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ABSTRACT

Schizophrenia is a severe mental illness that &ffggproximately 1% of the population
worldwide, and which typically has a devastatinigefon the lives of its sufferers. The
characteristic symptoms of the disease includeibi@iétions, delusions, disorganized
thought and reduced emotional expression. Whileyno@the early theories of
schizophrenia focused on its psychosocial foundatimore recent theories have focused
on the neurobiological underpinnings of the dised@bés thesis has four primary aims: 1)
to use magnetic resonance imaging (MRI) to idenhgystructural brain abnormalities
present in patients suffering from their first egle of schizophrenia (FES), 2) to
elucidate whether these abnormalities were stafragressive over the first 2-3 years of
patients’ illness, 3) to identify the relationsluptween these neuroanatomical
abnormalities and patients’ clinical profile, andd identify the normative relationship
between longitudinal changes in neuroanatomy agxtrephysiology in healthy
participants, and to compare this to the relatignsbserved between these two indices

in patients with FES.

The aim of Chapter 2 was to use MRI to identify tieeiroanatomical changes that occur
over adolescence in healthy participants, andeatity the normative relationship
between the neuroanatomical changes and electriofitnyisal changes associated with
healthy periadolescent brain maturation. MR amttebencephalographic (EEG) scans
were acquired from 138 healthy participants betwberages of 10 and 30 years. The
MRI scans were segmented into grey matter (GM)valmte matter (WM) images,

before being parcellated into the frontal, tempgpatietal and occipital lobes. Absolute



EEG power was calculated for the slow-wave, alpithlzeta frequency bands, for the
corresponding cortical regions. The age-relatechgba in regional tissue volumes and
regional EEG power were inferred with a regressimmtel. The results indicated that the
healthy participants experienced accelerated GBl IBEG power loss and WM gain in
the frontal and parietal lobes between the agd® @nd 20 years, which decelerated
between the ages of 20 and 30 years. A lineanoaktiip was also observed between the
maturational changes in regional GM volumes and pB®er in the frontal and parietal
lobes. These results indicate that the periadaoftgmriod is a time of great structural

and electrophysiological change in the healthy hubrain.

The aim of Chapter 3 was to identify the GM abnditiea present in patients with FES,
both at the time of their first presentation to tahealth services (baseline), and over
the first 2-3 years of their illness (follow-up).Rllscans were acquired from 41 patients
with FES at baseline, and 47 matched healthy cbstifjects. Of these participants, 25
FES patients and 26 controls returned 2-3 yeags fat a follow-up scan. The analysis
technique of voxel-based morphometry (VBM) was usetbnjunction with the
Statistical Parametric Mapping (SPM) software pgekia order to identify the regions
of GM difference between the groups at baseline. fEhated analysis technique of
tensor-based morphometry (TBM) was used to idestityjects’ longitudinal GM change
over the follow-up interval. Relative to the heglttontrols, the FES patients were
observed to exhibit widespread GM reductions inftbetal, parietal and temporal
cortices and cerebellum at baseline, as well ag miocumscribed regions of GM

increase, particularly in the occipital lobe. Fertimore, the FES patients lost



considerably more GM over the follow-up intervahithe controls, particularly in the
parietal and temporal cortices. These results atdithat patients with FES exhibit
significant structural brain abnormalities verylgan the course of their illness, and that

these abnormalities progress over the first fewsyehtheir illness.

Chapter 4 employed the same methodology to inwastidne white matter abnormalities
exhibited by the FES subjects relative to the adsiboth at baseline and over the
follow-up interval. Compared to controls, the FESignts exhibited volumetric WM
deficits in the frontal and temporal lobes at baseglas well as volumetric increases at
the fronto-parietal junction bilaterally. Furtherrapthe FES patients lost considerably
more WM over the follow-up interval than did thentwls in the middle and inferior
temporal cortex bilaterally. While there is subsitrevidence indicating that
abnormalities in the maturational processes of mggbn play a significant role in the
development of WM abnormalities in FES, the obsgteagitudinal reductions in WM
were consistent with the death of a select popariadf temporal lobe neurons over the

follow-up interval.

The aim of Chapter 5 was to investigate the clircoarelates of the GM abnormalities
exhibited by the FES patients at baseline. Thenaekiof four distinct cerebral regions
where 31 patients with FES exhibited reduced GMinas relative to 30 matched

controls were calculated and correlated with p#&iestores on three primary symptom
dimensions: Disorganization, Reality Distortion d&l/chomotor Poverty. The results

indicated that the greater the degree of atroplhybéeed by the FES patients in three of



these four ‘regions-of-reduction’, the less seuwbrr degree of Reality Distortion. These
results suggest that an excessive amount of GNplagrmay in fact preclude the

formation of hallucinations or highly systematizglusions in patients with FES.

The aim of Chapter 6 was to identify the relatiopssetween the longitudinal changes in
brain structure and brain electrophysiology exkeiiby 19 FES patients over the first 2-3
years of their illness, and to compare it to themadive relationship between the two
indices reported in Chapter 2. The methodology ewsal for the parcellation of the MRI
and EEG data was identical to Chapter 2. The egudicated that, in contrast to the
healthy controls, the longitudinal reduction in Gilume exhibited by the FES patients
was not associated with a corresponding reductidfEG power in any brain lobe. In
contrast, EEG power was observed to be maintaineglen to increase over the follow-
up interval in these patients. These results wensistent with the FES patients
experiencing an abnormal elevation of neural syormjarSuch an abnormality in neural
synchrony could potentially form the basis of tlysfdnctional neural connectivity that
has been widely proposed to underlie the functideétits present in patients with

schizophrenia.

The primary aim of Chapter 7 was to assimilatefiti@ings from the preceding empirical
chapters with the theoretical framework providethia literature, into an integrated and

testable model of schizophrenia. The model empbadgysfunctions in brain maturation,
specifically in the normative processes of synajptioning’ and axonal myelination, as

playing a key role in the development of disintégtaneural activity and the subsequent



onset of schizophrenic symptoms. The model condwdth the novel proposal that
disintegrated neural activity arises from abnorglaVatiors in the synchrony of synaptic

activity in patients with first-episode schizophigen
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