niemann-Pick type C disease mice. 
Exp Brain Res, 141, 218-231. 

ONG, W., LAU, C., LEONG, S. & AL, E. 1999. Apolipoprotein D gene expression in 
the rat brain and light and electron microscopic immunocytochemistry of 
apolipoprotein D expression in the cerebellum of neonatal, immature adult 
rats. Neurosci, 90, 913-922. 

ORGANIZATION, W. H. 1992. The ICD-10 Classification of Mental and 
Behavioural Disorders: Clinical Descriptions and Diagnostic Guidelines., 
Geneva, World Health Organization. 

ORGANIZATION., W. H. 1992. The ICD-10 Classification of Mental and 
Behavioural Disorders: Clinical Descriptions and Diagnostic Guidelines., 
Geneva, World Health Organization. 

ORLOVSKAYA, D., DENISOV, D. & URANOVA, N. 1997. The ultrastructural 
pathology of myelinated fibers and oligodendroglial cells in autopsied caudate 
nucleus of schizophrenics. Schizophr Res, 24, 39-40. 

ORLOVSKAYA, D., VIKHREVA, O., ZIMINA, I., DENISOV, D. & URANOVA, 
N. 1999. Ultrastructural dystrophic changes of oligodendroglial cells in 
autopsied prefrontal cortex and striatum in schizophrenia: a morphometric 
study. Schizophr Res, 36, 82-83. 

ORLOVSKAYA, D., VOSTRIKOV, V., RACHMANOVA, V. & URANOVA, N. 
2000. Decreased numerical density of oligodendroglial cells in post-mortem 
prefrontal cortex in schizophrenia, bipolar affective  disorder, and major 
depression (abstr). Schizophr Res, 41, 105-106. 

OTSU, N. 1979. A threshold selection method from gray level histograms. IEEE 
Trans SMC, 9, 62-66. 

OVERALL, J. & GORHAM, D. 1962. The brief psychiatric rating scale. Psychol 
Rep, 10, 799-812. 

OWEN, R., OWEN, F., POULTER, M. & CROW, T. J. 1984. Dopamine D2 
receptors in substantia nigra in schizophrenia. Brain Res, 299, 152-4. 



 356 

PAEZ, P., MARTA, C., MORENO, M., SOTO, E. & PASQUINI, J. 2002. 
Apotransferrin decreases migration and enhances differentiation of 
oligodendroglial progenitor cells in an in-vitro system. Dev Neurosci, 24, 47-
58. 

PAGSBERG, A. K., BAARE, W. F., RAABJERG CHRISTENSEN, A. M., 
FAGERLUND, B., HANSEN, M. B., LABIANCA, J., KRABBE, K., 
AARKROG, T., PAULSON, O. B. & HEMMINGSEN, R. P. 2007. Structural 
brain abnormalities in early onset first-episode psychosis. J Neural Transm, 
114, 489-98. 

PAILLERE-MARTINOT, M., CACLIN, A., ARTIGES, E., POLINE, J., JOLIOT, 
M., MALLET, L., RECASENS, C., ATTAR-LEVY, D. & MARTINOT, J. 
2001. Cerebral gray and white matter reductions  and clinical correlates in 
patients with early onset schizophrenia. Schizophr Res, 50, 19-26. 

PAKKENBERG, B. 1993. Total nerve cell number in neocortex in established 
schizophrenia and controls estimated using optical dissectors. Biol Psychiatry, 
34, 768-772. 

PALMERI, S., BATTISTI, C., FEDERICO, A. & GUAZZI, G. 1994. Hypoplasia of 
the corpus callosum in Niemann-Pick type C disease. Neuroradiology, 36, 20-
22. 

PALONEVA, J., AUTTI, T., RAININKO, R. & AL, E. 2001. CNS manifestations of 
Nasu-Hakola disease: a frontal dementia with bone cysts. Neurology, 56, 
1552-1558. 

PALONEVA, J., KESTILA, M., WU, J. & AL, E. 2000. Loss-of-function mutations 
in TYROBP (DAP12) result in a presenile dementia with bone cysts. Nat 
Genet, 25, 357-361. 

PANDYA, D. & ROSENE, D. 1985. Some Observations on the Trajectories and 
Topography of Commissral Fibers. In: REEVES, A. (ed.) Epilepsy and the 
Corpus Callosum. 1st Edition ed. New York: Plenum Publishing Corporation. 

PANDYA, D. & SELTZER, B. 1986a. The topography of commisural fibers. In: 
LEPORE, F., PITTO, M. & JASPER, H. (eds.) Two Hemispheres, One Brain. 
Functions of the Human Corpus Callosum. New York: Alan R Liss. 

PANDYA, D. & SELTZER, B. 1986b. The topography of commisural fibers. In: 
LEPORE, F., PTITO, M. & JASPER, H. (eds.) Two Hemispheres - One 
Brain: Functions of the Corpus Callosum. New York: Alan R Liss Inc. 

PANIZZON, M., HOFF, A., NORDAHL, T., KREMEN, W., REISMAN, B., 
WIENEKE, M., HARRIS, D., GOODMAN, C., ESPINOZA, S., LIU, W. & 
LIM, K. 2003. Sex differences in the corpus callosum of patients with 
schizophrenia. Schizophr Res, 62, 115-122. 

PANTELIS, C., BARNES, T. & NELSON, H. 1992. Is the concept of frontal-
subcortical dementia relevant to schizophrenia? Br J Psychiatry, 160, 442-
460. 

PANTELIS, C., BARNES, T., NELSON, H. & AL, E. 1997. Frontal-striatal cognitive 
deficits in patients with established schizophrenia. Brain, 120, 1823-1843. 

PANTELIS, C., VELAKOULIS, D., MCGORRY, P. & AL, E. 2003a. 
Neuroanatomical abnormalities before and after onset of psychosis: a cross-
sectional and longitudinal MRI comparison. The Lancet, 361, 281-288. 

PANTELIS, C., VELAKOULIS, D., MCGORRY, P. & AL, E. 2003b. 
Neuroanatomical abnormalities before and after onset of psychosis: a cross-
sectional and longitudinal MRI comparison. Lancet, 361, 281-288. 

PANTELIS, C., VELAKOULIS, D., WOOD, S., YUCEL, M., YUNG, A., 



 357 

PHILLIPS, L., SUN, D. & MCGORRY, P. 2007. Neuroimaging and emerging 
psychotic disorders: the Melbourne ultra-high risk studies. Int Rev Psychiatry, 
19, 371-379. 

PANTELIS, C., WALTERFANG, M., VELAKOULIS, D., BULLMORE, E., 
MCGORRY, P., PHILLIPS, L., YUNG, A., WOOD, S., SUCKLING, J., 
BREWER, W., SOULSBY, B. & MCGUIRE, P. Year. White matter volume 
changes in people who develop psychosis. In:  Collegium Internationale 
Neuro-Psychopharmacologicum 25th Congress, June 2004 2004 Paris, France. 

PANTELIS, C., YUCEL, M., WOOD, S., BREWER, W., FORNITO, A., BERGER, 
G., CANNON, T. & VELAKOULIS, D. 2008. Neurobiological 
endophenotypes of psychosis and schizophrenia: are there biological markers 
of illness onset? In: JACKSON, H. & MCGORRY, P. (eds.) Recognition and 
Management of Early Psychosis: a Preventive Approach. Cambridge: 
Cambridge University Press. 

PANTELIS, C., YUCEL, M., WOOD, S., MCGORRY, P. & VELAKOULIS, D. 
2003c. Early and late neurodevelopmental disturbances in schizophrenia and 
their functional consequences. Aust NZ J Psychiatry, 37, 399-406. 

PANTELIS, C., YUCEL, M., WOOD, S., VELAKOULIS, D., SUN, D., BERGER, 
G., STUART, G., YUNG, A., PHILLIPS, L. & MCGORRY, P. 2005. 
Structural brain imaging evidence for multiple pathological processes at 
different stages of brain development in schizophrenia. Schizophr Bull, 31, 
672-696. 

PAPARRIGOPOULOS, T., FERENTINOS, P., KOUZOUPIS, A., KOUTSIS, G. & 
PAPADIMITRIOU, G. N. 2010. The neuropsychiatry of multiple sclerosis: 
focus on disorders of mood, affect and behaviour. Int Rev Psychiatry, 22, 14-
21. 

PARASHOS, I., TYPLER, L., BLITCHINGTON, T. & KRISHNAN, K. 1998. 
Magnetic resonance morphometry in patients with major depression. 
Psychiatry Res, 84, 7-15. 

PAREKH, D., ANKERST, D., HIGGINS, B., HERNANDEZ, J., CANBY-HAGINO, 
E., BRAND, T., TROYER, D., LEACH, R. & THOMPSON, I. 2006. xternal 
validation of the Prostate Cancer Prevention Trial risk calculator in a screened 
population. Urology, 68, 1152-1155. 

PARK, H., WESTIN, C., KUBICKI, M., MAIER, M., NIZNIKIEWICZ, M., BAER, 
A., FRUMIN, M., KIKINIS, R., JOLESZ, F., MCCARLEY, R. & 
SHENTON, M. 2004. White matter hemisphere asymmetries in healthy 
subjects and in schizophrenia: a diffusion tensor MRI study. Neuroimage, 23, 
213-223. 

PARKER, N. 1956. Disseminated sclerosis presenting as schizophrenia. Med J Aust, 
1, 405-407. 

PARLAPANI, E., SCHMITT, A., ERDMANN, A., BERNSTEIN, H. G., BREUNIG, 
B., GRUBER, O., PETROIANU, G., VON WILMSDORFF, M., 
SCHNEIDER-AXMANN, T., HONER, W. & FALKAI, P. 2009. Association 
between myelin basic protein expression and left entorhinal cortex pre-alpha 
cell layer disorganization in schizophrenia. Brain Res, 1301, 126-34. 

PATEL, P., KOLAWALE, T., MALABAREY, T. & AL, E. 1995. 
Adrenoleukodystrophy: CT and MRI findings. Pediatr Radiol, 25, 256-258. 

PAUL, L. K., BROWN, W. S., ADOLPHS, R., TYSZKA, J. M., RICHARDS, L. J., 
MUKHERJEE, P. & SHERR, E. H. 2007. Agenesis of the corpus callosum: 
genetic, developmental and functional aspects of connectivity. Nat Rev 



 358 

Neurosci, 8, 287-99. 
PAUL, R., HENRY, L., GRIEVE, S., GUILMETTE, T., NIAURA, R., BRYANT, R., 

BRUCE, S., WILLIAMS, L., RICHARD, C., COHEN, R. & GORDON, E. 
2009. The relationship between early life stress and microstructural integrity 
of the corpus callosum in a non-clinical population. Neuropsychiatr Dis Treat, 
4, 193-201. 

PAULSON, L., MARTIN, P., PERSSON, A. & AL, E. 2003. Comparative genome- 
and proteome analysis of cerebral cortex from MK-801-treated rats. J 
Neurosci Res, 15, 526-533. 

PAUS, T. 2005. Mapping brain maturation and cognitive development during 
adolescence. Trends Cogn Sci, 9, 60-8. 

PAUS, T., COLLINS, D., EVANS, A. & AL, E. 2001. Maturation of white matter in 
the human brain: a review of magnetic resonance studies. Brain Res Bull, 54, 
255-266. 

PAUS, T., ZIJDENBOS, A., WORSLEY, K., COLLINS, D., BLUMENTHAL, J., 
GIEDD, J., RAPOPORT, J. & EVANS, A. 1999. Structural maturation of 
neural pathways in children and adolescents: an in-vivo study. Science, 283, 
1908-1911. 

PEARLSON, G. 1997. Superior temporal gyrus and planum temporale in 
schizophrenia: a selective review. Prog Neuropsychopharmacol Biol 
Psychiatry, 21, 1203-1229. 

PEARLSON, G. & MARSH, L. 1999. Structural brain imaging in schizophrenia: a 
selective review. Biol Psychiatry, 46, 627-649. 

PEKKARINEN, P., HOVATTA, I., HAKOLA, P. & AL, E. 1998. Assignment of the 
locus for PLO-SL, a frontal lobe dementia with bone cysts, to 19q13. Am J 
Hum Genet, 62, 362-372. 

PELL, G., BRIELLMAN, R., WAITES, A., ABBOTT, D. & JACKSON, G. 2004. 
Voxel-based relaxometry: a new approach for analysis of T2 relaxometry 
changes in epilepsy. Neuroimage, 21, 707-713. 

PENTCHEV , P., VANIER, M., SUZUKI, K. & PATTERSON, M. 1995. Niemann-
Pick Disease Type C: a Cellular Cholesterol Lipidosis. In: SCRIVER, C., 
BEAUDET, A., SLY, W. & VALLE, D. (eds.) The Metabolic and Molecular 
Bases of Inherited Disease. 7th Edition ed. New York: McGraw Hill 
Publisher. 

PEREIRA, R., YOSHINARI, N. & DE OLIVEIRA, R., W 1992. Antiganglioside 
antibodies in patients with neuropsychiatric systemic lupus erythematosus. 
Lupus, 1, 173-179. 

PEREZ-IGLESIAS, R., TORDESILLAS-GUTIERREZ, D., BARKER, G. J., 
MCGUIRE, P. K., ROIZ-SANTIANEZ, R., MATA, I., DE LUCAS, E. M., 
QUINTANA, F., VAZQUEZ-BARQUERO, J. L. & CRESPO-FACORRO, B. 
2010a. White matter defects in first episode psychosis patients: a voxelwise 
analysis of diffusion tensor imaging. Neuroimage, 49, 199-204. 

PEREZ-IGLESIAS, R., TORDESILLAS-GUTIERREZ, D., MCGUIRE, P. K., 
BARKER, G. J., ROIZ-SANTIANEZ, R., MATA, I., DE LUCAS, E. M., 
RODRIGUEZ-SANCHEZ, J. M., AYESA-ARRIOLA, R., VAZQUEZ-
BARQUERO, J. L. & CRESPO-FACORRO, B. 2010b. White matter integrity 
and cognitive impairment in first-episode psychosis. Am J Psychiatry, 167, 
451-8. 

PERSAUD, D., RUSOW, H., HARVEY, I., LEWIS, S., RON, M., MURRAY, R. & 
DU BOULAY, G. 1997. Focal signal hyperintensities in schizophrenia. 



 359 

Schizophr Res, 27, 55-64. 
PETERS, B. D., DE HAAN, L., DEKKER, N., BLAAS, J., BECKER, H. E., 

DINGEMANS, P. M., AKKERMAN, E. M., MAJOIE, C. B., VAN 
AMELSVOORT, T., DEN HEETEN, G. J. & LINSZEN, D. H. 2008. White 
matter fibertracking in first-episode schizophrenia, schizoaffective patients 
and subjects at ultra-high risk of psychosis. Neuropsychobiology, 58, 19-28. 

PETERS, B. D., DINGEMANS, P. M., DEKKER, N., BLAAS, J., AKKERMAN, E., 
VAN AMELSVOORT, T. A., MAJOIE, C. B., DEN HEETEN, G. J., 
LINSZEN, D. H. & DE HAAN, L. 2010. White matter connectivity and 
psychosis in ultra-high-risk subjects: a diffusion tensor fiber tracking study. 
Psychiatry Res, 181, 44-50. 

PETERS, M., OELTZE, S., SEMINOWICZ, D., STEINMETZ, H., KOENEKE, S. & 
JANCKE, L. 2002. Division of the corpus callosum into subregions. Brain 
Cogn, 50, 62-72. 

PETERSON, B. S., FEINEIGLE, P. A., STAIB, L. H. & GORE, J. C. 2001. 
Automated measurement of latent morphological features in the human corpus 
callosum. Hum Brain Mapp, 12, 232-45. 

PFEFFERBAUM, A., MATHALON, D., SULLIVAN, E. & AL, E. 1994. A 
quantitative magnetic resonance imaging study of changes in brain 
morphology from infancy to late adulthood. Arch Neurol, 51, 874-887. 

PFEFFERBAUM, A., SULLIVAN, E., HEDEHUS, M. & AL, E. 2000. Age-related 
decline in brain white matter anisotropy measured with spatially corrected 
echo planar diffusion tensor imaging. Magn Res Med, 44, 259-268. 

PFEFFERBAUM, A., SULLIVAN, E., HEDEHUS, M., MOSELEY, M. & LIM, K. 
1999. Brain gray and white matter transverse relaxation time in schizophrenia. 
Psychiatry Res Neuroimaging, 91, 93-100. 

PHILLIPS, M., DREVETS, W., RAUCH, S. & LANE, R. 2003. Neurobiology of 
emotion perception II: implications for major psychiatric disorders. Biol 
Psychiatry, 54, 515-528. 

PICK, A. 1891. Ueber primare chronische Demenz im jugendlichen Alter. Prager 
medicinische Wochenschrift, 16, 312-315. 

PIERCE, J. & LEWIN, G. 1994. The ultrastructural size principle. Neurosci, 58, 441-
446. 

PIETZ, J. 1998. Neurological aspects of adult phenylketonuria. Curr Opin Neurobiol, 
11, 679-688. 

PIETZ, J., FATKENHEUER, B., BURGARD, P. & AL, E. 1997. Psychiatric 
disorders in adult patients with early-treated phenylketonuria. Pediatrics, 99, 
345-350. 

PIZZAGALLI, D., OAKES, T., FOX, A., CHUNG, M., LARSON, C., 
ABERCROMBIE, H., SCHAEFER, S., BENCA, R. & DAVIDSON, R. 2004. 
Functional but not structural subgenual prefrontal cortex abnormalities in 
melancholia. Mol Psychiatry, 9, 393-405. 

PODUSLO, S., MILLER, K. & PAK, C. 1990. Induction of cerebroside synthesis in 
oligodendroglia. Neurochem Res, 15, 739-742. 

POMAROL-CLOTET, E., CANALES-RODRIGUEZ, E. J., SALVADOR, R., 
SARRO, S., GOMAR, J. J., VILA, F., ORTIZ-GIL, J., ITURRIA-MEDINA, 
Y., CAPDEVILA, A. & MCKENNA, P. J. 2010a. Medial prefrontal cortex 
pathology in schizophrenia as revealed by convergent findings from 
multimodal imaging. Mol Psychiatry. 

POMAROL-CLOTET, E., SALVADOR, R., MURRAY, G., TANDON, S. & 



 360 

MCKENNA, P. J. 2010b. Are there valid subtypes of schizophrenia? A grade 
of membership analysis. Psychopathology, 43, 53-62. 

PONCE, P., ALVAREZ-SANTULLANO, M., OTERMIN, E. & AL, E. 1998. 
Gliomatosis cerebri: findings with computed tomography and magnetic 
resonance imaging. Eur J Radiol, 28, 226-229. 

POTASH, J. 2006. Carving chaos: genetics and the classification of mood and 
psychotic syndromes. Harvard Review of Psychiatry, 14, 47-63. 

POTKIN, S. G., ALVA, G., FLEMING, K., ANAND, R., KEATOR, D., CARREON, 
D., DOO, M., JIN, Y., WU, J. C. & FALLON, J. H. 2002. A PET study of the 
pathophysiology of negative symptoms in schizophrenia. Positron emission 
tomography. Am J Psychiatry, 159, 227-37. 

POTTER, G., BLACKWELL, A., MCQUOID, D., PAYME, M., STEFFENS, D., 
SAHAKIAN, B., WELSH-BOHMER, K. & KRISHNAN, K. 2007. Prefrontal 
white matter lesions and prefrontal task impersistence in depressed and 
nondepressed elders. Neuropsychopharmacology, 32, 2135-2142. 

PRABAKARAN, S., SWATTON, J., RYAN, M., HUFFAKER, S., HUANG, J., 
GRIFFIN, J., WAYLAND, M., FREEMAN, T., DUDBRIDGE, F., LILLEY, 
K., KARP, N., HESTER, S., TKACHEV, D., MIMMACK, M., YOLKEN, R., 
WEBSTER, M., TORREY, E. & BAHN, S. 2004. Mitochondrial dysfunction 
in schizophrenia: evidence for compromised brain metabolism and oxidative 
stress. Mol Psychiatry, 9, 684-697. 

PRASAD, K. M., SAHNI, S. D., ROHM, B. R. & KESHAVAN, M. S. 2005. 
Dorsolateral prefrontal cortex morphology and short-term outcome in first-
episode schizophrenia. Psychiatry Res, 140, 147-55. 

PRAYER, D., ROBERTS, T., BARKOVICH, A., PRAYER, L., KUCHARCZYK, J., 
MOSELEY, M. & ARIEFF, A. 1997. Diffusion-weighted MRI of myelination 
in the rat brain following treatment with gonadal hormones. Neuroradiol, 39, 
320-325. 

PRICE, G., BAGARY, M., CERCIGNANI, M., ALTMANN, D. & RON, M. 2005a. 
The corpus callosum in first episode schizophrenia: a diffusion tensor imaging 
study. J Neurol Neurosurg Psychiatry, 76, 585-587. 

PRICE, G., BAGARY, M., CERCIGNANI, M., ALTMANN, D. & RON, M. 2005b. 
The corpus callosum in first episode schizophrenia: a diffusion tensor imaging 
study. J Neurol Neurosurg Psychiatr, 76. 

PRICE, G., CERCIGNANI, M., BAGARY, M. S., BARNES, T. R., BARKER, G. J., 
JOYCE, E. M. & RON, M. A. 2006. A volumetric MRI and magnetization 
transfer imaging follow-up study of patients with first-episode schizophrenia. 
Schizophr Res, 87, 100-8. 

PRICE, G., CERCIGNANI, M., CHU, E. M., BARNES, T. R., BARKER, G. J., 
JOYCE, E. M. & RON, M. A. 2010. Brain pathology in first-episode 
psychosis: magnetization transfer imaging provides additional information to 
MRI measurements of volume loss. Neuroimage, 49, 185-92. 

PRICE, G., CERCIGNANI, M., PARKER, G., ALTMANN, D., BARNES, T., 
BARKER, G., JOYCE, E. & RON, M. 2007. Abnormal brain connectivity in 
first-episode psychosis: a diffusion MRI tractography study of the corpus 
callosum. Neuroimage, 35, 458-46. 

PRIMICH, G., HILARIO, M., LEN, C. & AL, E. 2002. Use of single photon emission 
computed tomograhy and magnetic resonance to evaluate central nervous 
system involvement in patients with juvenile systemic lupus erythematosus. 
Braz J Med Biol Res, 35, 805-810. 



 361 

PUJOL, J., VENDRELL, P., JUNQUE, C., MARTI-VILALTA, J. & CAPDEVILA, 
A. 1993. When does human brain development end? Evidence of corpus 
callosum growth up to adulthood. Ann Neurol, 34, 71-75. 

PULVER, A., NESTADT, G. & GOLDBERT, R. 1994. Psychotic illness in patients 
diagnosed with velocardiofacial syndrome and their relatives. J Nerv Ment 
Dis, 182, 476-478. 

QIN, W., GAO, J., XING, Q., YANG, J., QIAN, X., LI, X., GUO, Z., CHEN, H., 
WANG, L., HUANG, X., GU, N., FENG, G. & HE, L. 2005. A family-based 
association study of PLP1 and schizophrenia. Neurosci Lett, 375, 207-210. 

RABIOS, P., PEARLSON, G., JAYARAM, G., STEELE, C. & TUNE, L. 1987. 
Increased ventricle to brain ratio in late-onset schizophrenia. Am J Psychiatry, 
144. 

RAICHLE, M. E., MACLEOD, A. M., SNYDER, A. Z., POWERS, W. J., 
GUSNARD, D. A. & SHULMAN, G. L. 2001. A default mode of brain 
function. Proc Natl Acad Sci U S A, 98, 676-82. 

RAICHLE, M. E. & SNYDER, A. Z. 2007. A default mode of brain function: a brief 
history of an evolving idea. Neuroimage, 37, 1083-90; discussion 1097-9. 

RAJAPAKSE, J. C., GIEDD, J. N., RUMSEY, J. M., VAITUZIS, A. C., 
HAMBURGER, S. D. & RAPOPORT, J. L. 1996. Regional MRI 
measurements of the corpus callosum: a methodological and developmental 
study. Brain Dev, 18, 379-88. 

RAJKOWSKA, G., SELEMON, L. & GOLDMAN-RAKIC, P. 1998. Neuronal and 
glial somal size in the prefrontal cortex: a post-mortem study of schizophrenia 
and Huntington's disease. Am J Psychiatry, 55. 

RAKIC, P. & YAKOVLEV, P. 1968. Development of the corpus callosum and 
cavum septi in man. J Comp Neurol, 26, 100-104. 

RAMANI, S. 1988. Psychosis associated with frontal lobe lesions in Schilder's 
cerebral sclerosis: a case report with CT Evidence. J Clin Psychiatry, 42, 250-
252. 

RAMOS-RIOS, R., BERDULLAS, J., ARAUXO, A. & SANTOS-GARCIA, D. 
2009. Schizophreniform psychosis at onset of adrenoleukodystrophy. CNS 
Spectr, 14, 711-2. 

RAPOPORT, J., ADDINGTON, A., FRANGOU, S. & PSYCH, M. 2005. The 
neurodevelopmental model of schizophrenia: update 2005. Mol Psychiatry, 
10, 434-449. 

RAPS, A., ABRAMOVICH, Y. & ASSAEL, M. 1986. Relation between 
schizophrenic-like psychosis and Sjogren's syndrome (SS). Isr J Psychiatry 
Relat Sci, 23, 321-324. 

RASCHKE, C., SCHMIDT, S., SCHWAB, M. & JIRIKOWSKI, G. 2007. Effects of 
betamethasone treatment on central myelination in fetal sheep: an electron 
microscopical study. Anatomia, Histologia, Embryologia, 37, 95-100. 

RASSART, E., BEDIRIAN, A., DO CARMO, S. & AL, E. 2000. Apolipoprotein D. 
Biochimica et Biophysica Acta, 1482, 185-198. 

RAUCH, R. & JINKINS, J. 1996. Variability of corpus callosal area measurements 
from midsagittal MR images: teffect of subject placement within the scanner. 
Am J Neuroradiol, 17, 27-28. 

RAUSCHKA, H., COLSCH, B., BAUMANN, N., WEVERS, R., SCHMIDBAUER, 
M., KRAMMER, M., TURPIN, J. C., LEFEVRE, M., OLIVIER, C., 
TARDIEU, S., KRIVIT, W., MOSER, H., MOSER, A., GIESELMANN, V., 
ZALC, B., COX, T., REUNER, U., TYLKI-SZYMANSKA, A., ABOUL-



 362 

ENEIN, F., LEGUERN, E., BERNHEIMER, H. & BERGER, J. 2006. Late-
onset metachromatic leukodystrophy: genotype strongly influences phenotype. 
Neurology, 67, 859-63. 

REES, S. & HARDING, R. 1995. Effects of experimentally induced placental 
insufficiency on prenatal brain development. Dev Brain Dysfunct, 8, 152-166. 

REES, S. & INDER, T. 2005. Fetal and neonatal origins of altered brain development. 
Early Hum Dev, 81, 753-761. 

REGENOLD, W., D'AGOSTINO, C., RAMESH, N., NASNAIN, M., ROYS, S. & 
GULLAPALLI, R. 2006. Diffusion-weighted magnetic resonance imaging of 
white matter in bipolar disorder: a pilot study. Bipolar Disord, 8, 188-195. 

REHN, A., VAN DEN BUUSE, M., COPOLOV, D., BRISCOE, T., LAMBERT, G. 
& REES, S. 2004. An animal model of chronic placental insufficiency: 
relevance to neurodevelopmental disorders including schizophrenia. Neurosci, 
129, 381-391. 

REISCHIES, F., BAUM, K., BRAU, H. & AL, E. 1988. Cerebral magnetic resonance 
imaging findings in multiple sclerosis. Relation to disturbance of affect, drive 
and cognition. Arch Neurol, 45. 

REISS, J. P., SAM, D. & SAREEN, J. 2006. Psychosis in multiple sclerosis 
associated with left temporal lobe lesions on serial MRI scans. J Clin 
Neurosci, 13, 282-4. 

RENEGOLD, W., PHARAK, P., MARANO, C., GEARHART, L., VIENS, C. & 
HISLEY, K. 2006. Myelin staining of deep white matter in the dorsolateral 
prefrontal cortex in schizophrenia, bipolar disorder, and unipolar major 
depression. Psychiatry Res, 151, 179-188. 

RENIER, D., ARNAUD, E., CINALLI, G., SEBAG, G., ZERAH, M. & MARCHAC, 
D. 1996. Prognosis for mental function in Apert's syndrome. J Neurosurg, 85, 
66-72. 

RICE, D. & CURRAN, T. 2001. Role of the reelin signaling pathway in central 
nervous system development. Ann Rev Neurosci, 24, 10005-1039. 

RIMON, R., AHOKAS, A., RUUTIANEN, J. & HALONEN, P. 1986. Myelin basic 
protein antibodies in catatonic schizophrenia. J Clin Psychiatry, 47, 26-28. 

ROBINSON, D., WOERNER, M. G., ALVIR, J. M., BILDER, R., GOLDMAN, R., 
GEISLER, S., KOREEN, A., SHEITMAN, B., CHAKOS, M., 
MAYERHOFF, D. & LIEBERMAN, J. A. 1999a. Predictors of relapse 
following response from a first episode of schizophrenia or schizoaffective 
disorder. Arch Gen Psychiatry, 56, 241-7. 

ROBINSON, D. G., WOERNER, M. G., ALVIR, J. M., GEISLER, S., KOREEN, A., 
SHEITMAN, B., CHAKOS, M., MAYERHOFF, D., BILDER, R., 
GOLDMAN, R. & LIEBERMAN, J. A. 1999b. Predictors of treatment 
response from a first episode of schizophrenia or schizoaffective disorder. Am 
J Psychiatry, 156, 544-9. 

ROBINSON, D. G., WOERNER, M. G., MCMENIMAN, M., MENDELOWITZ, A. 
& BILDER, R. M. 2004. Symptomatic and functional recovery from a first 
episode of schizophrenia or schizoaffective disorder. Am J Psychiatry, 161, 
473-9. 

RODGERS, J. & BLAND, R. 1996. Psychiatric manifestations of multiple sclerosis: a 
review. Can J Psychiatr, 41, 441-445. 

RON, M. & LOGSDAIL, S. 1989. Psychiatric morbidity in multiple sclerosis: a 
clinical and MRI study. Psychol Med, 19, 887-895. 

ROSE, S. E., CHALK, J. B., JANKE, A. L., STRUDWICK, M. W., WINDUS, L. C., 



 363 

HANNAH, D. E., MCGRATH, J. J., PANTELIS, C., WOOD, S. J. & 
MOWRY, B. J. 2006. Evidence of altered prefrontal-thalamic circuitry in 
schizophrenia: an optimized diffusion MRI study. Neuroimage, 32, 16-22. 

ROSEBUSH, P., GARSIDE, S., LEVINSON, A. & MAZUREK, M. 1999. The 
neuropsychiatry of adult-onset adrenoleukodystrophy. J Neuropsychiatry Clin 
Neurosci, 11, 315-327. 

ROSEN, G. D., SHERMAN, G. F. & GALABURDA, A. M. 1989. Interhemispheric 
connections differ between symmetrical and asymmetrical brain regions. 
Neuroscience, 33, 525-33. 

ROSENTHAL, R. & BIGELOW, L. 1972. Quantitative brain measurements in 
established schizophrenia. Br J Psychiatry, 121, 259-264. 

ROSIN, C., COLOMBO, S., CALVER, A. A., BATES, T. E. & SKAPER, S. D. 
2005. Dopamine D2 and D3 receptor agonists limit oligodendrocyte injury 
caused by glutamate oxidative stress and oxygen/glucose deprivation. Glia, 
52, 336-43. 

ROSS, S. E., GREENBERG, M. E. & STILES, C. D. 2003. Basic helix-loop-helix 
factors in cortical development. Neuron, 39, 13-25. 

ROTARSKA-JAGIELA, A., SCHONMEYER, R., OERTEL, V., HAENSCHEL, C., 
VOGELEY, K. & LINDEN, D. E. 2008. The corpus callosum in 
schizophrenia-volume and connectivity changes affect specific regions. 
Neuroimage, 39, 1522-32. 

ROWLAND, L. M., SPIEKER, E. A., FRANCIS, A., BARKER, P. B., 
CARPENTER, W. T. & BUCHANAN, R. W. 2009. White matter alterations 
in deficit schizophrenia. Neuropsychopharmacology, 34, 1514-22. 

RUDIN, D. 1979. Covert transport dysfunction in the choroid plexus as a possible 
cause of schizophrenia. Schizophr Bull, 5, 623-626. 

RUGARLI, E. & BALLABIO, A. 1995. Reelin: a novel extracellular matrix protein 
involved in brain lamination. Bioessays, 17, 832-834. 

RUGE, J. R. & NEWLAND, T. S. 1996. Agenesis of the corpus callosum: female 
monozygotic triplets. Case report. J Neurosurg, 85, 152-6. 

RUGGIERI, M., TIGANO, G., MAZZONE, D., TINE, A. & PAVONE, L. 1996. 
Involvement of white matter in hypomelanosis of Ito (incontinentia pigmenti 
achromiens). Neurology, 46, 485-492. 

RUSCH, B., ABERCROMBIE, H., OAKES, T., SCHAEFER, S. & DAVIDSON, R. 
2001. Hippocampal morphometry in depressed patients and control subjects: 
relations to anxiety symptoms. Biol Psychiatry, 50, 960-964. 

RUSSO, L., ARON, A. & PJ, A. 1976. Alexander's disease: a report and re-appraisal. 
Neurology, 26, 607-614. 

RYAN, A., GOODSHIP, J., WILSON, D. & AL, E. 1997. Spectrum of clinical 
features associated with interstitial chromosome 22q11 deletions: a European 
collaborative study. J Med Genet, 34, 789-804. 

RYBERG, C., ROSTRUP, E., SJOSTRAND, K., PAULSON, O. B., BARKHOF, F., 
SCHELTENS, P., VAN STRAATEN, E. C., FAZEKAS, F., SCHMIDT, R., 
ERKINJUNTTI, T., WAHLUND, L. O., BASILE, A. M., PANTONI, L., 
INZITARI, D. & WALDEMAR, G. 2008. White matter changes contribute to 
corpus callosum atrophy in the elderly: the LADIS study. AJNR Am J 
Neuroradiol, 29, 1498-504. 

RYBERG, C., ROSTRUP, E., STEGMANN, M. B., BARKHOF, F., SCHELTENS, 
P., VAN STRAATEN, E. C., FAZEKAS, F., SCHMIDT, R., FERRO, J. M., 
BAEZNER, H., ERKINJUNTTI, T., JOKINEN, H., WAHLUND, L. O., 



 364 

O'BRIEN, J., BASILE, A. M., PANTONI, L., INZITARI, D. & 
WALDEMAR, G. 2007. Clinical significance of corpus callosum atrophy in a 
mixed elderly population. Neurobiol Aging, 28, 955-63. 

SACHSE, C., LUTHKE, K., HARTUNG, K. & AL, E. 1995. Significance ot 
antibodies to cardiolipin in unselected patients with systemic lupus 
erythematosus: clinical and laboratory associations. The SLE study group. 
Rheumatol Int, 15, 23-29. 

SAHA, S., CHANT, D. & MCGRATH, J. 2008. Meta-analyses of the incidence and 
prevalence of schizophrenia: conceptual and methodological issues. Int J 
Methods Psychiatr Res, 17, 55-61. 

SAHA, S., CHANT, D., WELHAM, J. & MCGRATH, J. 2005. A systematic review 
of the prevalence of schizophrenia. PLoS Med, 2, e141. 

SALAT, D., KAYE, J. & JANOWSKY, J. 1999. Prefrontal gray and white matter 
volumes in healthy ageing and Alzheimer disease. Arch Neurol, 56, 338-344. 

SALEM, J. & KING, A. 1998. The role of gender differences in the reduction of 
etiologic heterogenetity in schizophrenia. Clin Psychol Rev, 18, 795-819. 

SALEN, G. & GRUNDY, S. 1973. The metabolism of cholestanol, cholesterol and 
bile acides in cerebrotendinous xanthomatosis. J Clin Invest, 52, 2822-2835. 

SALOKANGAS, R., CANNON, T., VAN ERP, T., ILONEN, T., TAIMINEN, T., 
KARLSSON, H., LAUERMA, H., LEINONEN, K., WALLENIUS, E., 
KALJONEN, A., SYVALAHTI, E., VILKMAN, H., ALANEN, A. & 
HIETALA, J. 2002. Structural magnetic resonance imaging in patients with 
first-episode schizophrenia, psychotic and severe non-psychotic depression 
and healthy controls. Br J Psychiatry, 181, S58-65. 

SANCHEZ, M., HEARN, E., DO, D., RILLING, J. & HERNDON, J. 1998. 
Differential rearing affects corpus callosum size and cognitive function of 
rhesus monkeys. Brain Res, 812, 38-49. 

SANFILIPO, M., LAFARGUE, T., RUSINEK, H., ARENA, L., LONERGAN, C., 
LAUTIN, A., FEINER, D., ROTROSEN, J. & WOLKIN, A. 2000. 
Volumetric measure of the frontal and temporal lobe regions in schizophrenia: 
relationship to negative symptoms. Arch Gen Psychiatr, 57, 471-480. 

SANKAR, R., CURRAN, J., KEVILL, J., RINTAHAKA, P., SHEWMON, D. & 
VINTERS, H. 1995. Microscopic cortical dysplasia in infantile spasms: 
evolution of white matter abnormalities. Am J Neuroradiol, 16, 1265-1272. 

SANTORO, M., UNCINI, A., CORBO, M. & AL, E. 1992. Experimental conduction 
block induced by serum from a patient with anti-GM1 antibodies. Ann Neurol, 
31, 385-390. 

SARNICOLA, A., KEMPTON, M., GERMANA, C., HALDANE, M., HADJULIS, 
M., CHRISTODOULOU, T., KOUKOPOULOS, A., GIRARDI, P., 
TATARELLI, R. & FRANGOU, S. No differential effect of age on brain 
matter volume and cognition in bipolar patients and healthy individuals. 
Bipolar Disord, In Press. 

SASAKI, A., MIYANAGA, K., OTOTSUJI, M., IWAKI, A., IWAKI, T., 
TAKAHASHI, S. & NAKAZATO, Y. 2000. Two autopsy cases with 
Pelizaeus-Merzbacher disease phenotype of adult onset, without mutation of 
proteolipid protein gene. Acta Neuropathol, 99, 7-13. 

SATOH, J.-I., TOKUMOTO, H., KUROHARA, K. & AL, E. 1997. Adult-onset 
Krabbe disease with homozygous T1853C mutation in the 
galactocerebrosidase gene. Neurology, 49, 1392-1399. 

SAUERWEIN, H. & LASSONDE, M. 1996. Akelaitis' investigations of the first split-



 365 

brain patients. In: CODE, C. & WALLESCH, C. (eds.) Classic Cases in 
Neuropsychology. Brain Damage, Behavior and Cognition Series. Hove: 
Erlbaum. 

SAUVAGEOT, C. M. & STILES, C. D. 2002. Molecular mechanisms controlling 
cortical gliogenesis. Curr Opin Neurobiol, 12, 244-9. 

SAXENA, S., BRODY, A., HO, M., ALBORZIAN, S., HO, M., MAIDMENT, K., 
HUANG, S., WU, H., AU, S. & BAXTER, L. J. 2001. Cerebral metabolism in 
major depression and obsessive-compulsive disorder occurring separately and 
concurrently. Biol Psychiatry, 50 , 159-170. 

SAYKIN, A., SHTASEL, D., GUR, R. & AL, E. 1994. Neuropsychological deficits 
in neuroleptic naive patients with first episode schizophrenia. Arch Gen 
Psychiatr, 51, 124-131. 

SCANNELL, J. 1997. Determining cortical landscapes. Nature, 386, 452. 
SCHIFFMAN, R. 1996. Niemann-Pick disease type C: from bench to bedside. JAMA, 

276, 561-564. 
SCHIMMELMANN, B., CONUS, P., COTTON, S., MCGORRY, P. & LAMBERT, 

M. 2007. Pre-treatment, baseline, and outcome differences between early-
onset and adult-onset psychosis in an epidemiological cohort of 636 first-
episode patients. Schizophr Res, 95, 1-8. 

SCHLOSSER, R. G., NENADIC, I., WAGNER, G., GULLMAR, D., VON 
CONSBRUCH, K., KOHLER, S., SCHULTZ, C. C., KOCH, K., FITZEK, C., 
MATTHEWS, P. M., REICHENBACH, J. R. & SAUER, H. 2007. White 
matter abnormalities and brain activation in schizophrenia: a combined DTI 
and fMRI study. Schizophr Res, 89, 1-11. 

SCHMAHMANN, J. & PANDYA, D. 2006. Corpus callosum. In: SCHMAHMANN, 
J. & PANDYA, D. (eds.) Fiber Pathways of the Brain. Oxford: Oxford 
University Press. 

SCHMITHORST, V., WILKE, M., DARDZINSKI, B. & HOLLAND, S. 2002. 
Correlation of white matter diffusivity and anisotropy with age during 
childhood and adolescence: a cross-sectional diffusion-tensor MR imaging 
study. Radiology, 222, 212-218. 

SCHMITT, A., WILCZEK, K., BLENNOW, K., MARAS, A., JATZKO, A., 
PETROIANU, G., BRAUS, D. & GATTAZ, W. 2004. Altered thalamic 
membrane phospholipids in schizophrenia: a postmortem study. Biol 
Psychiatry, 56, 41-45. 

SCHMITT, J. E., ELIEZ, S., BELLUGI, U. & REISS, A. L. 2001. Analysis of 
cerebral shape in Williams syndrome. Arch Neurol, 58, 283-7. 

SCHNEEBAUM, A., SINGLETON, J., WEST, S. & AL, E. 1991. Association or 
psychiatric manifestations with antibodies to proteins in systemic lupus 
erythematosus. Am J Med, 90, 54-62. 

SCHNEIDER, K. 1959. Clinical Psychopathology., New York, Grune & Stratton Inc. 
SCHNEIDER-AXMANN, T., KAMER, T., MORONI, M., MARIC, N., TEPEST, R., 

DANI, I., HONER, W. G., SCHERK, H., RIETSCHEL, M., SCHULZE, T. 
G., MULLER, D. J., CORDES, J., SCHONELL, H., STEINMETZ, H., 
GAEBEL, W., VOGELEY, K., KUHN, K. U., WAGNER, M., MAIER, W., 
TRABER, F., BLOCK, W., SCHILD, H. H. & FALKAI, P. 2006. Relation 
between cerebrospinal fluid, gray matter and white matter changes in families 
with schizophrenia. J Psychiatr Res, 40, 646-55. 

SCHOENEMANN, P., SHEEHAN, M. & GLOTZER, L. 2005. Prefrontal white 
matter volume is disproportionately larger in humans than in other primates. 



 366 

Nature Neurosci, 8, 242-252. 
SCHRETLEN, D., CASCELLA, N., MEYER, S., KINGERY, L., TESTA, S., 

MUNRO, C., PULVER, A., RIVKIN, P., RAO, V., DIAZ-ASPER, C., 
DICKERSON, F., YOLKEN, R. & PEARLSON, G. 2007. 
Neuropsychological functioning in bipolar disorder and schizophrenia. 
Biological Psychiatry, 62, 179-186. 

SCHULTE, T., SULLIVAN, E., MULLER-OEHRING, E., ADALSTEINSSON, A. 
& PFEFFERBAUM, A. 2005. Corpus callosal microstructural integrity 
influences interhemispheric processing: a diffusion tensor imaging study. 
Cereb Cortex, 15, 1384-1392. 

SEAL, M. L., YUCEL, M., FORNITO, A., WOOD, S. J., HARRISON, B. J., 
WALTERFANG, M., PELL, G. S. & PANTELIS, C. 2008. Abnormal white 
matter microstructure in schizophrenia: a voxelwise analysis of axial and 
radial diffusivity. Schizophr Res, 101, 106-10. 

SEEMAN, P., CHAU-WONG, M., TEDESCO, J. & WONG, K. 1975. Brain 
receptors for antipsychotic drugs and dopamine: direct binding assays. Proc 
Natl Acad Sci U S A, 72, 4376-80. 

SEEMAN, P., CHAU-WONG, M., TEDESCO, J. & WONG, K. 1976a. Dopamine 
receptors in human and calf brains, using [3H]apomorphine and an 
antipsychotic drug. Proc Natl Acad Sci U S A, 73, 4354-8. 

SEEMAN, P., LEE, T., CHAU-WONG, M. & WONG, K. 1976b. Antipsychotic drug 
doses and neuroleptic/dopamine receptors. Nature, 261, 717-9. 

SEGAL, D., KOSCHNICK, J. R., SLEGERS, L. H. & HOF, P. R. 2007. 
Oligodendrocyte pathophysiology: a new view of schizophrenia. Int J 
Neuropsychopharmacol, 10, 503-11. 

SEGAL, D., SCHMITZ, C. & HOF, P. R. 2009. Spatial distribution and density of 
oligodendrocytes in the cingulum bundle are unaltered in schizophrenia. Acta 
Neuropathol, 117, 385-94. 

SEIDMAN, L., TALBOT, N., KALINOWSKI, A., MCCARLEY, R., FARAONE, S., 
KREMEN, W., PEPPLE, J. & TSUANG, M. 1992. Neuropsychological 
probes of fronto-limbic system dysfunction in schizophrenia: olfactory 
identification and Wisconsin Card Sorting performance. Schizophrenia 
Research, 6, 55-65. 

SEITELBERGER, F. 1970. Pelizaeus-Merzbacher disease. Handb Clin Neurol, 10, 
150-202. 

SEITELBERGER, F. 1995. Neuropathology and genetics of Pelizaeus-Merzbacher 
disease. Brain Pathol, 5, 267-273. 

SELEMON, L. & GOLDMAN-RAKIC, P. 1999. The reduced neuropil hypothesis: a 
circuit-based model of schizophrenia. Biol Psychiatry, 45, 17-25. 

SELEMON, L., RAJKOWSKA, G. & GOLDMAN-RAKIC, P. 1995. Abnormally 
high neuronal densitiy in the schizophrenic cortex: a morphometric analysis of 
prefrontal area 9 and occipital area 17. Arch Gen Psychiatr, 52, 805-818. 

SELEMON, L., RAJKOWSKA, G. & GOLDMAN-RAKIC, P. 1998. Elevated 
neuronal density in prefrontal area 46 in brains from schizophrenia patients: 
application of a 3-dimensional, stereologic counting method. J Comp Neurol, 
392, 402-412. 

SELTZER, B. & PANDYA, D. 1983. The distribution of posterior parietal fibers in 
the corpus callosum of the rhesus monkey. Experimental Brain Research, 49, 
147-150. 

SEOK, J. H., PARK, H. J., CHUN, J. W., LEE, S. K., CHO, H. S., KWON, J. S. & 



 367 

KIM, J. J. 2007. White matter abnormalities associated with auditory 
hallucinations in schizophrenia: a combined study of voxel-based analyses of 
diffusion tensor imaging and structural magnetic resonance imaging. 
Psychiatry Res, 156, 93-104. 

SERUR, D., JERET, J. & WISNIEWSKI, K. 1988. Agenesis of the corpus callosum: 
clinical, neuroradiological and cytogenetic studies. Neuropediatrics, 19, 87-
91. 

SEYMOUR, S. E., REUTER-LORENZ, P. A. & GAZZANIGA, M. S. 1994. The 
disconnection syndrome. Basic findings reaffirmed. Brain, 117 ( Pt 1), 105-15. 

SEZGIN, M. & SANKUR, B. 2004. Survey over image thresholding techniques and 
quantitative performance evaluation. J Electon Imaging, 13, 146-165. 

SHAPIRO, E., LOCKMAN, L., KNOPMAN, D. & KRIVIT, W. 1994. 
Characteristics of the dementia in late onset metachromatic leukodystrophy. 
Neurology, 44, 662-665. 

SHAPIRO, S. 1983. Depression in a patient with dementia secondary to 
cerebrotendinous xanthomatosis. J Nerv Ment Dis, 171, 568-571. 

SHARMA, V., MENON, R., CARR, T., DENSMORE, M., MAZMANIAN, D. & 
WILLIAMSON, P. 2003. An MRI study of subgenual prefrontal cortex in 
patients with familial and non-familial bipolar I disorder. J Affect Disord, 77, 
167-171. 

SHELINE, G., WARA, W. & SMITH, V. 1980. Therapeutic irradiation and brain 
injury. Int J Radiat Oncol Biol Phys, 6, 1215-1228. 

SHELTON, E. & KNIGHT, R. 1984. Interhemispheric transmission time in 
schizophrenics. Br J Clin Psychol, 23, 227-228. 

SHENTON, M., DICKEY, C., FRUMIN, M. & MCCARLEY, R. 2001. A review of 
MRI findings in schizophrenia. Schizophr Res, 49, 1-52. 

SHENTON, M., WIBLE, C. & MCCARLEY, R. 1997. A review of magnetic 
resonance imaging studies of brain abnormalities in schizophrenia. In: 
KRISHNAN, K. & DORAISWAMY, P. (eds.) Brain Imaging in Clinical 
Psychiatry. New York: Marcel Dekker. 

SHERGILL, S. S., KANAAN, R. A., CHITNIS, X. A., O'DALY, O., JONES, D. K., 
FRANGOU, S., WILLIAMS, S. C., HOWARD, R. J., BARKER, G. J., 
MURRAY, R. M. & MCGUIRE, P. 2007. A diffusion tensor imaging study of 
fasciculi in schizophrenia. Am J Psychiatry, 164, 467-73. 

SHI, L., FATEMI, S., SIDWELL, R. & PATTERSON, P. 2003. Maternal influenza 
infection causes marked behavioural and pharmacological changes in the 
offspring. J Neurosci, 23, 297-302. 

SHIN, Y. W., KWON, J. S., HA, T. H., PARK, H. J., KIM, D. J., HONG, S. B., 
MOON, W. J., LEE, J. M., KIM, I. Y., KIM, S. I. & CHUNG, E. C. 2006. 
Increased water diffusivity in the frontal and temporal cortices of 
schizophrenic patients. Neuroimage, 30, 1285-91. 

SHIWACH, R. & SHEIKHA, S. 1998. Delusional disorder in a boy with 
phenylketonuria and amine metabolites in the cerebrospinal fluid after 
treatment with neuroleptics. J Adol Health, 22, 244-246. 

SHULMAN, L., DAVID, N. & WEINER, W. 1995a. Psychosis as the initial 
manifestation of adult-onset Niemann-Pick disease type C. Neurology, 45, 
1739-1743. 

SHULMAN, L., LANG, A., JANKOVIC, J., DAVID, N. & WEINER, W. 1995b. 
Case 1, 1995: Psychosis, dementia, chorea, ataxia and supranuclear gaze 
dysfunction. Mov Disord, 10, 257-262. 



 368 

SIBBITT, W. J., BROOKS, W., HASELER, L., GRIFFEY, R., FRANK, L., HART, 
B. & SIBBITT, R. 1995. Spin-spin relaxation of brain tissues in systemic 
lupus erythematosus. Athritis Rheum, 38, 810-818. 

SIGMUNDSSON, T., SUCKLING, J., MAIER, M. & AL, E. 2001. Structural 
abnormalities in frontal, temporal and limbic regions and interconnecting 
white matter tracts in schizophrenic patients with prominent negative 
symptoms. Am J Psychiatry, 158, 234-243. 

SILVER, N., BARKER, G., MACMANUS, D. & AL, E. 1997. Magnetisation 
transfer ratio of normal brain white matter: a normative database spanning 
four decades of life. J Neurol Neurosurg Psychiatr, 62, 223-238. 

SIMON, A., WALTERFANG, M., PETRALLI, C. & VELAKOULIS, D. 2008. First-
episode 'coenesthetic' schizophrenia presenting with alien hand syndrome and 
partial agenesis of the corpus callosum. Neuropsychobiology, 58, 118-22. 

SINIBALDI, L., DE LUCA, A., BELLACCHIO, E., CONTI, E., PASINI, A., 
PALOSCIA, C., SPALLETTA, G., CALTAGIRONE, C., PIZZUTI, A. & 
DALLAPICCOLA, B. 2004. Mutations of the Nogo-66 receptor (RTN4R) 
gene in schizophrenia. Hum Mutat, 24, 534-535. 

SKELLY, L. R., CALHOUN, V., MEDA, S. A., KIM, J., MATHALON, D. H. & 
PEARLSON, G. D. 2008. Diffusion tensor imaging in schizophrenia: 
relationship to symptoms. Schizophr Res, 98, 157-62. 

SKUDLARSKI, P., JAGANNATHAN, K., ANDERSON, K., STEVENS, M. C., 
CALHOUN, V. D., SKUDLARSKA, B. A. & PEARLSON, G. 2010. Brain 
Connectivity Is Not Only Lower but Different in Schizophrenia: A Combined 
Anatomical and Functional Approach. Biol Psychiatry. 

SKUDLARSKI, P., JAGANNATHAN, K., CALHOUN, V. D., HAMPSON, M., 
SKUDLARSKA, B. A. & PEARLSON, G. 2008. Measuring brain 
connectivity: diffusion tensor imaging validates resting state temporal 
correlations. Neuroimage, 43, 554-61. 

SMIESKOVA, R., FUSAR-POLI, P., ALLEN, P., BENDFELDT, K., STIEGLITZ, 
R. D., DREWE, J., RADUE, E. W., MCGUIRE, P. K., RIECHER-ROSSLER, 
A. & BORGWARDT, S. J. 2010. Neuroimaging predictors of transition to 
psychosis-A systematic review and meta-analysis. Neurosci Biobehav Rev. 

SMITH, S. 2002. Fast robust automated brain extraction. Hum Brain Mapp, 17, 143-
155. 

SOARES, J. & MANN, J. 1997a. The anatomy of mood disorders - review of 
structural neuroimaging studies. Biol Psychiatry, 41, 86-106. 

SOARES, J. & MANN, J. 1997b. The functional neuroanatomy of mood disorders. J 
Psychiatr Res, 31, 393-432. 

SOMMER, I., RAMSEY, N., KAHN, R., ALEMAN, A. & BOUMA, A. 2001a. 
Handedness, language lateralisation and anatomical asymmetry in 
schizophrenia: meta-analysis. Br J Psychiatry, 178, 344-51. 

SOMMER, I. E., RAMSEY, N. F. & KAHN, R. S. 2001b. Language lateralization in 
schizophrenia, an fMRI study. Schizophr Res, 52, 57-67. 

SOMMER, I. E., RAMSEY, N. F., MANDL, R. C. & KAHN, R. S. 2003. Language 
lateralization in female patients with schizophrenia: an fMRI study. Schizophr 
Res, 60, 183-90. 

SOWELL, E., LEVITT, J., THOMPSON, P., HOLMES, C., BLANTON, R., 
KORNSAND, D., CAPLAN, R., MCCRACKEN, J., ASARNOW, R. & 
TOGA, A. 2000. Brain abnormalities in early-onset schizophrenia spectrum 
disorder observed with statistical parametric mapping of structural magnetic 



 369 

resonance images. Am J Psychiatry, 157, 1475-1484. 
SOWELL, E., THOMPSON, P., HOLMES, C., JERNIGAN, T. & TOGA, A. 1999. 

In-vivo evidence for post-adolescent brain matural in frontal and striatal 
regions. Nat Neurosci, 2, 859-861. 

SPALLETTA, G., TOMAIUOLO, F., MARINO, V., BONAVIRI, G., 
TREQUATTRINI, A. & CALTAGIRONE, C. 2003. Established 
schizophrenia as a brain misconnection syndrome: a white matter voxel-based 
morphometry study. Schizophr Res, 64, 15-23. 

SPANIEL, F., HERYNEK, V., HAJEK, T., DEZORTOVA, M., HORACEK, J., 
HAJEK, M., KOZENY, J., DOCKERY, C. & HOSCHL, C. 2005. Magnetic 
resonance relaxometry in monozygotic twins discordant and concordant for 
schizophrenia. Eur Psychiatry, 20, 41-44. 

SPENCE, S. A., LIDDLE, P. F., STEFAN, M. D., HELLEWELL, J. S., SHARMA, 
T., FRISTON, K. J., HIRSCH, S. R., FRITH, C. D., MURRAY, R. M., 
DEAKIN, J. F. & GRASBY, P. M. 2000. Functional anatomy of verbal 
fluency in people with schizophrenia and those at genetic risk. Focal 
dysfunction and distributed disconnectivity reappraised. Br J Psychiatry, 176, 
52-60. 

SPERRY, R. 1968. Hemisphere disconnection and unity in conscious awareness. Am 
Psychol, 23, 723-733. 

SPERRY, R. 1982. Some effects of disconnecting the cerebral hemispheres. Science, 
217, 1223-1226. 

SPERRY, R., VOGEL, P. & BOGEN, J. 1970. Syndrome of hemisphere 
disconnection. In: BAILEY, P. & FOIL, R. (eds.) Proceedings of the Second 
Pan-American Congress of Neurology. Puerto Rico. 

SPEZIALETTI, R., BLUESTEIN, H. & ALEXANDER, E. 1993. Neuropsychiatric 
disease in Sjogren's syndrome: anti-ribosomal P and antineuronal antibodies. 
Am J Med, 95, 153-160. 

STAAL, W. G., HULSHOFF POL, H. E., SCHNACK, H. G., VAN HAREN, N. E., 
SEIFERT, N. & KAHN, R. S. 2001. Structural brain abnormalities in 
established schizophrenia at the extremes of the outcome spectrum. Am J 
Psychiatry, 158, 1140-2. 

STARK, A. K., UYLINGS, H. B., SANZ-ARIGITA, E. & PAKKENBERG, B. 2004. 
Glial cell loss in the anterior cingulate cortex, a subregion of the prefrontal 
cortex, in subjects with schizophrenia. Am J Psychiatry, 161, 882-8. 

STEEL, R., BASTIN, M., MCCONNELL, S., MARSHALL, I., CUNNINGHAM-
OWENS, D., LAWRIE, S., JOHNSTONE, E. & BEST, J. 2001. Diffusion 
tensor imaging (DTI) and proton magnetic resonance spectroscopy (MRS) in 
schizophrenic subjects and normal controls. Psychiatr Res, 106, 161-170. 

STEEN, R., HAMER, R. & LIEBERMAN, J. 2005. Measurement of brain 
metabolites by (1)H magnetic resonance spectroscopy in patients with 
schizophrenia: a systematic review and meta-analysis. 
Neuropsychopharmacol, In Press. 

STEEN, R., MULL, C., MCCLURE, R., HAMER, R. & LIEBERMAN, J. 2006a. 
Brain volume in first-episode schizophrenia: systematic review and meta-
analysis of magnetic resonance imaging studies. Br J Psychiatry, 188, 510-
518. 

STEEN, R. G., MULL, C., MCCLURE, R., HAMER, R. M. & LIEBERMAN, J. A. 
2006b. Brain volume in first-episode schizophrenia: systematic review and 
meta-analysis of magnetic resonance imaging studies. Br J Psychiatry, 188, 



 370 

510-8. 
STEINMETZ, H., STAIGER, J., SCHLAUG, G., HUANG, T. & LANCKE, L. 1995. 

Corpus callosum and brain volume in women and men. Neuroreport, 6, 1002-
1004. 

STEPHAN, K. E., BALDEWEG, T. & FRISTON, K. J. 2006. Synaptic plasticity and 
dysconnection in schizophrenia. Biol Psychiatry, 59, 929-39. 

STEPHAN, K. E., FRISTON, K. J. & FRITH, C. D. 2009. Dysconnection in 
schizophrenia: from abnormal synaptic plasticity to failures of self-
monitoring. Schizophr Bull, 35, 509-27. 

STRAKOWSKI, S., DELBELLO, M., SAX, K., ZIMMERMAN, M., SHEAR, P., 
HAWKINS, J. & LARSON, E. 1999. Brain magnetic resonance imaging of 
structural abnormalities in bipolar disorder. Archives of  General Psychiatry, 
56, 254-260. 

STRAKOWSKI, S., DELBELLO, M., ZIMMERMAN, M., GETZ, G., MILLS, N., 
RET, J., SHEAR, P. & ADLER, C. 2002. Ventricular and periventricular 
structural volumes in first- versus multiple-episode bipolar disorder. Am J 
Psychiatry, 159, 1841-1847. 

STRAKOWSKI, S., WILSON, D., TOHEN, M., WOODS, B., DOUGLASS, A. & 
STOLL, A. 1993a. Structural brain abnormalities in first-episode mania. Biol 
Psychiatry, 33, 602-609. 

STRAKOWSKI, S., WOODS, B., TOHEN, M., WILSON, D., DOUGLASS, A. & 
STOLL, A. 1993b. MRI subcortical hyperintensities in mania at first 
hospitalisation. Biol Psychiatry, 33, 204-206. 

STRUNGAS, S., CHRISTENSEN, J. D., HOLCOMB, J. M. & GARVER, D. L. 
2003. State-related thalamic changes during antipsychotic treatment in 
schizophrenia: preliminary observations. Psychiatry Res, 124, 121-4. 

STYNER, M. A., OGUZ, I., SMITH, R. G., CASCIO, C. & JOMIER, M. 2005. 
Corpus callosum subdivision based on a probabilistic model of inter-
hemispheric connectivity. Med Image Comput Comput Assist Interv, 8, 765-
72. 

SUGAI, T., KAWAMURA, M., IRITANI, S., ARAKI, K., MAKIFUCHI, T., IMAI, 
C., NAKAMURA, R., KAKITA, A., TAKAHASHI, H. & NAWA, H. 2004. 
Prefrontal abnormality of schizophrenia revealed by DNA microarray: impact 
on glial and neurotrophic gene expression. Ann NY Acad Sci, 1025, 84-91. 

SULTZER, D., MAHLER, M., CUMMINGS, J. & AL, E. 1995. Cortical 
abnormalities associated with subcortical lesions in vascular dementia. 
Clinical and position emission tomographic findings. Arch Neurol, 52, 773-
780. 

SUN, D., PHILLIPS, L., VELAKOULIS, D., YUNG, A., MCGORRY, P. & WOOD, 
S. 2007a. Progressive brain structural changes mapped as psychosis develops 
in 'at risk' individuals. Schizophr Bull, 33, 356-357. 

SUN, D., PHILLIPS, L., VELAKOULIS, D., YUNG, A., MCGORRY, P., WOOD, 
S., VAN ERP, T., THOMPSON, P., TOGA, A., CANNON, T. & PANTELIS, 
C. 2009a. Progressive brain structural changes mapped as psychosis develops 
in 'at risk' individuals. Schizophr Res, 108, 85-92. 

SUN, D., STUART, G. W., JENKINSON, M., WOOD, S. J., MCGORRY, P. D., 
VELAKOULIS, D., VAN ERP, T. G., THOMPSON, P. M., TOGA, A. W., 
SMITH, D. J., CANNON, T. D. & PANTELIS, C. 2009b. Brain surface 
contraction mapped in first-episode schizophrenia: a longitudinal magnetic 
resonance imaging study. Mol Psychiatry, 14, 976-86. 



 371 

SUN, D., VELAKOULIS, D., PHILLIPS, L., YUNG, A., MCGORRY, P. & WOOD, 
S. 2007b. Brain structural changes mapped as psychosis develops: A 
longitudinal MRI study. In submission. 

SUN, J., MALLER, J., DASKALAKIS, Z., FURTADO, C. & FITZGERALD, P. 
2009c. Morphology of the corpus callosum in treatment-resistant 
schizophrenia and major depression. Acta Psychiatr Scand, 120, 265-273. 

SUN, Z., WANG, F., CUI, L. & AL, E. 2003a. Abnormal anterior cingulum in 
patients with schizophrenia: a diffusion tensor imaging study. Neuroreport, 
14, 1833-1836. 

SUN, Z., WANG, F., CUI, L., BREEZE, J., DU, X., WANG, X., CONG, Z., 
ZHANG, H., LI, B., HONG, N. & ZHANG, D. 2003b. Abnormal anterior 
cingulum in patients with schizophrenia: a diffusion tensor imaging study. 
Neuroreport, 14, 1833-1836. 

SUPPRIAN, T., HOFMANN, E., WARMUTH0METZ, M., FRANZEK, E. & 
BECKER, E. 1997. MRI T2 relaxation times of brain regions in schizophrenic 
patients and control subjects. Psychiatr Res, 75, 173-182. 

SURRIDGE, D. 1969. An investigation into some psychiatric aspects of multiple 
sclerosis. Br J Psychiatry, 115, 749-764. 

SUSSER, E., FINNERTY, M., MOJTABAI, R., YALE, S., CONOVER, S., GOETZ, 
R. & AMADOR, X. 2000. Reliability of the life chart schedule for assessment 
of the long-term course of schizophrenia. Schizophr Res, 42, 67-77. 

SUZUKI, K., ARMAO, D., STONE, J. & MUKHERJI, S. 2001. Demyelinating 
diseases, leukodystrophies, and other myelin disorders. Neuroimag Clin Nth 
Am, 11, 15-35. 

SUZUKI, M., NOHARA, S., HAGINO, H., KUROKAWA, K., YOTSUTSUJI, T., 
KAWASAKI, Y., TAKAHASHI, T., MATSUI, M., WATANABE, N., SETO, 
H. & KURACHI, M. 2002. Regional changes in brain gray and white matter 
in patients with schizophrenia demonstrated with voxel-based analysis of 
MRI. Schizophr Res, 55, 41-54. 

SUZUKI, M., ZHOU, S. Y., HAGINO, H., TAKAHASHI, T., KAWASAKI, Y., 
NOHARA, S., YAMASHITA, I., MATSUI, M., SETO, H. & KURACHI, M. 
2004. Volume reduction of the right anterior limb of the internal capsule in 
patients with schizotypal disorder. Psychiatry Res, 130, 213-25. 

SWAYZE, V., ANDREASEN, N., ERHARDT, J., YUTH, W., ALLIGER, R. & 
COHEN, J. 1990a. Developmental abnormalities of the corpus callosum in 
schizophrenia. Arch Neurol, 47, 805-808. 

SWAYZE, V., ANDREASSEN, N., ALLIGER, R., EHRHARDT, J. & YUH, W. 
1990b. Structural brain abnormalities in bipolar affective disorder. Arch Gen 
Psychiatr, 47, 1054-1059. 

SYMONDS, L., ARCHIBALD, S., GRANT, I. & AL, E. 1999. Does an increase in 
sulcal or ventricular fluid predict where brain tissue is lost? J Neuroimaging, 
9, 201-209. 

SZE, G., ARMOND, S., BRANT-ZAWADZKI, M., DAVIS, R., NORMAN, D. & 
NEWTON, T. 1986. Foci of MRI signal (pseudo lesions) anterior to the 
frontal horns: histological correlations of a normal finding. Am J Radiol, 147, 
331-337. 

SZESZKO, P. R., ARDEKANI, B. A., ASHTARI, M., KUMRA, S., ROBINSON, D. 
G., SEVY, S., GUNDUZ-BRUCE, H., MALHOTRA, A. K., KANE, J. M., 
BILDER, R. M. & LIM, K. O. 2005. White matter abnormalities in first-
episode schizophrenia or schizoaffective disorder: a diffusion tensor imaging 



 372 

study. Am J Psychiatry, 162, 602-5. 
TAKAHASHI, K., SUZUKI, M., KAWASAKI, Y. & AL, E. 2003. Perigenual 

cingulate gyrus volume in patients with schizophrenia: a magnetic resonance 
imaging study. Biol Psychiatry, 53, 593-600. 

TAKAHASHI, T., WOOD, S., YUNG, A., WALTERFANG, M., PHILLIPS, L., 
SOULSBY, B., KAWASAKI, Y., MCGORRY, P., SUZUKI, M., 
VELAKOULIS, D. & PANTELIS, C. In Press. Superior temporal gyrus 
volume in neuroleptic-naive individuals at ultra high risk of developing 
psychosis. Br J Psychiatry. 

TAKAHASHI, T., WOOD, S. J., SOULSBY, B., KAWASAKI, Y., MCGORRY, P. 
D., SUZUKI, M., VELAKOULIS, D. & PANTELIS, C. 2009. An MRI study 
of the superior temporal subregions in first-episode patients with various 
psychotic disorders. Schizophr Res, 113, 158-66. 

TAKEI, K., YAMASUE, H., ABE, O., YAMADA, H., INOUE, H., SUGA, M., 
MUROI, M., SASAKI, H., AOKI, S. & KASAI, K. 2009. Structural 
disruption of the dorsal cingulum bundle is associated with impaired Stroop 
performance in patients with schizophrenia. Schizophr Res, 114, 119-27. 

TAKIGAWA, T., YASUDA, H., KIKKAWA, R. & AL, E. 1995. Antibodies against 
GM1 ganglioside affect K+ and NA+ currents in isolated rat myelinated nerve 
fibres. Ann Neurol, 37, 436-442. 

TAM, S.-Y. & ROTH, R. 1997. Mesofrontal dopaminergic neurons: can tyrosine 
availability influence their functions? Biochem Pharmacol, 53, 441-453. 

TAN, E., COHEN, A., FRIES, J. & AL, E. 1982. The 1982 revised criteria for the 
classification of SLE. Arthritis Rheum, 25. 

TAN, E.-C., CHONG, S.-A., WANG, H., LIM, E.-P. & TEO, Y.-Y. 2005. Gender-
specific association of insertion/deletion polymorphisms in the nogo gene and 
established schizophrenia. Mol Brain Res, In Press. 

TANDON, R., DEQUARDO, J., TAYLOR, S., MCGRATH, M., JIBSON, M., 
ELSER, A. & GOLDMAN, M. 2000. Phasic and enduring negative symptoms 
in schizophrenia: biological markers and relationship to outcome. Schizophr 
Res, 45, 191-201. 

TANG, C. Y., FRIEDMAN, J., SHUNGU, D., CHANG, L., ERNST, T., STEWART, 
D., HAJIANPOUR, A., CARPENTER, D., NG, J., MAO, X., HOF, P. R., 
BUCHSBAUM, M. S., DAVIS, K. & GORMAN, J. M. 2007a. Correlations 
between Diffusion Tensor Imaging (DTI) and Magnetic Resonance 
Spectroscopy (1H MRS) in schizophrenic patients and normal controls. BMC 
Psychiatry, 7, 25. 

TANG, Y., NYENGAARD, J., PAKKENBERG, B. & GUNDERSEN, H. 1999. Age-
induced white matter changes in the human brain: a stereological 
investigation. Neurobiol Aging, 18, 609-615. 

TANG, Y., WANG, F., XIE, G., LIU, J., LI, L., SU, L., LIU, L., HU, X., HE, Z. & 
BLUMBERG, H. 2007b. Reduced ventral anterior cingulate and amygdala 
volumes in medication-naïve females with major depressive disorder: A 
voxel-based morphometric magnetic resonance imaging study. Psychiatry Res 
Neuroimaging, 156, 83-86. 

TANSKANEN, P., HAAPEA, M., VEIJOLA, J., MIETTUNEN, J., JARVELIN, M. 
R., PYHTINEN, J., JONES, P. B. & ISOHANNI, M. 2009. Volumes of brain, 
grey and white matter and cerebrospinal fluid in schizophrenia in the Northern 
Finland 1966 Birth Cohort: an epidemiological approach to analysis. 
Psychiatry Res, 174, 116-20. 



 373 

TANSKANEN, P., RIDLER, K., MURRAY, G. K., HAAPEA, M., VEIJOLA, J. M., 
JAASKELAINEN, E., MIETTUNEN, J., JONES, P. B., BULLMORE, E. T. 
& ISOHANNI, M. K. 2008. Morphometric Brain Abnormalities in 
Schizophrenia in a Population-Based Sample: Relationship to Duration of 
Illness. Schizophr Bull. 

TAYLOR, J., BLANTON, R., LEVITT, J., CAPLAN, R., NOBEL, D. & TOGA, A. 
2005. Superior temporal gyrus differences in childhood-onset schizophrenia. 
Schizophr Res, 73, 235-241. 

TAYLOR, M. & DAVID, A. S. 1998. Agenesis of the corpus callosum: a United 
Kingdom series of 56 cases. J Neurol Neurosurg Psychiatry, 64, 131-4. 

TAYLOR, W., MACFALL, J., PAYNE, M., MCQUOID, D., PROVENAZLE, J., 
STEFFENS, D. & KRISHNAN, K. 2004. Late-life depression and 
microstructural abnormalities in dorsolateral prefrontal cortex white matter. 
Am J Psychiatry, 161, 1293-1296. 

TEDESCHI, G., BONAVITA, S., BARTON, N., BERTOLINO, A., FRANK, J., 
PATRONAS, N., ALGER, J. & SCHIFFMAN, R. 1998. Proton magnetic 
resonance spectroscopic imaging in the clinical evaluation of patients with 
Niemann-Pick type C disease. J Neurol Neurosurg Psychiatry, 65, 72-79. 

TEIPEL, S., FLATZ, W., HEINSEN, H., BOKDE, A., SCHOENBERG, S., 
STOCKEL, S., DIETRICH, O., REISER, M., MOLLER, H. & HAPMEL, H. 
2005. Measurement of basal forebrain atrophy in Alzheimer's disease using 
MRI. Brain, 128, 2626-2644. 

TEIPEL, S., HAMPEL, H., PIETRINI, P., ALEXANDER, G., HORWITZ, B., 
DALEY, E., MOLLER, H., SCHAPIRO, M. & RAPOPORT, S. 1999. 
Region-specific corpus callosum atrophy correlates with the regional pattern 
of cortical glucose metabolism in Alzheimer disease. Arch Neurol, 56, 467-
473. 

TEIPEL, S., SCHAPIRO, M., ALEXANDER, G., KRASUSKI, J., HORWITZ, B., 
HOEHNE, C., MOLLER, H., RAPOPORT, S. & HAMPEL, H. 2003. 
Relation of corpus callosum and hippocampal size to age in nondemented 
adults with Down's syndrome. Am J Psychiatry, 160, 1870-1878. 

TEIPEL, S. J., BOKDE, A. L., MEINDL, T., AMARO, E., JR., SOLDNER, J., 
REISER, M. F., HERPERTZ, S. C., MOLLER, H. J. & HAMPEL, H. 2010. 
White matter microstructure underlying default mode network connectivity in 
the human brain. Neuroimage, 49, 2021-32. 

THOMAS, E., DANIELSON, P., NELSON, P., PRIBYL, T., HILBUSH, B., HASEL, 
K. & SUTCLIFFE, J. 2001a. Clozapine increases apolipoprotein D expression 
in rodent brain, towards a mechanism for neuroleptic pharmacotherapy. J 
Neurochem, 76, 789-796. 

THOMAS, E., DEAN, B., PAVEY, G. & SUTCLIFFE, J. 2001b. Increased CNS 
levels of apolipoprotein D in schizophrenic and bipolar subjects: implications 
for the pathophysiology of psychiatric disorders. Proc Natal Acad Sci USA, 
98, 4066-4071. 

THOMAS, E., DEAN, B., SCARR, E., COPOLOV, D. & SUTCLIFFE, J. 2003. 
Differences in neuroanatomical sites of apoD elevation discriminate between 
schizophrenia and bipolar disorder. Mol Psychiatry, 8, 167-175. 

THOMPSON, K., PHILLIPS, L., KOMESAROFF, P., YUEN, H., WOOD, S., 
PANTELIS, C., VELAKOULIS, D., YUNG, A. & MCGORRY, P. 2007. 
Stress and HPA-axis functioning in young people at ultra high risk for 
psychosis. J Psychiatr Res, 41, 561-569. 



 374 

THOMPSON, P., GIEDD, J., WOODS, R., MACDONALD, D., EVANS, A. & 
TOGA, A. 2000. Growth patterns in the developing brain detected by using 
continuum mechanical tensor maps. Nature, 404, 190-193. 

THOMPSON, P., NARR, K., BLANTON, R. & TOGA, A. 2002. Mapping structural 
alterations of corpus callosum during brain development and degeneration. In: 
ZAIDEL, E. & IACOBONI, M. (eds.) The Parallel Brain: The Cognitive 
Neuroscience of the Corpus Callosum. Cambridge, Mass: MIT Press. 

TIBBO, P., NOPOULOS, P., ARNDT, S. & ANDREASEN, N. C. 1998. Corpus 
callosum shape and size in male patients with schizophrenia. Biol Psychiatry, 
44, 405-12. 

TIENARI, P., WYNNE, L., MORING, J., LAHTI, I., NAARALA, M., SORRI, A., 
WAHLBERG, K., SAARENTO, O., SEITAMAA, M. & KALEVA, M. 1994. 
The Finnish adoptive family study of schizophrenia. Implications for family 
research. Br J Psychiatry Suppl 23, 20-26. 

TKACHEV, D., MIMMACK, M., RYAN, M., WAYLAND, M., FREEMAN, T., 
JONES, P., STARKEY, M., WEBSTER, M., YOLKEN, R. & BAHN, S. 
2003. Oligodendrocyte dysfunction in schizophrenia and bipolar disorder. 
Lancet, 362, 798-805. 

TOLWANI, R., COSGAYA, J., VARMA, S., JACOB, R., KUO, L. & SHOOTER, E. 
2004. BDNF overexpression produces a long-term increase in myelin 
formation in the peripheral nervous system. J Neurosci Res, 77, 662-669. 

TOMASCH, J. 1954. Size, distribution, and number of fibres in the human corpus 
callosum. Anat Res, 119, 119-135. 

TRIPLETT, D. 2020. Antiphospholipid antibodies. Arch Pathol Lab Med, 126, 1424-
1429. 

TURKEL, S., MILLER, J. & REIFF, A. 2001. Case series: neuropsychiatric 
symptoms with pediatric systemic lupus erythematosus. J Am Acad Child 
Adolesc Psychiatry, 40, 482-485. 

TURPIN, J., GOAS, N., MASSON, M., ZAGNOLI, F., MOCQUARD, Y. & 
BAUMANN, N. 1991a. Type C Niemann-Pick disease: supranuclear 
opthalmoplegia assocated with deficient biosynthesis of cholesterol esters. Rev 
Neurol (Paris), 147, 28-34. 

TURPIN, J., MASSON, M. & BAUMANN, N. 1991b. Clinical aspects of Niemann-
Pick type C disease. Dev Neurosci, 13, 304-306. 

UC, E., WENGER, D. & JANKOVIC, J. 2000. Niemann Pick disease type C: two 
cases and an update. Mov Disord, 15, 1199-1202. 

UEKI, Y., KOHARA, N., OGA, T. & AL, E. 2000. Membranous lipodystrophy 
presenting with palilalia: a PET study of cerebral glucose metabolism. Acta 
Neurol Scand, 102, 60-64. 

URANOVA, N., CASANOVA, M., DEVAUGHN, N., ORLOVSKAYA, D. & 
DENISOV, D. 1996. Ultrastructural alterations of synaptic contacts and 
astrocytes in postmortem caudate nucleus of schizophrenic patients (letter). 
Schizophr Res, 22, 81-83. 

URANOVA, N. & ORLOVSKAYA, D. 1996. Ultrastructural pathology of neuronal 
connectivity in postmortem brains of schizophrenic patients. Ann Psychiatr, 6, 
55-72. 

URANOVA, N., ORLOVSKAYA, D., VIKHREVA, O., ZIMINIA, I., 
KOLOMEETS, N., VOSTRIKOV, V. & RACHMANOVA, V. 2001. Electron 
microscopy of oligodendroglia in severe mental illness. Brain Res Bull, 55, 
597-610. 



 375 

URANOVA, N., VOSTRIKOV, V., ORLOVSKAYA, D. & RACHMANOVA, V. 
2003. Oligodendroglial density in the prefrontal cortex in schizophrenia and 
mood disorders: a study from the Stanley Neuropathology Consortium. 
Schizophrenia Res, 67, 269-275. 

URANOVA, N., VOSTRIKOV, V., ORLOVSKAYA, D. & RACHMANOVA, V. 
2004. Oligodendroglial density in the prefrontal cortex in schizophrenia and 
mood disorders: a study from the Stanley Neuropathology Consortium. 
Schizophr Res, 67, 269-275. 

URANOVA, N. A., VOSTRIKOV, V. M., VIKHREVA, O. V., ZIMINA, I. S., 
KOLOMEETS, N. S. & ORLOVSKAYA, D. D. 2007. The role of 
oligodendrocyte pathology in schizophrenia. Int J Neuropsychopharmacol, 10, 
537-45. 

URENJAK, J., WILLIAMS, S., GADIAN, D. & NOBLE, M. 1993. Proton nuclear 
magnetic resonance spectroscopy unambiguously identifies different neural 
cell types. J Neurosci, 13, 981-989. 

USUI, H., TAKAHASHI, N., SAITO, S., ISHIHARA, R., AOYAMA, N., IKEDA, 
M., SUZUKI, T., KITAJIMA, T., YAMANOUCHI, Y., KINOSHITA, Y., 
YOSHIDA, K., IWATA, N., INADA, T. & OZAKI, N. 2006. The 2',3'-cyclic 
nucleotide 3'-phosphodiesterase and oligodendrocyte lineage transcription 
factor 2 genes do not appear to be associated with schizophrenia in the 
Japanese population. Schizophr Res, 88, 245-50. 

VAKILI, K., PILLAY, S., LAFER, B., FAVA, M., RENSHAW, P., BONELLO-
CINTRON, C. & YURGELUN-TODD, D. 2000. Hippocampal volume in 
primary unipolar major depression: a magnetic resonance imaging study. Biol 
Psychiatry, 47, 1087-1090. 

VALTYSDOTTIR, S., GUDBJORNSSON, B., LINDQVIST, U. & AL, E. 2000. 
Anxiety and depression in patients with primary Sjogren's syndrome. J 
Rheumatol, 27, 165-169. 

VAN AMELSVOORT, T., DALY, E., HENRY, J., ROBERTSON, D., NG, V., 
OWEN, M., MURPHY, K. & MURPHY, D. 2004. Brain anatomy in adults 
with velocardiofacial syndrome with and without schizophrenia. Arch Gen 
Psychiatr, 61, 1085-1096. 

VAN ESSEN, D. 1997. A tensionb-based theory of morphogenesis and compact 
wiring in the central nervous system. Nature, 385, 313-318. 

VAN HAREN, N., CAHN, W., HULSHOFF POL, H., SCHNACK, H., CASPERS, 
E., LEMSTRA, A., SITSKOORN, M., WIERSMA, D., VAN DEN BOSCH, 
R., DINGEMANNS, P., SCHENE, A. & KAHN, R. 2003. Brain volumes as 
predictor of outcome in recent-onset schizophrenia: a multi-center MRI study. 
Schizophr Res. 

VAN HORN, G., ARNETT, F. & DIMACHKIE, M. 1996. Reversible dementia and 
chorea in a young womanwith the lupus anticoagulant. Neurology, 46, 1599-
1603. 

VAN NIMWEGEN, L., DE HAAN, L., VAN BEVEREN, N., VAN DEN BRINK, 
W. & LINSZEN, D. 2005. Adolescence, schizophrenia and drug abuse: a 
window of vulnerability. Acta Psychiatr Scand Suppl, 35-42. 

VAN OS, J., WRIGHT, P. & MURRAY, R. 1997. Follow-up studies of schizophrenia 
I: Natural history and non-psychopathological predictors of outcome. Eur 
Psychiatry, 12 Suppl 5, 327s-41s. 

VAN ROSSUM, J. 2006. The significance of dopamine receptor blockade for the 
action of neuroleptic drugs. In: BRILL, H., COLE, J., DENIKER, P., 



 376 

HIPPIUS, H. & BRADLEY, P. (eds.) Neuropsychopharmacology: 
Proceedings Fifth Collegium Internationale Neuropsychopharmacologicum. 
Amsterdam: Excerpta Medica. 

VAN WAESBERGHE, J., KAMPHORST, W., DE GROOT, C., VAN 
WALDERVEEN, M., CASTELIJNS, J., RAVID, R., LYCKLAMA A 
NIJEHOLT, G., VAN DER VALK, P., POLMAN, C., THOMPSON, A. & 
BARKHOF, F. 1999. Axonal loss in multiple sclerosis lesions: magnetic 
resonance imaging insights into substrates of disability. Ann Neurol, 46. 

VANDAM, A., NOSSENT, H., DE JOHN, J. & AL, E. 1991. Diagnostic value of 
antibodies against ribosomal phosphoproteins. A cross sectional and 
longitudinal study. J Rheumatol, 18, 1026-1034. 

VANIER, M., RODRIGUEZ-LAFRASSE, C., ROUSSON, R., DUTHEL, S., 
HARZER, K., PENTCHEV, P., REVOL, A. & LOUISOT, P. 1991. Typc C 
Niemann Pick disease: biochemical aspects and phenotypic heterogeneity. Dev 
Neurosci, 13, 307-314. 

VANIER, M. & SUZUKI, K. 1998. Recent advances in elucidating Niemann-Pick C 
disease. Brain Pathol, 8, 163-174. 

VASIC, N., WALTER, H., HOSE, A. & WOLF, R. 2007. Gray matter reduction 
associated with psychopathology and cognitive dysfunction in unipolar 
depression: A voxel-based morphometry study. J Affect Disord, In Press. 

VASSALLO, M. & ALLEN, S. 1995. An unusual case of dementia. Postgrad Med J. 
VAWTER, M., BARRETT, T., CHEADLE, C., SOKOLOV, B., WOOD, W. I., 

DONOVAN, D., WEBSTER, M., FREED, W. & BECKER, K. 2001. 
Application of cDNA microarrays to examine gene expression differences in 
schizophrenia. Brain Res Bull, 55, 641-650. 

VAWTER, M., SHANNON WEICKERT, C., FERRAN, E., MATSUMOTO, M., 
OVERMAN, K., HYDE, T., WEINBERGER, D., BUNNEY, W. & 
KLEINMAN, J. 2004. Gene expression of metabolic enzymes and a protease 
inhibitor in the prefrontal cortex are decreased in schizophrenia. Neurochem 
Res, 29, 1245-1255. 

VELAKOULIS, D., WOOD, S., SMITH, D., SOULSBY, B., BREWER, W., 
LEETON, L., DESMOND, P., SUCKLING, J., BULLMORE, E., MCGUIRE, 
P. & PANTELIS, C. 2002. Increased duration of illness is associated with 
redued volume  in right medial temporal/anterior cingulate grey matter in 
patients with schizophrenia. Schizophr Res, 57, 43-49. 

VELAKOULIS, D., WOOD, S., WONG, M., MCGORRY, P., YUNG, A., 
PHILLIPS, L., SMITH, D., BREWER, W., PROFFITT, T., DESMOND, P. & 
PANTELIS, C. 2006a. Hippocampal and amygdala volumes according to 
psychosis stage and diagnosis: a magnetic resonance imaging study of 
established schizophrenia, first-episode psychosis and ultra-high risk 
individuals. Arch Gen Psychiatry, 63, 139-149. 

VELAKOULIS, D., WOOD, S., WONG, M., MCGORRY, P., YUNG, A., 
PHILLIPS, L., SMITH, D., BREWER, W., PROFFITT, T., DESMOND, P. & 
PANTELIS, C. 2006b. Hippocampal and amygdala volumes differ 
according to psychosis stage and diagnosis: an MRI study of 
established schizophrenia, first-episode psychosis and ultra-
high risk subjects. Arch Gen Psychiatry, 63, 139-149. 

VELAKOULIS, D., WOOD, S., WONG, M., MCGORRY, P., YUNG, A., 
PHILLIPS, L., SMITH, D., BREWER, W., PROFFITT, T., DESMOND, P. & 



 377 

PANTELIS, C. 2006c. Hippocampal and amygdala volumes differ according 
to psychosis stage and diagnosis: an MRI study of established schizophrenia, 
first-episode psychosis and ultra-high risk subjects. Archives of  General 
Psychiatry, 63, 139-149. 

VERDI, J. & CAMPAGNONI, A. 1990. Translational regulation by neurosteroids. 
Identification of a steroid modulatory element in the 5'-untranslated region of 
the myelin basic protein messenger RNA. J Biol Chem, 265, 20314-20320. 

VERDOUX, H., LIRAUD, F., ASSENS, F., ABALAN, F. & VAN OS, J. 2002. 
Social and clinical consequences of cognitive deficits in early psychosis: a 
two-year follow-up study of first-admitted patients. Schizophr Res, 56, 149-59. 

VERLOES, A., MAQUET, P., SADZOT, B. & AL, E. 1997. Nasu-Hakola syndrome: 
polycystic lipomembranous osteodysplasia with sclerosing 
leukoencephalopathy and presenile dementia. J Med Genet, 34, 753-757. 

VERSACE, A., ALMEIDA, J., HASSEL, S., WALSH, N., NOVELLI, M., KLEIN, 
C., KUPFER, D. & PHILIPS, M. 2008. Elevated left and reduced right 
orbitomedial prefrontal fractional anisotropy in adults with bipolar disorder 
revealed by tract-based spatial statistics. Arch Gen Psychiatry, 65, 1041-1052. 

VESALIUS, A. 1543. De Humani Corporis Fabrica. 
VIDAL, C. N., NICOLSON, R., DEVITO, T. J., HAYASHI, K. M., GEAGA, J. A., 

DROST, D. J., WILLIAMSON, P. C., RAJAKUMAR, N., SUI, Y., 
DUTTON, R. A., TOGA, A. W. & THOMPSON, P. M. 2006. Mapping 
corpus callosum deficits in autism: an index of aberrant cortical connectivity. 
Biol Psychiatry, 60, 218-25. 

VOGELEY, K., SCHNEIDER-AXMANN, T., PFEIFFER, U. & AL, E. 2000. 
Disturbed gyrification of the prefrontal region in male schizophrenic patients: 
A morphometric postmortem study. Am J Psychiatry, 157, 34-39. 

VOGELEY, K., TEPEST, R., PFEIFFER, U. & AL, E. 2001. Right frontal hypergyria 
differentiation in affected and unaffected siblings from families multiply 
affected with schizophrenia: a morphometric mri study. Am J Psychiatry, 158, 
494-496. 

VOINESKOS, A. N., LOBAUGH, N. J., BOUIX, S., RAJJI, T. K., MIRANDA, D., 
KENNEDY, J. L., MULSANT, B. H., POLLOCK, B. G. & SHENTON, M. E. 
2010. Diffusion tensor tractography findings in schizophrenia across the adult 
lifespan. Brain, 133, 1494-504. 

VON HOFTSTEN, C. 1984. Developmental changes in the organization of pre-
reaching movements. Dev Psychol, 20, 369-382. 

WADDINGTON, J. L. 2007. Neuroimaging and other neurobiological indices in 
schizophrenia: relationship to measurement of functional outcome. Br J 
Psychiatry Suppl, 50, s52-7. 

WALTERFANG, M., FIETZ, M., FAHEY, M., SULLIVAN, D., LEANE, P., 
LUBMAN, D. I. & VELAKOULIS, D. 2006a. The neuropsychiatry of 
Niemann-Pick type C disease in adulthood. J Neuropsychiatry Clin Neurosci, 
18, 158-70. 

WALTERFANG, M., MALHI, G., WOOD, A., REUTENS, D., CHEN, J., BARTON, 
S., YUCEL, M., VELAKOULIS, D. & PANTELIS, C. 2007. Corpus callosum 
size and shape in established bipolar affective disorder. J Affect Disord, In 
submission. 

WALTERFANG, M., MALHI, G., WOOD, A., REUTENS, D., CHEN, J., BARTON, 
S., YUCEL, M., VELAKOULIS, D. & PANTELIS, C. In Press. Corpus 
callosum size and shape in established bipolar affective disorder. Aust NZ J 



 378 

Psychiatry. 
WALTERFANG, M., MCGUIRE, P., YUNG, A., PHILLIPS, L., VELAKOULIS, D., 

WOOD, S., SUCKLING, J., BULLMORE, E., BREWER, W., B, S., 
DESMOND, P., MCGORRY, P. & PANTELIS, C. 2008a. White matter 
volume changes in people who develop psychosis. Br J Psychiatry, 193, 210-
215. 

WALTERFANG, M., MOCELLIN, R., VELAKOULIS, D. & PANTELIS, C. 2005a. 
Neuroimaging in late-onset schizophrenia. In: HASSETT, A., AMES, D. & 
CHIU, E. (eds.) Psychosis in the Elderly. Oxon: Taylor & Francis. 

WALTERFANG, M., WOOD, A., REUTENS, D., WOOD, A., CHEN, J., 
VELAKOULIS, D., MCGORRY, P. & PANTELIS, C. 2008b. Corpus 
callosum size and shape in first-episode affective and schizophrenia-spectrum 
psychosis. Psych Res Neuroimaging, In Press. 

WALTERFANG, M., WOOD, A., REUTENS, D., WOOD, S., CHEN, J., 
VELAKOULIS, D., MCGORRY, P. & PANTELIS, C. 2008c. Morphology of 
the corpus callosum at different stages of schizophrenia: a cross-sectional 
study in first-episode and chronic illness. British Journal of Psychiatry, 192, 
429-434. 

WALTERFANG, M., WOOD, A., REUTENS, D., WOOD, S., CHEN, J., 
VELAKOULIS, D., MCGORRY, P. & PANTELIS, C. 2008d. Morphology of 
the corpus callosum at different stages of schizophrenia: a cross-sectional 
study in first-episode and chronic illness. Br J Psychiatry, 192, 429-434. 

WALTERFANG, M., WOOD, A., REUTENS, D., WOOD, S., CHEN, J., 
VELAKOULIS, D., MCGORRY, P. & PANTELIS, C. 2008e. Morphology of 
the corpus callosum at different stages of schizophrenia: a cross-sectional 
study in first-episode and chronic illness. Br J Psychiatry, In Press. 

WALTERFANG, M., WOOD, A., REUTENS, D., WOOD, S., CHEN, J., 
VELAKOULIS, D., MCGORRY, P. & PANTELIS, C. 2008f. Morphology of 
the corpus callosum at different stages of schizophrenia: cross-sectional study 
in first-episode and chronic illness. Br J Psychiatry, 192, 429-434. 

WALTERFANG, M., WOOD, S., VELAKOULIS, D., COPOLOV, D. & 
PANTELIS, C. 2005b. Diseases of white matter and schizophrenia-like 
psychosis. Aust NZ J Psychiatry, 39, 746-756. 

WALTERFANG, M., WOOD, S., VELAKOULIS, D. & PANTELIS, C. 2006b. 
Neuropathological, neurogenetic and neuroimaging evidence for white matter 
pathology in schizophrenia. Neurosci Biobehav Rev, In Press. 

WALTERFANG, M., WOOD, S., VELAKOULIS, D. & PANTELIS, C. 2006c. 
Neuropathological, neurogenetic and neuroimaging evidence for white matter 
pathology in schizophrenia. Neurosci Biobehav Rev, 30, 918-948. 

WALTERFANG, M., YUNG, A., WOOD, A., REUTENS, D., PHILLIPS, L., 
WOOD, S., CHEN, J., VELAKOULIS, D., MCGORRY, P. & PANTELIS, C. 
2008g. Corpus callosum shape alterations in individuals prior to the onset of 
psychosis. Schizophr Res, 103, 1-10. 

WAN, C., YANG, Y., FENG, G., NIUFAN, G., HUIJUN, L., ZHU, S., HE, L. & 
WANG, L. 2005. Polymorphisms of myelin-associated glycoprotein gene are 
associated with schizophrenia in the Chinese Han population. Neurosci Lett, 
388, 126-131. 

WANG, F., KALMAR, J., EDMISTON, E., CHEPENIK, L., BHAGWAGAR, Z., 
SPENCER, L., PITTMAN, B., JACKOWSKI, M., PAPADEMETRIS, X., 
CONSTABLE, R. & BLUMBERG, H. 2008. Abnormal corpus callosum 



 379 

integrity in bipolar disorder: a diffusion tensor imaging study. Biol Psychiatry, 
64, 730-733. 

WANG, F., SUN, Z., CUI, L., DU, X., WANG, X., ZHANG, H., CONG, Z., HONG, 
N. & ZHANG, D. 2004. Anterior cingulum abnormalities in male patients 
with schizophrenia determined through diffusion tensor imaging. Am J 
Psychiatry, 161, 573-575. 

WANG, F., SUN, Z., DU, X., WANG, X., CONG, Z., ZHANG, H., ZHANG, D. & 
HONG, N. 2003. A diffusion tensor imaging study of middle and superior 
cerebellar peduncle in male patients with schizophrenia. Neurosci Lett, 348, 
135-138. 

WATSON, D., CLARK, L., WEBER, K., ASSENHEIMER, J., STRAUSS, M. & 
MCCORMICK, R. 1995. Testing a tripartite model: I. Evaluating the 
convergent and discriminant validity of anxiety and depression symptom 
scales.  . Journal of Abnormal Psychology, 104, 3-14. 

WEBER, B., LUDERS, E., FABER, J., RICHTER, S., QUESADA, C. M., 
URBACH, H., THOMPSON, P. M., TOGA, A. W., ELGER, C. E. & 
HELMSTAEDTER, C. 2007. Distinct regional atrophy in the corpus callosum 
of patients with temporal lobe epilepsy. Brain, 130, 3149-54. 

WEBER, G. 1994. The pathophysiology of reactive oxygen intermediates in the 
central nervous system. Med Hypotheses, 43, 223-230. 

WECHSLER, D. 1999. Abbreviated scale of intelligence (WASI) manual., San 
Antonio, Texas., Psychological Corporation. 

WECHSLER, D. 2001. Wechsler Test of Adult Reading (WTAR) Manual., San 
Antonio, Texas, The Psychological Corporation. 

WEICKERT, C. & WEINBERGER, D. 1998. A candidate molecule approach to 
defining developmental pathology in schizophrenia. Schizophr Bull, 24, 303-
316. 

WEINBERGER, D. 1995. Schizophrenia as a neurodevelopmental disorder. In: 
HIRSCH, S. & WEINBERGER, D. (eds.) Schizophrenia. London: 
Blackwood. 

WEINBERGER, D. R. 1987. Implications of normal brain development for the 
pathogenesis of schizophrenia. Arch Gen Psychiatry, 44, 660-9. 

WEINBERGER, D. R., TORREY, E. F., NEOPHYTIDES, A. N. & WYATT, R. J. 
1979. Lateral cerebral ventricular enlargement in established schizophrenia. 
Arch Gen Psychiatry, 36, 735-9. 

WEIS, S., JELLINGER, K. & WENGER, E. 1991. Morphometry of the corpus 
callosum in aging and Alzheimer's disease: a magnetic resonance imaging 
study. J Neural Transm Suppl, 33, 35-38. 

WEIS, S., KIMBACHER, M., WENGER, E. & NEUHOLD, A. 1993. Morphometric 
analysis of the corpus callosum using MR: correlation of measurements with 
aging in healthy individuals. Am J Neuroradiol, 14, 637-645. 

WELHAM, J., MCLACHLAN, G., DAVIES, G. & MCGRATH, J. 2000. 
Heterogeneity in schizophrenia; mixture modeling of age-at-first-admission, 
gender and diagnosis. Acta Psychiatrica Scand, 101, 312-317. 

WENGER, D., RAFI, M., LUZI, P., DATTO, J. & COSTANTINO-CECCARINI, E. 
2000. Krabbe disease: genetic aspects and progress toward therapy. Mol Genet 
Metab, 70, 1-9. 

WERNICKE, C. 1906. Grundrisse der Psychiatrie., Leipzig, Thieme. 
WEST, R. 1996. An application of prefrontal cortex function theory to cognitive 

aging. Psychol Bull, 120, 272-292. 



 380 

WEST, S. 1994. Neuropsychiatric lupus. Rheum Dis Clin N Am, 20, 129-158. 
WHITFORD, T. J., GRIEVE, S. M., FARROW, T. F., GOMES, L., BRENNAN, J., 

HARRIS, A. W., GORDON, E. & WILLIAMS, L. M. 2007. Volumetric white 
matter abnormalities in first-episode schizophrenia: a longitudinal, tensor-
based morphometry study. Am J Psychiatry, 164, 1082-9. 

WHITNEY, L., BECKER, K., TRESSER, N., CABALLERO-RAMOS, C., 
MUNSON, P., PRABHU, V., TRENT, J., MCFARLAND, H. & BIDDISON, 
W. 1999. Analysis of gene expression in multiple sclerosis lesions using 
cDNA microarrays. Ann Neurol, 46, 425-428. 

WIBLE, C., ANDERSON, J., SHENTON, M., KRICUN, A., HIRAYASU, Y., 
TANAKA, S., LEVITT, J., O'DONNELL, B., KIKINIS, R., JOLESZ, F. & 
MCCARLEY, R. 2001. Prefrontal cortex, negative symptoms, and 
schizophrenia: an MRI study. Psychiatr Res, 108, 65-78. 

WIBLE, C., SHENTON, M., HOKAMA, H., KIKINIS, R., JOLESZ, F., METCALF, 
D. & MCCARLEY, R. 1995. Prefrontal cortex and schizophrenia: a 
quantitative magnetic resonance imaging study. Arch Gen Psychiatr, 52, 279-
288. 

WILLI, R., ALOY, E. M., YEE, B. K., FELDON, J. & SCHWAB, M. E. 2009. 
Behavioral characterization of mice lacking the neurite outgrowth inhibitor 
Nogo-A. Genes Brain Behav, 8, 181-92. 

WILLI, R., WEINMANN, O., WINTER, C., KLEIN, J., SOHR, R., SCHNELL, L., 
YEE, B. K., FELDON, J. & SCHWAB, M. E. 2010. Constitutive genetic 
deletion of the growth regulator Nogo-A induces schizophrenia-related 
endophenotypes. J Neurosci, 30, 556-67. 

WILLIAMS, A., REVELEY, M., KOLAKOWSKA, T., ARDERN, M. & 
MANDELBROTE, B. 1985. Schizophrenia with good and poor outcome, II: 
cerebral ventricular size and its clinical significance. Br J Psychiatry, 146, 
239-246. 

WILLIAMSON, P., PELZ, D., MERSKY, H., MORRISON, S., KARLIK, S., 
DROST, D., CARR, T. & CONLON, P. 1992. Frontal, temporal and striatal 
proton relaxation times in schizophrenic patients and normal comparison 
subjects. Am J Psychiatry, 149, 549-551. 

WILLMS, G., VAN ONGEVAL, C., BAERT, A., CLAUS, A., BOLLEN, J., DE 
CUYPER, H., ENEMAN, M., MALFROID, M., PEUSKENS, J. & HEYLEN, 
S. 1992. Ventricular enlargement, clinical correlates and treatment outcome in 
chronic schizophrenic inpatients. Acta Psychiatr Scand, 85, 306-312. 

WISER, A. K., ANDREASEN, N. C., O'LEARY, D. S., WATKINS, G. L., BOLES 
PONTO, L. L. & HICHWA, R. D. 1998. Dysfunctional cortico-cerebellar 
circuits cause 'cognitive dysmetria' in schizophrenia. Neuroreport, 9, 1895-9. 

WITELSON, S. 1985. The brain connection: the corpus callosum is larger in left-
handers. Science, 229, 665-668. 

WITELSON, S. 1989. Hand and sex differences in the isthmus of the corpus callosum 
in schizophrenia: a post-mortem morphological study. Brain, 112, 799-835. 

WITTHAUS, H., BRUNE, M., KAUFMANN, C., BOHNER, G., OZGURDAL, S., 
GUDLOWSKI, Y., HEINZ, A., KLINGEBIEL, R. & JUCKEL, G. 2008. 
White matter abnormalities in subjects at ultra high-risk for schizophrenia and 
first-episode schizophrenic patients. Schizophr Res, 102, 141-9. 

WOBROCK, T., GRUBER, O., SCHNEIDER-AXMANN, T., WOLWER, W., 
GAEBEL, W., RIESBECK, M., MAIER, W., KLOSTERKOTTER, J., 
SCHNEIDER, F., BUCHKREMER, G., MOLLER, H. J., SCHMITT, A., 



 381 

BENDER, S., SCHLOSSER, R. & FALKAI, P. 2009. Internal capsule size 
associated with outcome in first-episode schizophrenia. Eur Arch Psychiatry 
Clin Neurosci, 259, 278-83. 

WOBROCK, T., KAMER, T., ROY, A., VOGELEY, K., SCHNEIDER-AXMANN, 
T., WAGNER, M., MAIER, W., RIETSCHEL, M., SCHULZE, T. G., 
SCHERK, H., SCHILD, H. H., BLOCK, W., TRABER, F., TEPEST, R., 
HONER, W. G. & FALKAI, P. 2008. Reduction of the internal capsule in 
families affected with schizophrenia. Biol Psychiatry, 63, 65-71. 

WOLF, R. C., HOSE, A., FRASCH, K., WALTER, H. & VASIC, N. 2008. 
Volumetric abnormalities associated with cognitive deficits in patients with 
schizophrenia. Eur Psychiatry, 23, 541-8. 

WOLKIN, A., CHOI, C., SZILAGYI, S., SANFILIPO, M., ROTROSEN, J. & LIM, 
K. 2003. Inferior frontal white matter anisotropy and negative symptoms of 
schizophrenia: a diffusion tensor imaging study. Am J Psychiatry, 160, 572-
574. 

WOLLF, S. & BALABAN, R. 1989. Magnetization transfer contrast (MTC) and 
tissue water proton relaxation in vivo. Magn Reson Med, 10, 135-44. 

WONG, M., O'KIRWAN, F., HANNESTAD, J. & IRIZARRY, K. 2004. St John's 
wort and imipramine-induced gene expression profiles identify cellular 
functions relevant to antidepressant action and novel pharmacolgenetic 
candidates for the phenotype of antidepressant treatment response. Mol 
Psychiatry, 9, 237-251. 

WOO, T. & CROWELL, A. 2005. Targeting synapses and myelin in the prevention 
of schizophrenia. Schizophr Res, 73, 193-207. 

WOOD, A. G., SALING, M. M., JACKSON, G. D. & REUTENS, D. C. 2008. 
Asymmetry of language activation relates to regional callosal morphology 
following early cerebral injury. Epilepsy Behav, 12, 427-33. 

WOOD, S., BERGER, G., LAMBERT, M., CONUS, P., VELAKOULIS, D., 
STUART, G., DESMOND, P., MCGORRY, P. & PANTELIS, C. 2006. 
Prediction of functional outcome 18 months after a first psychotic episode: a 
proton magnetic resonance spectroscopy study. Arch Gen Psychiatry, 63, 969-
976. 

WOOD, S., PANTELIS, C., PROFFITT, T., PHILLIPS, L., STUART, G., 
BUCHANAN, J., MAHONY, K., BREWER, W., SMITH, D. & MCGORRY, 
P. 2003. Spatial working memory ability is a marker of risk-for-psychosis. 
Psychol Med, 33, 1239-1247. 

WOODRUFF, P., MCMANUS, I. & DAVID, A. 1995. Meta-analysis of corpus 
callosum size in schizophrenia. J Neurol Neurosurg Psychiatr, 58, 457-461. 

WOODRUFF, P., PHILLIPS, M., RUSHE, T., WRIGHT, I., MURRAY, R. & 
DAVID, A. 1997. Corpus callosum size and interhemispheric function in 
schizophrenia. Schizophrenia Res, 23, 189-196. 

WOODS, R., GRAFTON, S., HOLMES, C., CHERRY, S. & MAZZIOTTA, J. 1998. 
Automated image registration I: general methods and intrasubject, 
intramodality validation. J Comp Assist Tomog, 22, 155-165. 

WRIGHT, I., RABE-HESKETH, S., WOODRUFF, P., DAVID, A., MURRAY, R. & 
BULLMORE, E. 2000. Meta-analysis of regional brain volumes in 
schizophrenia. Am J Psychiatry, 157, 16-25. 

WRIGHT, I. C., MCGUIRE, P. K., POLINE, J. B., TRAVERE, J. M., MURRAY, R. 
M., FRITH, C. D., FRACKOWIAK, R. S. & FRISTON, K. J. 1995. A voxel-
based method for the statistical analysis of gray and white matter density 



 382 

applied to schizophrenia. Neuroimage, 2, 244-52. 
WU, J., BUCHSBAUM, M., JOHNSON, J., HERSHEY, T., WAGNER, E., TENG, 

C. & LOTTENBERG, S. 1993. Magnetic resonance and positron emission 
tomography imaging of the corpus callosum: size, shape and metabolic rate in 
unipolar depression. J Affect Disord, 28, 15-25. 

WU, J. I., REED, R. B., GRABOWSKI, P. J. & ARTZT, K. 2002. Function of 
quaking in myelination: regulation of alternative splicing. Proc Natl Acad Sci 
U S A, 99, 4233-8. 

WYATT, R. 1991. Neuroleptics and the natural course of schizophrenia. Schizophr 
Bull, 17, 325-351. 

XIONG, L., ROULEAU, G., DELISI, L., ST-ONGE, J., NAJAFEE, R., RIVIERE, J.-
B., BENKELFAT, C., TABBANE, K., FATHALLI, F., DANICS, Z., 
LABELLE, A., LAL, S. & JOOBER, R. 2005. CAA insertion polymorphism 
in the 3'UTR of Nogo gene on 2p14 is not associated with schizophrenia. Mol 
Brain Res, 133, 153-156. 

XU, L., PEARLSON, G. & CALHOUN, V. D. 2009. Joint source based morphometry 
identifies linked gray and white matter group differences. Neuroimage, 44, 
777-89. 

YAKOVLEV, P. & LECOURS, A. 1967. The myelogenetic cycles of regional 
maturation of the brain. In: MINKOWSKI, A. (ed.) Regional Development of 
the Brain in Early Life. Philadephia: F.A. Davis. 

YANG, Y., QIN, W., SHUGART, Y., HE, G., LIU, X., ZHOU, J., ZHAO, X., 
CHEN, Q., LA, Y., LI, X., GU, N., FENG, G., SONG, H., WANG, P. & HE, 
L. 2005. Possible association of the MAG locus with schizophrenia in a 
Chinese Han cohort of family trios. Schizophr Res, 75, 11-19. 

YASAR, A., MONKUL, E., SASSI, R., AXELSON, D., BRAMBILLA, P., 
NICOLETTI, M., HATCH, J., KESHAVAN, M., RYAN, N., BIRMAHER, 
B. & SOARES, J. 2006. MRI study of corpus callosum in children and 
adolescents with bipolar disorder. Psych Res Neuroimaging, 146, 83-85. 

YATHAM, L., LIDDLE, P., SHIAH, I., SCARROW, G., LAM, R., ADAM, M., ZIS, 
A. & RUTH, T. 2000. Brain serotonin-2 receptors in major depression: a 
positron emission tomography study. Arch Gen Psychiatry, 57, 850-858. 

YAZGAN, M. & KINSBOURNE, M. 2003. Functional consequences of changes in 
callosal area in Tourette's syndrome and attention deficit/hyperactivity 
disorder. In: ZAIDEL, E. & IACOBONI, M. (eds.) The Parallel Brain: The 
Cognitive Neuroscience of the Corpus Callosum. Cambridge, Mass: MIT 
Press. 

YOO, S., JANG, J., SHIN, Y., KIM, D., PARK, H., MOON, W., CHUNG, E., LEE, 
J., KIM, I., KIM, S. & KWON, J. 2007. White matter abnormalities in drug-
naïve patients with obsessive-compulsive disorder: a diffusion tensor study 
before and after citalopram treatment. Acta Psychiatr Scand, 116, 211-219. 

YOSHIO, T., MASUYAMA, J., IKEDA, M., TAMAI, K., HACHIYA, T., EMORI, 
T., MIMORI, A., TAKEDA, A., MINOTA, S. & KANO, S. 1995. 
Quantification of antiribosomal P0 protein antibodies by ELISA with 
recombinant P0 fusion protein and their association with central nervous 
system disease in systemic lupus erythematosus. J Rheumatol, 22, 1681-1687. 

YOUNG, R., BIGGS, J., ZIEGLER, V. & MEYER, D. 1978. A rating scale for 
mania: reliability, validity and sensitivity. Br J Psychiatry, 133, 429-435. 

YUCEL, M., STUART, G., MARUFF, P. & AL, E. 2002a. Paracingulate 
morphologic differences in males with established schizophrenia: a magnetic 



 383 

resonance imaging morphometric study. Biol Psychiatry, 52, 15-23. 
YUCEL, M., STUART, G., MARUFF, P., WOOD, S., SAVAGE, G., SMITH, D., 

CROWE, S., COPOLOV, D., VELAKOULIS, D. & PANTELIS, C. 2002b. 
Paracingulate morphologic differences in males with established 
schizophrenia: a magnetic resonance imaging morphometric study. Biol 
Psychiatry, 52, 15-23. 

YUNG, A., MCGORRY, P., MCFARLANE, C. & PATTON, G. 1995. The PACE 
clinic: development of a clinical service for young people at high risk of 
psychosis. Australas Psychiatry, 3, 345-349. 

YUNG, A., PHILLIPS, L., MCGORRY, P. & AL, E. 1998a. Prediction of psychosis: 
a step towards indicated prevention of schizophrenia. British Journal of 
Psychiatry, 173, 14-20. 

YUNG, A., PHILLIPS, L., MCGORRY, P., HALLGREN, M., MCFARLANE, C., 
JACKSON, H., FRANCEY, S. & PATTON, G. 1998b. Can we predict the 
onset of first-episode psychosis in a high-risk group? Int Clin 
Psychopharmacol, 13, s23-s30. 

YUNG, A., PHILLIPS, L., YUEN, H., FRANCEY, S., MCFARLANE, C., 
HALLGREN, M. & MCGORRY, P. 2003a. Psychosis prediction: 12 month 
follow-up of a high risk ('prodromal') group. Schizophr Res, 60, 21-32. 

YUNG, A., PHILLIPS, L., YUEN, H., FRANCEY, S., MCFARLANE, C., 
HALLGREN, M. & MCGORRY, P. 2003b. Psychosis prediction: 12-month 
follow up of a high-risk ("prodromal") group. Schizophrenia Research, 60, 21-
32. 

YUNG, A., STANFORD, C., COSGRAVE, E., KILLACKEY, E., PHILLIPS, L., 
NELSON, B. & MCGORRY, P. 2006. Testing the ultra-high risk (prodromal) 
criteria for the prediction of psychosis in a clinical sample of young people. 
Schizophr Res, 84, 57-66. 

YUNG, A. R., KILLACKEY, E., HETRICK, S. E., PARKER, A. G., SCHULTZE-
LUTTER, F., KLOSTERKOETTER, J., PURCELL, R. & MCGORRY, P. D. 
2007. The prevention of schizophrenia. Int Rev Psychiatry, 19, 633-46. 

YURGELUN-TODD, D., SILVERI, M., GRUBER, S., ROHAN, M. & PIMENTEL, 
P. 2007. White matter abnormalities observed in bipolar disorder: a diffusion 
tensor imaging study. Bipolar Disord, 9, 504-512. 

ZAHAJSZKY, J., DICKEY, C., MCCARLEY, R., FISCHER, I., NESTOR, P., 
KIKINIS, R. & SHENTON, M. 2001. A quantitative MR measure of the 
fornix in schizophrenia. Schizophr Res, 47, 87-97. 

ZAI, G., KING, N., WIGG, K., COUTO, J., WONG, G., HONER, W., BARR, C. & 
KENNEDY, J. 2005. Genetic study of the myelin oligodendrocyte 
glycoprotein (MOG) gene in schizophrenia. Genes Brain Beh, 4, 2-9. 

ZANDMAN-GODDARD, G., CHAPMAN, J. & SHOENFELD, Y. 2007. 
Autoantibodies involved in neuropsychiatric SLE and antiphospholipid 
syndrome. Semin Arthritis Rheum, 36, 297-315. 

ZANETTI, M. V., SCHAUFELBERGER, M. S., DE CASTRO, C. C., MENEZES, P. 
R., SCAZUFCA, M., MCGUIRE, P. K., MURRAY, R. M. & BUSATTO, G. 
F. 2008. White-matter hyperintensities in first-episode psychosis. Br J 
Psychiatry, 193, 25-30. 

ZERVAS, M., DOBRENIS, K. & WALKLEY, S. 2001. Neurons in Niemann-Pick 
type C accumulate gangliosides as well as unesterified cholesterol and 
undergo dendritic and axonal alterations. J Neuropathol Exp Neurol, 60, 49-
64. 



 384 

ZHOU, S., SUZUKI, M., HAGINO, H., TAKAHASHI, T., KAWASAKI, Y., 
NOHARA, S., YAMASHITA, I., SETO, H. & KURACHI, M. 2003. 
Decreased volume and increased asymmetry of the anterior limb of the 
internal capsule in patients with schizophrenia. 54. 

ZILLES, K., ARMSTRONG, E., SCHLEICHER, A. & KRETSCHMANN, H.-J. 
1988. The human pattern of gyrification in the cerebral cortex. Anat Embryol, 
179, 173-179. 

ZIMMERMAN, R., HASELGROVE, J., WANG, Z., HUNTER, J., MORRISS, M., 
HOYDU, A. & BILANIUK, L. 1998. Advances in pediatric neuroimaging. 
Brain Dev, 20, 275-289. 

ZWAIN, I. & YEN, S. 1999. Neurosteroidogenesis in astrocytes, oligodendrocytes, 
and neurons of cerebral cortex of rat brain. Endocrinology, 140, 3843-3852. 

 
 
 


	Walterfang-PhDForReview_Edited_Figs
	Walterfang-PhDForReview_Edited_Figs.2
	Walterfang-PhDForReview_Edited_Figs.3
	Walterfang-PhDForReview_Edited_Figs.4
	Walterfang-PhDForReview_Edited_Figs.5
	Walterfang-PhDForReview_Edited_Figs.6
	Walterfang-PhDForReview_Edited_Figs.7
	Walterfang-PhDForReview_Edited_Figs.8
	Walterfang-PhDForReview_Edited_Figs.9
	Walterfang-PhDForReview_Edited_Figs.10
	Walterfang-PhDForReview_Edited_Figs.11
	Walterfang-PhDForReview_Edited_Figs.12
	Walterfang-PhDForReview_Edited_Figs.13
	Walterfang-PhDForReview_Edited_Figs.14
	Walterfang-PhDForReview_Edited_Figs.15



