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Abstract of thesis:

Background: While the aetiology of schizophrenia has yet to be established, genetic liability is currently the most

robust determinant of propensity for the development of schizophrenia, with a risk rate of between 15 and 20% in

first-degree relatives of schizophrenia patients. Unaffected relatives of schizophrenics have shown similar, but
less severe neuropsychological impairments, to those seen in schizophrenia patients, which are stable over time in
individuals beyond the age of risk for the disorder. Such deficits may be reflective of a genetic vulnerability to

the disorder (Byrne et al 2003; (Faraone et al 1999). Declarative memory has emerged as a core cognitive

impairment in schizophrenia (Cirillo and Seidman 2002) and evidence shows functional brain response

differences between patients and controls in frontal, temporal, and parietal areas during tests of memory (Ragland
et al 2004). Nonetheless, it is unclear how far behavioural and functional deficits reflect increased risk, at what

stage, if at all, these deteriorate in those who develop the disorder, or whether pre-morbid impairments in those
who go on to develop schizophrenia could be predictive of psychosis. The Edinburgh High Risk Study recruited
162 individuals (16-25 years) with at least one first or second degree relative with schizophrenia and 43 closely
matched controls. A broad neuropsychological and clinical assessment battery was administered every 18-24
months over 10 years, while participants underwent between 1 and 3 functional magnetic resonance imaging

(fMRI) scans during a verbal memory and executive function task over 5 years. Methods: Baseline predictors of

schizophrenia, performance changes over 2 neuropsychological assessments, and the influence of genetic liability
were examined in high risk participants with (HR+) and without psychotic symptoms (HR-), those who are now

ill (Scz) and controls (C), using one-way ANOVAs and repeated measures ANCOVAs. Aspects of verbal and
non-verbal learning and memory were also compared between the HR and C in the first 100 participants to

undergo a functional MRI scan using one-way ANOVAs. In the same participants, differences between groups in
blood oxygen level dependent (BOLD) fMRI brain responses during an event related verbal encoding (word

classification) and retrieval task were investigated using fixed and random effects general linear models.
Results: On a test of verbal learning at baseline, Scz performed significantly less well than HR However, there
were no significant interactions of time by group, and HR showed stable impairments relative to controls on

immediate and delayed prose recall, delayed list recall and response suppression across both assessments before
and after controlling for IQ. A measure of quantitative genetic liability was inversely correlated with delayed

prose recall over time. HR showed poorer cued delayed recall, and less word retention between short and long

delay recall trials on a verbal learning test. A visual recognition test also significantly discriminated between HR
and C. Behavioural analysis of the fMRI verbal encoding and retrieval task revealed no differences between

groups in reaction time or accuracy. However, during a word classification task (encoding) there was a greater

BOLD response in the right inferior frontal lobe (BA45/44) in HR relative to C and in the right inferior parietal
lobule (BA7/40) in HR+ relative to C and HR-. A greater bilateral cerebellar and left inferior frontal response

was also apparent in HR relative to C, and an increased ventral anterior thalamus response in HR- relative to

HR+, during correct recognition compared to correct rejection responses. Conclusions: Stable differences in NP

performance over time suggest a trait deficit, which is relatively unaffected by the presence ofpsychotic

symptoms and schizophrenia onset, although small numbers might have precluded detection of significant time

by group interactions. Poorer verbal memory performance overall in Scz suggests that this deficit is more

pronounced in those who go on to develop schizophrenia. Non-verbal learning impairments reflect encoding
deficits, while verbal learning impairments reflect encoding and retention difficulties in the HR group. Increased
BOLD response in frontal and cerebellar areas in the HR group could be due to a requirement for greater effort to

perform the task equivalently to C, and may reflect a biological trait deficit in the brains of relatives of

schizophrenia patients. Subtle differences in the inferior parietal lobe between HR+ and HR- and C may be
indicative of state related functional abnormalities, which possibly herald the onset of schizophrenia.
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Brief outline of thesis

Neuropsychological assessment

Chapter 1 is a review of the neuropsychology of cognition in schizophrenia and in biological relatives

of people with schizophrenia, and includes a systematic meta-analytic review of declarative memory

in biological relatives of schizophrenic patients. This is an introduction to chapters 2-5, in which the

methods, results and discussions of investigations 1-4 are presented. Investigation 1 compares

baseline neuropsychological performance in the high-risk group and those who are now ill.

Investigations 2 and 3 analyse performance of these groups and the controls over time, and the

influence of predisposition to psychotic symptoms and genetic liability. Investigation 4 explores

declarative memory and learning in the first 100 participants to participate in a functional MRI-

scanning paradigm. Appendices 1,2 and 3 contain tables and figures to accompany these chapters.

FMRI verbal memory task

Chapter 6 is a review of structural neuroimaging and functional neuroimaging of language and verbal

memory in schizophrenia and close relatives of people with schizophrenia. This is an introduction to

investigation 5, an event-related fMRI verbal memory task in a high-risk and control group. The

methods, results and discussion for this investigation are presented in chapters 7. 8 and 9 respectively.

Appendices 6. 7 and 8 contain tables and figures to accompany these chapters.



Note on terminology

For the purposes of brevity alone, throughout this thesis people with schizophrenia will be described

as schizophrenics, schizophrenic patients or patients. Abbreviations and acronyms for terms used are

included as far as possible under 'Abbreviations and Acronyms', or noted within the text.

Abbreviations and acronyms

AC Anterior cingulate
APFC Anterior prefrontal cortex
BA Brodmann area

BADS Behavioural Assessment of the

Dysexecutive Syndrome
BOLD Blood oxygen level dependent
C Control group
CANTAB Cambridge Neuropsychological Test

Automated Battery
COWA Controlled oral word association

CPT Continuous Performance Test

CSF Cerebro-spinal fluid
CT Computerised tomography
CVLT California Verbal Learning Test
DATs Patients with disease of Alzheimer's

type
Ds Depressed patients
DLPFC Dorsolateral prefrontal cortex
EHRS Edinburgh High-Risk Study
FSIQ Full scale IQ
FE First Episode
fMRI Functional magnetic resonance

imaging
HR High Risk
HR- No psychotic symptoms
HR+ With psychotic symptoms

HSCT Hayling Sentence Completion Test
HVLT Hopkins Verbal Learning Test
IFC Inferior frontal cortex

IPL Inferior parietal lobe
IQ Intelligence Quotient
LTM Long term memory
MMSE Mini-mental state exam

MDs Manic depressed patients
MTL Medial temporal lobes
NART National Adult Reading Test
NP Neuropsychological performance
OCs Obstetric complications
PET Positron emission tomography

PFC Prefrontal cortex

PHG Parahippocampal gyrus
PPL Posterior parietal lobe
RBMT Rivermead Behavioural Memory

Test

RAVLT Rey Auditory Verbal Learning Test
RCFT Rey Complex Figure Test
RT Reaction time

SAT Standard Achievement Test

SE/s.e. Standard error

SD/s.d. Standard deviation
SCZ Schizophrenic patients
SCZaff Schizoaffective disorder patients
SCZfftn Schizophreniform disorder patients

SPECT Single photon emission tomography
STG Superior temporal gyrus
STM Short-term memory
WAIS Wechsler Adult Intelligence Test
WCST Wisconsin Card Sorting Test
WISC Wechsler Intelligence Test for

Children

WMS-R Wechsler Memory Test Revised
WRAT Wide Range Achievement Test
WJ-R Woodcock Johnson Psychological

Educational Battery Revised
TD Thought disorder
VF Verbal fluency
VLFC Ventrolateral prefrontal cortex
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Chapter 1: Literature review- Neuropsychological performance in people with

schizophrenia and their relatives

1.1 Background to schizophrenia

1.1.1 Prevalence and incidence

Schizophrenia is a debilitating and heterogeneous mental condition characterised by disordered

thought, language, behaviour, and social function, and is associated with impairments across a range

of cognitive domains. Considered among the top ten causes of disability in developed countries,

about 1 in 4,000 people can expect to be positively diagnosed within any one year, while over 250,000

people are estimated to be sufferers in Britain at any one time. Although prevalence and incidence

may appear to differ across countries, the World Health Organisation showed comparative profiles of

schizophrenia development, independent of culture and socio-economic status (Source: National

Institute of Mental Health website: http://www.nimh.nih.gov/healthinformation/statisticsmenu.cfiTi,

accessed 11th of June 2004).

The lifetime expectancy of developing the disorder is approximately 1% in the general population, a

risk which increases as a function of the number and proximity of affected relatives, such that there is

a 10% likelihood of development in individuals with one affected first degree relative, and almost 50

% in the monozygotic twin of someone with schizophrenia (McGuffin et al 1995). Genetic

predisposition is therefore the most robust indicator of risk for schizophrenia. However, the less

100% concordance rate emphasises the additional impact of non-genetic factors on the development

of this condition. Current research supports the theory of a neurodevelopmental disorder, apparent

along two dimensions-the combined genetic and environmental continuum, and the maturational

continuum, which continues to impact at various developmental stages throughout life, most notably

in early adulthood, prior to the onset of psychosis (Cannon et al 2003).

The manifestation of a disabling symptomatology normally occurs in late adolescence/early adulthood

and rarely in individuals under ten or over forty-five years old. While the age of onset is typically

earlier in males (peaking in 25 to 34 years age group) than in females (peaking in 35 to 44 years age

group), the incidence of schizophrenia is equivalent across genders (Hafner 1987; Mueser and
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McGurk 2004). This further suggests that although the genes responsible for the divergence of the

sexes early in development may impact on the earlier psychosis onset and the different manifestations

of personality and behaviour deviations in childhood, they do not effect the underlying causes of

schizophrenia (Crow et al 1995).

In most cases, following an insidious onset, schizophrenia will become a chronic condition leading to

life long dependence on welfare services, relatives etc. This, in addition to an uncertain aetiology,

disappointing relapse rates (i.e. 11% relapse per month in patients failing to comply with medication

treatment plans (Brenner et al 1990; Lang 1999); 80% relapse in patients on placebo, and 48% relapse

in those on neuroleptics, followed up over two years (Hogarty et al 1979)), and ineffective treatment

(5-25% of patients do not respond to anti-psychotic medication, while up to 50% fail to comply with

medication treatment plans), makes it a crippling illness for which the cost is high, not only for the

sufferers and their families, but also for the health service. Indeed, 1.6% of the mental health care

budget in this country is ascribed to the management of schizophrenia. This highlights the need for

more effective interventions and clinical management of this disorder (Brenner et al 1990; Lang

1999).

1.1.2 A brief history of the concept of schizophrenia

Interestingly, the manifestation of a condition resembling schizophrenia and anecdotally described as

far back as the Greek era of Hippocrates, is not officially recorded as having existed prior to the 18th

century (Frey 1999). Only during the 19th century were there concerted attempts to account for and

classify this illness (Johnstone 1999). In 1898 Emil Kraepelin expanded the notion of the term

'dementia praecox' to describe the premature mental deterioration he observed in his patients

(Johnstone 1999). By combining three distinct disease entities that shared similar features of early

onset, poor prognosis and experience of psychotic symptoms (hebephrenia, catatonia and the dementia

paranoides), Kraepelin created the new nosological concept of an endogenous independent functional

psychosis. The identification of this cluster of signs and symptoms formed the basis of the

classification of dementia praecox. Although his definition was limited by the varied prognosis of his

patients and a lack of anatomical evidence to indicate an organic basis, Kraepelin believed the
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disorder would reveal itself to be rooted in the pathological changes of the brain's anatomy (Johnstone

1999).

By 1911 the definition of this disorder had been further developed and relabelled by the Psychiatrist

Eugen Bleuler. He described schizophrenia, or splitting (schizein) of the mind (phren i.e. thought,

language and behaviour) from objective reality, as psychological in nature and not marked by early

onset or deterioration of function (Heinrichs 2001). Hallucinations and delusions, which were the

core features of Kraepelin's dementia, were considered secondary to the four primary aspects of

schizophrenia; ambivalence, disturbed associations in thought and language, impaired affect and

autism. Indeed, it was the breadth of the predominantly Bleuler influenced American categorisation

of schizophrenia, in contrast to the narrower and more Kraepelian inspired classification in Europe,

which fuelled the drive for the standardisation of operational definitions of the psychiatric disorders

(Davison et al 2003).

1.1.3 Clinical descriptions of schizophrenia

The birth of the Diagnostic and Statistical Manual of Mental Disorders (DSM) in 1952 heralded the

beginning of this standardisation and is now a significant tool in the classification of mental disorders.

Both the Tenth Revision of the International Classification of Diseases (ICD-10) and DSM-IV define

the characteristic impairments and symptoms associated with schizophrenia, differing only in the time

period of social and occupational dysfunction required in an individual before a diagnosis of

schizophrenia can be made (ICD-10 is one month and DSM-IV is six months) (Mueser and McGurk

2004).

A clinical diagnosis for schizophrenia will be made (after excluding organic brain disorder, substance

abuse disorder, or other disorders associated with psychotic symptoms) based on the identification of

signs (the explicit behaviours observable by the psychiatrist) and symptoms (the strange and bizarre

experiences reported by the patient), two of which must have been present for at least a month, and in

the presence of an apparent decline in social and occupational function for an extended duration of

time (Frey 1999; Frith 1992). DSM-IV schizophrenia subtypes are distinct in their different
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manifestations of diverse symptoms and signs. These types include paranoid (i.e. prominent delusions

and/or hallucinations), disorganised (i.e. disorganised, inventive but incoherent speech and behaviour,

flat affect, anhedonia, avolition), catatonic (i.e. catatonic immobility or exaggerated and bizarre motor

movements), undifferentiated (meets criteria for schizophrenia, but none of the above sub-types) and

residual (no longer meets full criteria for schizophrenia, but still showing some signs of illness)

(Davison et al 2003).

Schizophrenia can be more broadly characterised by the presence of two types of symptom (positive

and negative) and the current notion of schizophrenia symptoms is very similar to that promulgated by

Kraepelin and Bleuler nearly a century ago. Delusions, hallucinations and catatonia continue to be

considered important aspects of the disorder, while disorganised speech is an amalgamation of

Kraepelin's definition of incoherence and Bleuler's concept of loose associations. Negative signs are

inclusive of the impaired affect, autism and ambivalence described by Bleuler (Heinrichs 2001). Kurt

Schneider's nine first rank symptoms of schizophrenia (only one of which is required for diagnosis)

embody the most significant positive features observed in schizophrenia and all include to a certain

extent an element of impaired self-monitoring whereby patients misattribute the generation of the

experience of emotion, sensation, belief or voices to an external agent (Frith 1992). Schneider's

definition of the central schizophrenic features has prevailed in Europe and has significantly

influenced diagnostic criteria for schizophrenia (DSM III), including the Present State Examination-

CATEGO system categorisation of psychopathology (McGee et al 1996; Wing et al 1974).

Major positive symptoms, which include bizarre behaviour, false beliefs (delusions i.e. of reference)

and aberrant perceptual experiences (hallucinations i.e. second and third person auditory

hallucinations), are seen most often in the acute stages of the disease process. They may be seen as

representative of excesses in normal functioning, may fluctuate in severity over time, and according to

some, may be due to hyperdopaminergic activity in the brain, hence responsive to neuroleptic drugs

(Addington 2000; Frith 1992). Crow's type 1 syndrome is associated with positive symptoms, has an

acute onset, optimistic outcome, and good premorbid function. The more pervasive negative signs

(i.e. affective blunting, alogia, apathy and anhedonia) are those which appear to show a detraction
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from normal functioning, are associated with impaired cognition and social functioning, and may

reflect structural brain abnormalities such as ventricular enlargement (Frith 1992; Johnstone 1999).

Crow's type 2 syndrome is characterised by negative, drug resistant symptoms, an insidious onset with

poor pre-morbid function and a pessimistic prognosis (Addington 2000). More recently studies have

used the dichotomy of deficit (predominantly negative symptomatology) and non-deficit

(predominantly positive symptomatology) patients (Carpenter 1992). However, given that most

patients display both negative and positive symptoms, a clear-cut distinction between the two types is

problematic. Furthermore, the results of factor analytic studies have suggested that the two

dimensional model is insufficient and has therefore been challenged by Liddle's three factor model,

which splits positive symptoms into the two dimensions of disorganisation (thought disorder) and

reality distortion syndrome (florid psychotic symptoms) plus psychomotor poverty (mainly negative

symptoms) (Addington 2000; Davison et al 2003).

The diagnosis of schizophrenia is reasonably stable (except just after illness onset) and 21-30% of

individuals treated in their first episode of schizophrenia do not relapse within the first five years

(Mueser and McGurk 2004). However, the diagnostic process is open to subjectivity and the lack of

an established aetiology for schizophrenia makes psychiatric diagnosis difficult and susceptible to

error (Frith 1992). Indeed, the variability in its presentation, prognosis, and by reasoning biological

basis, continues to obfuscate an understanding of the aetiology of the disorder.

1.2 Cognition in schizophrenia

Although not embodied in clinical descriptions of the disorder, schizophrenia is also characterised by

cognitive dysfunction. Historically, Kraepelin and Bleuler considered neuropsychological functioning

such as memory to be relatively preserved in schizophrenia, and while Bleuler noted intellectual

abilities to be occasionally altered, this was reported to be a consequence of psychological disturbance

and not an underlying dementia. Kraepelin ascribed functional decrements in emotional decisions,

volitional judgement and motor ability (defined as 'higher intellectual abilities') to the frontal cortex,

whilst language and perceptual disturbances were attributed to aberrations in the temporal lobes.
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These first postulations on brain disease and functional localisation remain current today (Andreasen

et al 1986; Goldberg and Seidman 1991; McKenna et al 2002; Palmer 2000).

'On various grounds it is easy to believe that the frontal cortex, which is especially developed in man,

stands in close relation to his higher intellectual abilities...which in our patients invariably suffer

profound loss' (Kraepelin as cited in (Goldberg and Seidman 1991).

Over the past fifty years neuropsychological assessment of patients with schizophrenia has provided

evidence of both intellectual impairment and deficits across a diverse range of cognitive domains

including motor and spatial ability, attention, executive function, language, learning and memory

(Bilder 1996; Heinrichs and Zakzanis 1998). Such an array of deficits coincidentally implicates

dysfunction in an equally wide range of brain networks including the frontal, temporal and parietal

lobes and the cerebellum.

The purpose of the following review is to present and discuss evidence for cognitive deficits across

functional domains in schizophrenia and the nature of their developmental course. Furthermore,

evidence from follow-back and birth cohort studies allows for a review of general cognitive and

intellectual deficits occurring in premorbid schizophrenia, giving further clues as to the timing of

development of such deficits and their relationship to the phenotypic expression of the disorder. Due

to the magnitude of research investigating neuropsychological deficits in schizophrenia, this review is

not exhaustive, but attempts to broadly reflect the general findings of studies in this area. Tables 1A-

1D in Appendix 1 detail the main studies concerning neuropsychological function in schizophrenia

reviewed below.

1.2.1 Intellectual function

Intelligence testing was originally introduced as a means of aiding schools in the identification of

children at the extremes of intellectual ability (Brody 1992). The contemporary intelligence quotient

or IQ is therefore a standardised score of a hypothetical general intellectual ability based on the

combined level of performance across a range of functions including language, visuo-spatial skills,
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abstract thinking, problem solving, non-verbal reasoning, attention and speed of processing (Davison

et al 2003; Wechsler 1981). However, it should be noted that although the conceptualisation of

intelligence as a unitary phenomenon improves the ability to measure and quantify intellectual ability,

aggregated scoring leads to the loss of performance information accrued on individual and

functionally distinct sub-tests (Lezak 1995). Intellectual ability is essentially multifactorial and as a

derived score used in a clinical capacity can be misleading. Levels of education or previous

vocational achievements may be more informative benchmarks against which to compare past with

present cognitive ability (Lezak 1995). Furthermore, investigation of individual domains of function

may allow for a more complete understanding of the discrete brain networks affected in

schizophrenia. Nonetheless, the evidence for 'intellectual dysfunction' in schizophrenia will be

considered separately from the other cognitive domains of function (i.e. executive function, attention

and memory), but as an indicator of 'general cognitive function', which encompasses all levels of

cognitive ability.

1.2.1.1 General cognitive function

Intellectual impairment in schizophrenia is a fairly ubiquitous finding and a proliferation of studies

demonstrates significantly lower intelligence test performance in both early and late onset

schizophrenia patients when compared to normal controls (Aylward 1984; Nelson et al 1990). Indeed,

Payne et al (1960) reviewed 28 studies of over 1,000 schizophrenia patients and reported a deficit of at

least 10 points below the general population mean (as cited in (Russell et al 1997)). Heinrichs et al

(1998) also reported a considerable effect size of 1.24 for a Wechsler Adult Intelligence Scale-

Revised (WAIS-R) measure of general intellectual ability based on 35 studies of schizophrenia

patients and controls and an even larger effect size of 1.46 for performance IQ. Furthermore, the

WAIS-R effect size was a greater and more reliable estimate than those derived from non-WAIS-R IQ

tests (i.e. Shipley, Quick test, National Adult Reading Test (NART); d=0.63) or verbal IQ (d=0.98)

(Heinrichs and Zakzanis 1998). This is possibly due to the briefer and less comprehensive nature of

the latter tests, and the NART emphasis on verbal knowledge, an aspect of crystallised intelligence,

which may be preserved in schizophrenia (O'Carroll et al 1992). However, the variability in

performance of schizophrenia patients on tests of general intelligence and the findings of non-
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significant differences in general intelligence between schizophrenia patients and controls, suggests

the existence of sub groups of patients who are high functioning and do not display the widely

reported intellectual deficits associated with the disorder.

1.2.1.2 Preserved intellect and impaired neuropsychological performance in schizophrenia

The evidence for schizophrenia patients who show preserved general intellectual ability in the

presence of pervasive neuropsychological deficits implies that schizophrenia may not be characterised

by global dysfunction, but by selective deficits in specific cognitive domains (Badcock et al 2004).

Elliot et al (1998) reported widespread neuropsychological deficits in 12 schizophrenia patients with

preserved intellectual ability (i.e. WAIS IQ greater than 90 points and less than 10 point difference

with NART estimated premorbid IQ) relative to 12 matched controls (Elliott et al 1998). Similarly,

Badcock et al (2005) identified three distinct groups of schizophrenia patients based on their

intellectual performance on the NART (an estimate of premorbid IQ) and the Shipley Institute of

Living Scale (from which a reliable estimate of WAIS-R full scale current IQ is derived). Patients

with preserved intellect (i.e. less than a 10 point difference between premorbid and current IQ)

showed deficits in speed of information processing (i.e. using an inspection time task) equivalent to

those in patients with deteriorated (i.e. greater than 10 point decline from premorbid to current) and

compromised intellects (i.e. premorbid and current IQ less than 90 points, without evidence of

decline). Moreover, although patients with preserved intellect showed superior performance on tests

of memory, attention and executive function to the other two groups, they still performed significantly

worse than a control group (Badcock et al 2005). Kremen et al (2001) also showed equivalent levels

of neuropsychological impairment in schizophrenia patients in groups of both high (95-119 points)

and low average IQ (81-94 points) based on an estimate from four sub-tests of WAIS-R. The

performance impairment in patients with normal intellectual ability was large relative to that which

might be expected for their level of IQ (i.e. in the controls matched for IQ level) (Kremen et al 2001).

Finally, Weickert et al (2000) identified average premorbid IQ without decline in 25% of a sample of

117 schizophrenic patients. This group showed similar performance to normal controls, but greater

perseveration (Wisconsin Card Sorting Test) and reduced attention (Continuous Performance Test).

The consistently intellectually impaired group (25%) showed attention, executive function, memory
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and language deficits while the intellectually declining group (51%) showed deficits in the same areas

except language processing (i.e. Boston naming test) (Weickert et al 2000).

The importance of preserved general intellectual ability has not yet been established, although it has

been postulated that high levels of geneial intelligence may be a protective factor foi the development

of schizophrenia by providing greater reserves of cognitive capacity and enabling more efficient

strategies for coping with psychosis. This is not reconcilable with the findings of Badcock et al

(2005), in that slowed information processing speed in a preserved intellect patient group implies

reduced reserves of capacity equivalent to patients with both impaired and deteriorated intellect.

Alternatively, impaired and unimpaired general intellectual ability groups could be on different levels

of a continuum of disease severity, or more importantly could be representative of aetiologically

distinct forms of the disorder (Holthausen et al 2002). Murray et al (1987) have suggested that

cognitively impaired patients exhibit indicators of a neurodevelopmental disorder, with early onset

and poor prognosis, whereas cognitively intact patients may show less evidence of premorbid deficits

or cognitive decline (Murray and Lewis 1987).

1.2.2 Attention

Kraepclin and Blculcr idontified 'loose associations' and inadequate maintenance of trains of thought

in schizophrenia. This has been cited as the first reportage of an attention deficit in schizophrenia.

Researchers since then have assumed impaired information processing to be the underlying causal

feature of cognitive impairment in schizophrenia (Neuchterlein et al 1991). Although often described

as a mediator in all aspects of cognitive function (i.e. a sensory gate and a capacity for processing), the

concept of attention is difficult to define and for this reason has been frequently classified under the

umbrella term of executive function.

Alertness or vigilance is understood to represent the ability to maintain a readiness to respond

promptly and is typically measured by simple reaction time tasks. Sustained attention is the ability to

maintain alertness over longer periods of time and is generally assessed using the Continuous

Performance Test (CPT), during which participants are presented with a continuous stream of stimuli
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and required to respond to selected target stimuli while ignoring all others (Lezak 1995). Selective

attention is the ability to filter and focus on relevant information while suppressing awareness of

possible alternatives and is also measured by some versions of CPT, the response suppression

condition of the Stroop Colour Word Test and the Trail-making Test (parts A & B) (Lezak 1995).

Some aspects of complex attention can be considered as forms of executive control and arc therefore

included under tests of executive function, for example, divided attention, which involves responding

to more than one mental task at a time, and switching of attention, which is the capacity to alternate

between modalities, normally measured by the Wisconsin Card Sorting test (WCST) and the Trail-

making Test (part B).

1.2.2.1 Alertness and processing speed

In a review of attention and information processing in schizophrenia, Neuchterlein and Dawson

(1984) concluded that in tests of simple reaction time, schizophrenia patients (across diagnostic

groups) were slowed relative to controls. This general slowing of processing speed has also been

reported in other psychiatric groups (i.e. bipolar disorder) and therefore may not be a disease specific

deficit. Using early descriptive terms, 'Process' (cf. endogenous) schizophrenia patients were thought

to specifically show a 'cross over pattern', such that reaction time to regular preparatory intervals

became slower than reaction time to irregular intervals, as irregular intervals increased in time

(Neuchterlein and Dawson 1984). Ngan et al (2000) showed that patients with a 'persistent'

schizophrenic illness were slower on a reaction time task than those patients with a 'fluctuating' illness

and controls, and is provided as evidence of a deficit associated primarily with negative symptoms

(i.e. psychomotor poverty) (Ngan 2000). Maier et al (1994) showed drug free schizophrenia patients

to perform less well relative to controls and their healthy siblings on a simple reaction time task and

displayed both a cross-over and cross-modality effect not apparent in the control group (although

healthy siblings showed a cross-over effect which may be a putative vulnerability marker for

schizophrenia) (Maier et al 1994).

General slowing of processing has frequently been interpreted as evidence for a limited attentional

capacity in schizophrenia, hence responsible for deficits across various cognitive tasks, such as the
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effectiveness of maintenance and rehearsal in working memory or verbal fluency (Brebion et al 2000;

Vinogradov et al 2003). Nelson et al (1990) showed schizophrenic patients to have slower motor and

cognitive speed than controls, with cognitive speed being correlated with negative symptoms. Lussier

et al (2001) tested for alertness using a simple reaction time task and showed drug naive schizophrenia

patients to respond more slowly than controls, suggesting that this is not a by-product of anti¬

psychotic medication (Lussier and Stip 2001). Brebion et al (1999), showed that schizophrenia

patients were impaired in maintaining a list in a sequential manner and that processing speed was

significantly correlated with the number of items recalled in a superficial and deep encoding task

(Brebion et al 1999; Brebion et al 2000). Indeed, after controlling for processing speed (by co-varying

for WAIS Digit Symbol performance and Stroop Colour Word Test -naming response time) the

differences between patients and controls in both digit and word span lost significance. Elaborating

on this result, Brebion et al (1999) suggest that as a result of slowed processing, items will be

refreshed less often in Baddeley's hypothetical phonological loop, thus affecting the quality of

rehearsal and later recall (Brebion et al 2000). Lussier et al (2001) also tested for online information

processing, defined similarly as a measure of Baddeley's hypothetical phonological loop component

of working memory, with the serial recall of an increasing number of items. They demonstrated the

recall of fewer items by drug naive patients than by controls for both digits and words. Although

included as a measure of attention, the authors present this as evidence for a deficient articulatory loop

system of working memory (Lussier and Stip 2001). However, Lezak (1995) asserts that processing

speed and attention may be related but conceptually separate phenomena, such that 'underlying many

patients' attentional disorders is slowed processing'. Processing speed may therefore only be valuable

where it serves as a means of understanding the nature of associated attentional deficits (Lezak 1995).

1.2.2.2 Selective attention

The trail-making task part A involves the joining up of randomly scattered numbers in ascending

order and is a basic measure of perceptual motor speed. Part B involves the same task but with the

added condition of alternating sets, with letters which have to be joined consecutively after each

number. Schizophrenia patients have demonstrated slower performance on both parts of the trail-

making task when compared to healthy controls (Saykin et al 1994) or exclusively on part B (Jeste et
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al 1995; Palmer 2000), although other studies have shown no such differences (Hoff et al 1992b). In a

quantitative review of neuropsychological function in schizophrenia, Heinrichs and Zakzanis (1998)

cited effects sizes of 0.95 for trail-making A and 1.07 for the more difficult trail-making B based on

the results of 12 and 15 studies respectively, suggesting that task load or difficulty manipulated in one

test results in larger effect sizes for the more demanding test aspect. However, the difference in

performance between the two aspects of this test was not greater than that for attention measures alone

(Heinrichs and Zakzanis 1998).

Heinrichs (2001) additionally reported that in studies comparing patients and controls, the identical

pairs CPT version yielded an effect size of 1.21, whereas studies using the degraded stimulus CPT

version showed a size of 0.84. The author postulates that due to the variety of CPT versions available,

a reliable estimate of performance on this test across studies is difficult to achieve (Heinrichs 2001).

Buchanan et al (1997) demonstrated significant differences in performance on the CPT degraded

stimulus version between deficit and non-deficit schizophrenia patients and concluded that deficit

forms of the disorder could be characterised by impaired visual processing and attention (Buchanan et

al 1997). Neuchterlein and Dawson (1991) have conceded that deficits on tests of selective and

divided attention in schizophrenia could be interpreted as a consequence of a weak supervisory

attentional system rather than a limited capacity attentional system, with 'a difficulty in initiating a

predesignated response for each detected target' (Neuchterlein et al 1991). This suggests that the

ability to allocate rather than sustain attention may be at the core of this deficit.

1.2.2.3 Control of attention in memory tasks

Researchers have chosen to control for the effects of attention in cognitive performance by co-varying

for those tests purporting to measure attention (e.g. Saykin et al (1994), using the CPT vigilance score;

Seidman et al, (1998) using WAIS Digit span, block design and vocabulary, Gold et al (1995) using

the WMS attention index); by matching groups on measures of attention (e.g. Rushe et al (1999) using

the auditory digit span and corsi blocks (visuo-spatial span)); by correlating memory scores with

scores on tests of attention (e.g. Binder et al (1998) and Brebion et al (2000)), and by varying the

attentional demands of the task (e.g. Gold et al (1992), effortful versus automatic processing) (Binder
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et al 1998; Brebion et al 2000; Gold et al 1995; Gold et al 1992a; Rushe et al 1999; Saykin et al 1994;

Seidman et al 1998). However, the persistence of impairments (specifically in memory with regards

the studies indicated above) in spite of controlling for any differences in attention, suggests that this

may be a deficit which overlaps with affected memory processes, but is not exclusively responsible

for them (Gold et al 1992a; Rushe et al 1999; Saykin et al 1994; Seidman et al 1998).

1.2.3 Executive Function

Executive function is a modern day construct, which emerged as a means of defining a wide range of

elusive higher order skills loosely associated with the frontal lobes. However, the move away from

theories of functional localisation and towards those of functional segregation and connectivity has

reduced the emphasis on the construct's link specifically to the frontal cortex, allowing for a more

contemporary focus on frontal cortical-subcortical circuits (Lezak 1995; Palmer 2000). Lezak (1995)

briefly defines executive skills as 'capacities that enable a person to engage successfully in

independent, purposive, self serving behaviour' (Lezak 1995).

Baddeleys term 'dysexecutive syndrome' defining the collection of deficits associated with the frontal

lobe system, such as perseveration and lack of volition (Baddeley 1990), may contribute in some way

to a more comprehensive understanding of those skills which are considered executive in nature

(Evans et al 1997). Baddeleys model of working memory incorporated the concept of a central

executive responsible for the regulation of both the visuo-spatial sketchpad and the phonological loop

(Baddeley 1992). The central executive is equally well described by Norman and Shallice's

hypothetical model of the limited capacity Supervisory Attentional System (SAS) (Norman 1986).

They asserted that the majority of human behaviour was habitual, schemata driven and cued by the

environment. However, for unexpected situations requiring a novel non-habitual response, the SAS

must intervene. It is therefore integral in the control of action in instances involving new responses,

(i.e. shifting response mode), the inhibition of old responses, planning, strategising and decision¬

making.
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There are considerable overlaps in descriptions of aspects of attention, current conceptions of working

memory and executive function. Indeed, performance on a delayed matching to sample memory task

and on a test ofverbal working memory (sentence span), has been shown to be significantly correlated

with performance on aspects of the Wisconsin Card Sorting Test (WCST) in schizophrenia (Hartman

et al 2003; Morice and Delahunty 1996), although the lack of a significant correlation between the

WCST and working memory performance, as measured by a visuo-spatial working memory task and

WAIS digit span forwards and backwards, has also been reported (Stratta et al 1997).

Until the mid 1980's impairment in executive function in schizophrenia was largely ignored.

However, with the advent of neuropsychological tests devised to tap functions ascribed to the frontal

lobes, interest in frontal functioning was renewed. Such tests considered to be sensitive to frontal lobe

lesions have been used with schizophrenia patients in order to demonstrate frontal lobe related

deficits, including the Wisconsin Card Sorting Test (WCST), the Tower of London, the Behavioural

Assessment of the Dysexecutive Syndrome (BADS), the Cambridge Automated Neuropsychological

Test Battery (CANTAB, i.e. Stockings of Cambridge and ID/ED shift), the Hayling Sentence

Completion test (HSCT), the Stroop Colour Word Naming Test and verbal fluency. In effect, our

current appreciation of what executive function involves has been operationalised through the

application of these tests.

1.2.3.1 Cognitive shifting

Cognitive shifting or flexibility is the ability to switch attention between sets, often in adherence to a

rule. A failure to switch between sets results in perseveration, which describes the action of being

stuck in a category set or mode of responding. This is measured by, for example, the WCST (i.e.

perseveration), the BADS (i.e. card rule shift) and CANTAB (i.e. ID/ED shift).

There is a proliferation of studies investigating WCST performance in schizophrenia, which requires

the sorting of playing cards that differ along three dimensions of element shape, number and colour.

Participants must infer the sorting principle through trial and error, based on the feedback on accuracy

after each response. After the completion of a category (10 consecutive correct responses), the
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examiner must 'covertly1 change the sorting principle. The most common performance scores derived

from this test include perseveration number (being stuck in a category or mode of responding) and

total categories completed (ability to shift sets or switch attention) (Lezak 1995; Palmer 2000). A

large number of these studies have demonstrated poorer performance of schizophrenic patients on the

WCST relative to controls (Beatty et al 1993; Bilder et al 2000; Blanchard and Neale 1994; Hoff et al

1992b; Kenny et al 1997; Morice and Delahunty 1996; Nathaniel-James et al 1996; Stratta et al 1997).

However, Bellack et al (1990) showed preserved performance in schizophrenics on the WCST, after

receiving feedback and rehearsal, which was also demonstrated on a subsequent testing occasion.

Saykin et al (1994) also showed abstraction to be the least impaired aspect of cognition in a sample of

patients (Bellack et al 1990; Saykin et al 1994). Heinrichs and Zakzanis (1998) showed an effect size

of 0.95 for executive function as assessed by the WCST across 43 studies (Heinrichs and Zakzanis

1998), while a recent meta-analysis of 29 studies showed large effect sizes for categories achieved,

medium effects sizes for the absolute level of perseveration and small effect sizes for the proportion of

perseverative errors (Laws 1999). This pattern of results suggests that patients have difficulty in using

feedback and error monitoring to alter their responses, a putative indication of ineffective prefrontal

cortex function. However, this deficit may be reversible, given adequate instruction and feedback.

Evans et al (1997) showed both schizophrenia and brain injured patients (mainly anterior

frontal/temporal lesions) to be impaired relative to healthy controls on the BADS, which consists of

six tests (Rule shift cards, Action program, Key search, Temporal judgement, Zoo map and Modified

six elements) and a questionnaire. A subset of the schizophrenia patients showing discrepancies

between the NART and WAIS IQ of less than 15 points (and hypothesised as evidence of preserved

IQ) were also matched for IQ with a group of controls and performance compared on the BADS.

Differences between patients and controls remained evident despite equivalent levels of general

intellectual ability (and no correlation with performance on the RBMT) suggesting that executive

deficits were in fact independent of intellectual and memory performance (Evans et al 1997). This is

in contrast to Laws' (1999) assertion that the greater deficit in WAIS-IQ relative to WCST

impairments was indicative of a global deficit, to which executive function was secondary (Laws

1999).
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Elliott et al (1995) showed a group of chronic schizophrenic patients to be significantly impaired on a

computerised test of attentional set. Deficits were apparent on a 'stuck-in-set' perseveration condition

(failure to shift attention from a previously relevant dimension), but not a 'recurrent' perseveration

(failure to shift attention to the previously irrelevant condition). Given that working memory demands

on both aspects of this task were equivalent, this does not support the view of a working memory

impairment being core to executive dysfunction in schizophrenia. Similarly, the same deficit pattern

was apparent in a group of patients with preserved intellectual capacity and in the whole patient group

independent of poor recognition memory performance. This further suggests that this deficit is not

attributable either to memory or intellectual ability impairment, but is indicative of a specific type of

perseveration difficulty in schizophrenia, similar to that measured by the WCST (Elliott et al 1995).

This finding is supported by a later study showing a lack of correlation between WCST and working

memory performance. The authors assert that although constructs such as working memory and

attention may be required as part of this task, core executive functions played a greater role in the

successful completion of the task, such as goal directed behaviour, planning, strategising and using

context to facilitate top down processing of information (Stratta et al 1997). Hutton et al (2002) used

a novel computerised decision making task (derivation of a card gambling task), considered sensitive

to orbito-frontal dysfunction, to compare chronic schizophrenic patients, first episode schizophrenic

patients and controls. Both patient groups were slower in decision making responses and in adjusting

betting responses relative to controls, while chronic patients also made fewer optimal adjusted betting

responses than first episode patients.

Indeed, although characteristic of schizophrenia, cognitive set shifting may be a feature more

prevalent in chronic than first episode patients. Using the CANTAB, attentional set shifting was

shown to be more severely impaired in chronic patients than in first episode patients (Hutton et al

1998; Joyce 1999; Saykin et al 1991) and evidence also suggests a deterioration in this domain over 1

year in first episode patients (Joyce 1999). These findings may indicate a change in this area of

executive performance over time, which could be related to long term medication, chronicity, duration

of illness or neuropathological changes over time (Hutton et al 2002).
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1.2.3.2 Planning

Forward planning is an executive function essential to the completion of complex tasks (Morice and

Delahunty 1996). The Tower tests and their variants, such as the stockings of Cambridge, emphasise

usage of executive functions such as planning and strategy formation abilities in the process of

deciding where to move next. Participants are scored on the number of moves required to complete

the task, and the time in which it is completed (Lezak 1995). Some studies have shown poorer

performance in schizophrenia patients when compared to controls on the Tower tests (Andreasen et al

1992; Morice and Delahunty 1996), whereas others have shown no such differences (Goldberg et al

1990). Performance on the Woodcock-Johnson Test of Fluid Intelligence, also involving concept

formation using categorical reasoning, was shown to be unaffected in schizophrenia (Binks and Gold

1998). First episode patients, while showing intact attentional set shifting, show similar deficits to

chronic patients in forward planning, as measured by CANTAB (Hutton et al 1998; Joyce 1999).

1.2.3.4 Inhibition of response

Response inhibition is also a form of complex attention, requiring the selection of relevant stimuli

while suppressing additionally activated stimuli considered irrelevant. The Stroop Colour Word Test

requires the timed naming of the colour of ink words have been printed in, whilst suppressing a

response to read the words themselves, which are names of colours. This briefly assesses selective

attention and inhibition of response through quantification of time taken and errors made during trials.

Perret (1974) showed that lesions of the left frontal lobe impacted negatively on the ability to suppress

automatic or habitual response during the Stroop test (Laws 1999). A review of studies addressing

Stroop performance differences between schizophrenia patients and controls revealed a slower speed

and greater number of errors during the response suppression condition in schizophrenics relative to

controls, suggesting that their ability to inhibit response and selectively attend to the stimuli was

impaired (Perlstein et al 1998). Heinrichs and Zakzanis (1998) also reported a large effect size of 1.22

based on only 6 studies comparing the Stroop test interference condition performance of

schizophrenia patients and controls (Heinrichs and Zakzanis 1998).
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1.2.3.5 Verbal Fluency

The Verbal Fluency tests are commonly reported to be associated with the cognitive measures of

executive function because they require goal directed behaviour, initiation and a switching between

clusters (i.e. between clusters of related words within a category during category fluency). Test

performance has also been shown to be improved in Alzheimer's and Parkinson's disease patients

through the provision of external cues to guide task related behaviour, while processing speed impacts

on the amount of words produced, regardless of effectiveness of set shifting and retrieval (Van Beilen

et al 2004).

The letter or phonological fluency test requires participants to generate words beginning with specific

letters (usually F, A and S), and may be dependent on the left pre-frontal and inferior parietal cortex,

while the semantic or category fluency test requires participants to generate exemplars of specified

categories (e.g. four legged animals), and is dependent on the integrity of frontal and temporo-parietal

regions (Bokat and Goldberg 2003). Neuroimaging in normal controls has also shown the activation

of the dorsolateral prefrontal cortex coincident with the deactivation of the superior temporal gyrus

during tests of orthographic fluency (Frith et al 1995). Heinrichs and Zakzanis (1998) showed an

effect size of 1.39 for word fluency alone (semantic fluency performance was not reported separately),

which after effect sizes on measures of global verbal memory, bilateral motor performance,

performance IQ and CPT (all corrected for sample size), was one of the largest effect sizes of 18

measures of cognition, based on 29 studies comparing schizophrenia patients and controls (Heinrichs

and Zakzanis 1998).

Although both tests share a similar measure of goal directed behaviour with a planned search and

generation of words, semantic fluency differs in that it necessitates a search of the lexicon where

words are stored based on their shared semantic as opposed to phonemic properties. Controls have

been shown to find the semantic fluency task easier than phonological fluency, possibly due to the

greater depth of processing associated with initial encoding of words based on meaning compared to

phonology. Indeed, Bokat and Goldberg (2003) assert that this may result in this task being

performed automatically (Heinrichs and Zakzanis 1998).
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Conversely, schizophrenia patients have consistently demonstrated poorer performance on semantic

relative to phonological fluency tests (Bokat and Goldberg 2003). Similarly, early onset first episode

adolescent patients have been shown to perform poorly relative to controls on semantic fluency but

demonstrate intact phonological fluency (Phillips et al 2004). This has previously been attributed to a

depleted semantic store (Chen et al 2000a), a disorganised semantic store (Goldberg et al 1993;

Gourovitch et al 1996) or a difficulty in retrieving material from the semantic store (Allen et al 1993).

Chance et al (2002) showed early-onset schizophrenic patients to have less effective conceptual

boundaries and less logical dimensions to their semantic memories (Phillips et al 2004).

Nonetheless, evidence suggests that the semantic store is not reduced in schizophrenia (Allen et al

1993; Elvevag et al 2002). Allen (1993) showed patients to produce less exemplars across five trials

relative to controls, but that the total number of exemplars generated did not differ between groups.

Similarly, using a category fluency-switching task, both Van Beilen et al (2004) and Elvevag et al

(2002) showed patients to produce fewer words and make more errors, but that the number of items

per cluster did not differ between patients and controls (Elvevag et al 2002; Van Beilen et al 2004).

Elvevag et al (2002) asserted that the increased reaction time between cluster switches in patients

might reflect a general slowness of processing. Similarly, Van Beilen et al (2004) showed

psychomotor speed to predict verbal fluency performance in patients, unlike control participant

performance, which was predicted by memory and executive functioning. A reduced word production

in patients relative to controls could therefore be attributed to a general slowness of processing, which

might result in a trade off between the amount of time spent switching between clusters and that spent

retrieving words (Van Beilen et al 2004). Other authors have further suggested that the increase in

time required to move through related nodes in the semantic network may be due to a failure of

spreading activation in associated nodes, although Vinogradov et al (2003) showed an independence

of semantic network organisation and psychomotor speed (Vinogradov et al 2003). Conversely,

increased time has also been ascribed to the impaired inhibition of the irrelevant exemplars activated

(Bokat and Goldberg 2003). In some ways therefore, while semantic fluency deficits could be
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considered evidence for an ineffective semantic memory system, they may also be due to both

executive deficits and a general slowness of processing impacting on patient performance on this task.

1.2.3.6 Selective deficit of executive function

With respect to attempts at identifying a selective executive function deficit in schizophrenia, Laws

(1999) stressed that 50% of those executive function studies reviewed failed to incorporate tests of a

non-executive nature. This makes the demonstration of executive dysfunction as a selective deficit

unlikely. Additionally, the demonstration of the specificity of a test deemed to be sensitive to the

functional domain under scrutiny is vital. The evidence indicating that tests such as the WCST show a

specific association with the frontal lobes is weaker than previously thought and while lesion studies

provide evidence of a sensitivity of such tests to the frontal cortex, they are by no means specific

indicators of frontal dysfunction (Laws 1999; Reitan and Wolfson 1994). Indeed, although frontal

activations have been demonstrated in controls during the Tower of London tasks (Andreasen et al

1992; Morris et al 1993; Schall et al 2003) and during the WCST, functional neuroimaging has also

shed light on the diversity of activations associated with tasks of executive function. PET and fMRI

studies with normal participants administered the WCST, show extensive activations outside of the

dorsolateral prefrontal cortex including the orbitopolar cortex, inferior parietal lobule, inferior

temporal cortex and cerebellum (Berman et al 1995; Schall et al 2003; Van Horn et al 1996). The

tentative nature of inference based on those tests, which are now used to operationally define the

behaviour in question, must be kept in mind. Indeed, the diversity of tasks applied which superficially

assess the same executive skills, may in fact be recruiting both overlapping and distinct parts of the

brain during processing (Laws 1999). Finally, the point is made that not all schizophrenic patients

perform poorly on tests of executive function. This is an accepted consequence of the heterogeneity

commonly shown in schizophrenia and perhaps strengthens the case for investigation of symptom

profiles or indeed single cases, in relation to neuropsychological deficits, due to the unlikelihood of

there being a ubiquitous cognitive marker for schizophrenia as a whole (Frith (1999)-commentary on

(Laws 1999)).
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1.2.4 Memory

1.2.4.1 Introduction to memory in schizophrenia

The literature concerning memory performance in schizophrenia has been quantitatively reviewed in

two major papers within the last ten years (Aleman et al 1999; Heinrichs and Zakzanis 1998). Both

reviews concluded that memory was a pervasive deficit in schizophrenia, but did not fully address the

precise nature of the impairment. Cirillo and Seidman (2003) attempted with more success to qualify

this deficit by breaking down the function of memory into encoding, storage and retrieval processes,

while at the same time considering extraneous factors such as age, medication, symptoms, attention

and intelligence as potential confounds of memory performance in this disorder. Although these

additional factors influenced memory performance, they did not fully account for the extent of the

deficit demonstrated. They concluded that the memory impairment in schizophrenia could be mainly

attributed to acquisition deficits, with forgetting rates less severe than those present in individuals

suffering from amnesia (Cirillo and Seidman 2003). A more recent meta-analysis has compared

studies of item and associative recognition in schizophrenia and controls, and found greater effect

sizes for associative compared to item recognition, implying a deficit in conscious recollection as

opposed to recollection supported by familiarity (Achim and Lepage 2003). This may further suggest

that the memory 'binding' process, which brings together contextually several aspects of an event and

may occur during the information acquisition and later during recollection, could be ineffective in

schizophrenia. Based on the reviews mentioned above and an individual investigation of the literature

concerning memory in schizophrenia, I will attempt to consolidate these findings and present an

overview of those aspects of memory functioning especially impaired in schizophrenia (see Table 1A

& IB in Appendix 1).

1.2.4.2 Non-declarative memory

Implicit memory or non declarative memory reflects the unconscious processes of learning and

memory, also referred to as incidental memory and is responsible for experimental priming effects,

where the presentation of a word followed by the presentation of fragments of that word or word stem

will lead to the production of that word based on the availability of some of the previously presented

words' physical characteristics (i.e. word stem completion tasks). This is an effect that is obviously
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reliant on the physical attributes of a stimulus and is evident across modalities. It reinforces the idea

that activation of a word leaves a form of 'neural residue' and will increase the speed and chance of

that word being accessed again among other possibilities (Baddeley 1995). Non associative learning,

classical conditioning, habit formation and continuous procedural skills such as riding a bike and

discontinuous skills such as typing, are also forms of implicit memory. It is not episodic in nature by

virtue of the fact that the memory is not marked by the associated individual learning event or past

experience, but by the accumulation of information over time. Under experimental conditions implicit

learning would occur without the awareness of the participant, so that future retrieval of that

information would be considered incidental, non intentional or automatic. Common motor procedural

learning tasks include mirror reading and drawing, pursuit rotor tasks and jigsaw puzzles, while more

complex implicit cognitive tasks include for example, problem solving on the tower of Hanoi

(Schmand et al 1992) or word stem completion (Kazes et al 1999).

Evidence suggests that implicit memory is generally preserved in schizophrenia despite impaired

declarative memory (Bazin and Perruchet 1996; Gras-Vincendon et al 1994; Kazes et al 1999; Kern et

al 1997; Lussier and Stip 2001; Perry et al 2000; Schmand et al 1992; Sponheim et al article in press;

Stirling et al 1997; Watanabe et al 2002). Kazes et al (1999) also took into consideration the

possibility of explicit memory processes impacting on recall of material during word stem completion

by estimating and controlling for explicit recall on that task (Kazes et al 1999). The functional

memory dissociation in amnesic patients, where explicit memory is impaired but implicit memory

remains preserved, is evidence for potentially distinct neural mechanisms supporting these types of

processing and further suggests that those brain networks supporting implicit memory are not affected

in schizophrenia. However, many aspects of implicit memory (e.g. conditioning) have not been

extensively investigated in schizophrenia. More conclusive evidence of preservation across all

aspects of memory would be required in order to assert that implicit memory is definitely unaffected.

1.2.4.3 Declarative memory

Explicit or declarative memory is said to reflect the conscious recollection and recognition of past

events and factual information and is therefore comprised of both episodic and semantic memories.
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When related to experimental memory research, explicit memory often involves the recognition

(indicate whether an item is recognised as seen before or not) or recollection (free recall, cued recall)

of material previously presented, such as a studied word list. Recognition is probably the easiest form

of recollection, because the target or previously seen material is presented to the participant, often

combined with similar distractor items. Cued recall is recall aided by some aspect of the target being

presented, and free recall offers no cue to the previously presented material. The process of

recognition itself can occur under two conditions. Firstly, where the memory for an item is based on

familiarity or the feeling of having seen an item before as opposed to being based on explicit

recollection of the actual learning episode, or knowing. Indeed, knowing as opposed to familiarity

may be reliant upon context information and memory for the source of the learning event.

1.2.4.3.1 Short-term memory

The traditional stage model of memory proposed by Atkinson and Shiffrin (1968) describes the flow

of information from a transient sensory store (perceptual system), to be briefly recorded in visual

(iconic) and auditory perceptual (echoic) memory, then moving into the limited capacity short-term

store (e.g. mentally retaining a new telephone number long enough to make a call), to be either

lost/displaced (due to the impact of additional distracting or more relevant information) or (if left long

enough) be transferred onto the long term memory store (Atkinson and Shiffrin 1968). Emphasis is

therefore placed on the passivity of this store, which sets it apart from theories of verbal working

memory (Vallar and Papagno 2002).

Short-term verbal memory tasks typically measure the immediate recall (after a few minutes only) of

auditory material such as words and digits. Several studies have postulated that short term verbal

memory is preserved in schizophrenia in the presence of impaired verbal working and long term

memory systems, similar to the pattern of deficit apparent in amnesic patients (Duffy and O'Carroll

1994; Elvevag et al 2002; Goldberg et al 1993; Kenny et al 1997; McKenna et al 1990; Morice and

Delahunty 1996; Riley et al 2000; Schroder et al 1996; Tamlyn et al 1992). This would suggest that

the brief storage of verbal material is not affected in schizophrenia, and according to some authors is

indicative of an intact phonological store. However, a substantial number of studies have equally
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provided evidence of impaired immediate verbal short-term memory in schizophrenia (Beatty et al

1993; Brebion et al 1997a; Chan et al 2000; Hill et al 2003; Moritz et al 2001).

Short-term visual memory tasks measure the temporary storage of aspects of visual material such as

colours, contrasts, shapes and contours. Spatial memory on the other hand is defined as memory for

the dynamic properties of visual material, such as the movement of an object from one location to

another, or an object's rotation in space (Delia Sala and Logie 2002). Despite an under investigation

of visual memory in schizophrenia, relative to verbal memory, there is consistent evidence for short-

term visual memory impairment in schizophrenia (Binks and Gold 1998; Blanchard and Neale 1994;

Gold et al 1992a; Tracy et al 2001). However, it has been suggested that visual short-term memory

tasks place a greater load on the executive component of short term memory, than on the

correspondent store in verbal memory, the phonological loop, which might explain the differences in

evidence between modalities (Smith and Jonides 1999).

1.2.4.3.2 Working memory

Atkinson and Shiffrin's original model of a passive short term store (Atkinson and Shiffrin 1968), did

not fully address why some information might be lost while other material is transferred to the long-

term store. The theory of working memory, an active store of which short term memory could be

considered a component, differs in its attempt to bridge the gap between short and long term memory,

by placing an emphasis on the control of online processing and manipulation of information to

facilitate temporary storage as well as information transference to long-term memory (Baddeley 1995;

Parkin 1993).

Baddleley and Hitch's theory of working memory comprises an attentional control system or 'central

executive' aided by two additional hypothetical systems, the phonological (articulatory) loop and the

visuo-spatial sketchpad (Baddeley 1992). The former system is responsible for the allocation of

attention and regulation of the latter two systems and is similar in nature to Norman and Shallice's

(1986) SAS, as described previously, which helps to implement novel and override habitual actions

and is more recently categorised as executive in function. The phonological loop stores a verbal
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memory trace and could be equated with more traditional concepts of the verbal short-term memory

store. Maintenance of the stored verbal material is facilitated by sub-vocal articulatory rehearsal

processes, which revive the memory trace in the loop, thus preventing further decay. The visuo-

spatial sketchpad allows for the temporary storage and manipulation (e.g. flipping a mental picture

round) of visual and spatial information. Importantly, some authors have asserted that although

previously depicted as a gateway between sensory and long-term memory, the working memory

system is not impermeable.

Evidence from studies of memory in normal volunteers and brain-injured patients suggests that

information can be implicitly learned, bypassing the working memory system. At the same time,

input into the working memory system is not raw, as it might be had it been directed straight from the

sensory memory system. Information is stored as a whole implying that prior knowledge and

experience impacts on the material held within working memory before moving onto a more

permanent store. This additionally suggests that visual and verbal processing is not bottom up, but top

down, with long term memories activated very early on in sensory processing in order to meaningfully

and contextually place incoming sensory information (Delia Sala and Logie 2002). More recently

Baddleley et al (2000) have added an episodic buffer to their three-part working memory model. The

authors suggested a role for the phonological loop in both short-term storage and long-term

phonological learning (e.g. vocabulary development in children). The shaded areas in figure 1.1

represent 'crystallized' knowledge systems involved in the acquisition of long-term knowledge (e.g.

language and semantic knowledge), while the unshaded areas of the figure represent 'fluid' abilities

(e.g. attention and temporary storage), unaffected by direct learning (Baddeley et al 2000). This

additional buffer is proposed as a temporary storage space for representations such as feature

combinations, which are retrieved from or entered into long-term memory. This therefore allows for

the brief holding ofboth 'top down' and 'bottom up' information (Baddeley 2000).
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Figure 1.1 :Baddeley's four-component model of working memory

nwtds to (Baddeley 2000)

Digit span backwards, letter, word and sentence span tasks, have typically been used to assess the

function of verbal working memory in schizophrenia, although these tests also occasionally appear in

lists of attention, executive function or verbal short term memory tasks. Heinrichs and Zakzanis

(1998) showed an effect size of 0.92 for digit span (a score composed of WAIS forwards digit span

and Oilman's span with a distraction). While digit span forwards requires the simple holding of an

increasing number of digits in short term memory before recall (or rehearsal in the articulatory loop),

digit span in reverse places an additional load on the short term memory system by requiring the

manipulation of incoming information (i.e. reversal of digits) while attempting to maintain and then

recall, and would therefore call into play aspects of working memory (Heinrichs and Zakzanis 1998).

Several studies have shown impaired verbal working memory in schizophrenia patients, as assessed

by backwards digit span (Brebion et al 1997b; Conklin et al 2000; Goldberg et al 1993; Stirling et al

1997; Stone et al 1998; Stratta et al 1997). Morice and Delahunty (1996) found no such differences

on either digit or word span forwards or digit span backwards, but did however show differences on

both alphabet (recall of strings of words in alphabetical order) and sentence span (dual task of

sentence verification and recall of last word of each sentence) (Morice and Delahunty 1996). The

authors suggest that intact verbal short-term but impaired verbal working memory (as measured by

sentence span) could be suggestive of an intact short-term store or articulatory loop and a deficit in the

central executive/attentional control aspect of working memory.
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Tests of visuo-spatial working memory include the CANTAB spatial working memory task, which

requires the systematic visual search for tokens by touching on-screen boxes. Tokens hidden in on¬

screen boxes are found by touching the screen. However, once a box has been searched it should not

be returned to again. Load is increased by increasing the number of boxes presented (Elliott et al

1998; Hutton et al 1996; Hutton et al 1998). Elliot et al (1998) reported only a trend for significance

in a group of patients matched with a control group for IQ, while Hutton et al (1998) showed

impairment only at the most extreme levels of task difficulty in schizophrenia patients. This similarly

suggests that working memory is affected by increases in load and difficulty, again indicating a

defective executive control system (Glahn et al 2003; Keefe et al 1995).

Delayed response tasks were originally devised by Goldman and Rakic for the measurement of the

visuo-spatial component of working memory in non-human primates, although they have since been

'borrowed' and applied in a clinical domain (Goldman-Rakic and Selemon 1997). At a basic level

they require the recall of one of two spatial locations across a delay period. A more complex version

requires the recall of one of an increasing number of possible spatial locations and often with delays

filled with distractions. Studies show that where the delay duration is manipulated, recall deficits in

schizophrenia patients do not worsen as a function of increasing time, suggesting that it is perhaps not

maintenance but encoding processes which are impaired (Hartman et al 2003). Hartman et al (2003)

assessed the amount of time required by patients to encode stimuli in a delayed matching to sample

task, with varying lengths of delay time till recall. Patients required more time to encode (i.e. view)

stimuli in order to perform to the same level of accuracy as controls. However, after equating groups

for differences in encoding speed, there was no increase in loss of information with increasing delay

periods (6 seconds, distraction filled period). The authors suggest that the initial encoding of stimuli

and not the maintenance or storage of that information over time is impaired (Hartman et al 2003).

1.2.4.3.3 Long term episodic memory

Within declarative memory, episodic memory refers to the long-term memory for personal

experiences, bringing together both the encoding and retrieval of events (Baddeley 1995). It is based

on the perceptions and sensations experienced by an individual and hence it is constantly changing to
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accommodate the encoding of new experiences and events. Pertinent to this sub component is its

sensitivity to processing depth and strategy, such as organisation of memories and attention. These

factors contribute to the encoding, eventual storage, and accessibility of information. Most tests of

verbal episodic recall involve the learning and delayed recall (free and cued) or recognition of word

lists (e.g. RAVLT, CVLT, HVLT, AVLT) and narratives (e.g. RBMT story recall, WMS-R logical

stories). The recall of complex figures (e.g. WMS-R Visual Reproductions and Rey-Osterrieth

Complex Figure Test) and faces (e.g. Warrington's Recognition Memory Test-for Faces) are

consistently used measures of visual-spatial memory in schizophrenia research. However, an array of

additionally available tests, assumed to measure visuo-spatial memory, has often been used, and may

not reflect the integrity of comparative areas of brain function. A further complication is the

verbalisability of some visual stimuli, such that many measures may in fact be testing recall in the

verbal as opposed to visual domain (Wood et al 2002).

1.2.4.3.3.1 Recall

Schizophrenia patients show poor levels of recall when compared to controls on tests of verbal

memory in both list (Beatty et al 1993; Calev et al 1983; Chan et al 2000; Elvevag et al 2000; Harris

et al 1997; Hill et al 2003; Holthausen et al 2003; Kenny et al 1997; Moritz et al 2001; Nathaniel-

James et al 1996; Paulsen et al 1995; Sonntag et al 2003; Van Oostrom et al 2003) and story recall

tests (Abbruzzese and Scarone 1993; Bilder et al 2000; Blanchard and Neale 1994; Clare et al 1993;

Harvey et al 1986a; Mohamed et al 1999; Rushe et al 1999; Saykin et al 1991; Saykin et al 1994;

Seidman et al 2002b). Heinrichs and Zakzanis (1998) reported effects sizes of 1.53 for global verbal

memory based on 3 studies (i.e. total word list recall, total story recall, total memory quotients, total

immediate and sum recall) and 1.11 for selective verbal memory based on 9 studies (i.e. delayed free

recall of word lists, percentage of words retained, number of intrusions, word recognition).

Evidence also suggests that non-verbal memory impairments are also apparent in schizophrenia

(Beatty et al 1993; Bilder 1996; Blanchard and Neale 1994; Mohamed et al 1999; Saykin et al 1991;

Saykin et al 1994), in some cases to an equivalent degree as those shown in verbal memory (Gold et al

1992a; Gold et al 1992b; McKenna et al 1990; Tracy et al 2001; Wood et al 2002). Several studies
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show no significant differences between patients and controls on non-verbal recall (Binder et al 1998;

Bryson et al 2001; Buchanan et al 1997). Although Buchanan et al (1997) showed no differences

between patients and controls on face recognition, deficit patients showed worse performance than

non-deficit patients on the same task (Buchanan et al 1997). Similarly, Wood et al (2002) showed

first episode patients to be less impaired on a visual paired associate task than chronic patients,

although equivalent in performance on a visual recognition task. Authors suggest that in spite of

evidence to suggest stable cognitive impairment in schizophrenia, visual associative memory

specifically, which recruits right hippocampal areas, may be degenerative with the course of the

illness (Wood et al 2002). Others studies still, have shown greater impairments in verbal relative to

non-verbal memory (Holthausen et al 2003; Rushe et al 1999; Saykin et al 1991; Saykin et al 1994;

Seidman et al 2002b). This however, may not be a true difference, and Saykin et al (1991 & 1994) as

well as Holtahuasen et al (2003) assert that task difficulty differences may be responsible for a more

prominent and apparent impairment in verbal rather than non-verbal measures.

Tracy et al (2001) demonstrated deficits in both non-verbal and verbal memory using the Biber Figure

Learning Test (BFLT) and CVLT. Interestingly, performance on the CVLT was significantly better in

patients than performance on the BFLT. The authors suggest that meaningful verbal material may be

more easily encoded than meaningless visuo-spatial material. Indeed, while recognition was slightly

better than recall for verbal stimuli, both recall and recognition were equally impaired for non-verbal

material, indicating that poor encoding may be fundamental to the non-verbal memory deficit in this

group, whereas retrieval processes in part were responsible for verbal memory deficits in the same

patients. The authors postulated therefore that an episodic memory deficit across modalities may be

apparent in schizophrenia (Tracy et al 2001).

Heinrichs and Zakzanis (1998) reported an effect size of 1.42 for non-verbal memory (i.e. WMS-R

Visual Reproductions, Warrington's Recognition Memory test for Faces and RCFT) based on 16

studies, similar to that cited for verbal memory. However, a large standard deviation for the non¬

verbal memory effect size (SD=1.98 after correction for sample size) suggests a large dispersion of

effect sizes around the mean. This implies a heterogeneity of effects across studies for non-verbal
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memory in schizophrenia and the possibility of both impaired and intact non-verbal memory in patient

sub-groups (Heinrichs and Zakzanis 1998). This may be partly due to the differences in tests used to

measure non-verbal memory. Indeed, if declarative memory deficits in schizophrenia were

characterised by poor encoding and retrieval, rather than material specific stimuli, then both verbal

and non-verbal memory deficits would be expected.

1.2.4.3.3.2 Storage

Some early studies of schizophrenic patients have shown a deficit in recall of information but a

relative preservation of recognition of the same material (Beatty et al 1993; Nathaniel-James et al

1996; Rushe et al 1999; Schwartz et al 1991). This lead some theorists to suggest that storage

processes are unaffected in schizophrenia and that the retrieval difficulty may be due to inadequate

executive control. However, evidence has also supported the existence of both recall and recognition

deficits in schizophrenia (Calev 1984a; Calev 1984b; Calev et al 1983; Elvevag et al 2000; Gold et al

1992a; Moritz et al 2001; Paulsen et al 1995; Schroder et al 1996). Tracy et al (2001), showed

impaired recall and recognition despite intact maintenance and storage of material in patients relative

to controls, and further suggested that retrieval deficits may be due to inadequate encoding (Tracy et

al 2001). Earlier findings of intact recognition may therefore have been a consequence of tasks not

effectively matched for difficulty, especially when performance on cued recall and recognition are

equivalent, but still below performance of controls (Calev 1984b; Harris et al 1997).

Cirillo and Seidman (2002) asserted that retention scores on story recall in schizophrenic patients were

about 74% relative to controls' average retention score of 85%, based on a sample of 362 patients and

216 controls. Similarly, evidence for impaired delayed relative to immediate word recall implies a

poorer retention of information over time, and in some cases has been presented as evidence for a

memory impairment likened to an amnesic syndrome in schizophrenia (Beatty et al 1993; Clare et al

1993; Elvevag et al 2002; Kenny et al 1997; McKenna et al 1990; Tamlyn et al 1992).

However, despite qualitatively lower retention, not all studies have reported significant differences

between groups in forgetting rates (Goldberg et al 1993; Harris et al 1996; Mohamed et al 1999;
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Paulsen et al 1995; Van Oostrom et al 2003) and while impoverished relative to controls, patients still

retain more information after a delay than Alzheimer's and Huntington's disease patients (Cirillo and

Seidman 2003; Van Oostrom et al 2003) and equivalent amounts to temporal lobe epilepsy patients,

suggesting that this may be only a mild deficit in the decay of stored information (Seidman et al

1998).

1.2.4.3.3.3 Encoding

Numerous studies have reported differences in information acquisition organisation during memory

tests in schizophrenic patients compared to controls (Brebion et al 1997a; Calev 1984a; Chan et al

2000; Egeland et al 2003; Elvevag et al 2000; Gold et al 1992a; Harris et al 1997; Harvey et al 1986a;

Harvey et al 1986b; Hill et al 2003; Holthausen et al 2003; Iddon et al 1998; Maher et al 1995;

Manschrek et al 1997; Nathaniel-James et al 1996; Paulsen et al 1995; Tracy et al 2001; Van Oostrom

et al 2003). Most of these studies report poor spontaneous usage of available semantic cues to

facilitate non-verbal (Tracy et al 2001) and verbal recall of both word lists (Brebion et al 1997a; Calev

1984a; Chan et al 2000; Gold et al 1992a; Harris et al 1997; Hill et al 2003; Holthausen et al 2003;

Iddon et al 1998; Manschrek et al 1997; Paulsen et al 1995; Van Oostrom et al 2003) and prose

(Harvey et al 1986a). This inefficient usage of semantic strategy is still apparent in spite of the overt

provision of cues (Calev et al 1983; Chan et al 2000; Gold et al 1992a; Manschrek et al 1997; Stone et

al 1998), although some studies have found performance to be normalised or improved with assistance

in applying strategies, context and organisation at encoding (Bazin and Perruchet 1996; Chan et al

2000; Hill et al 2003; Koh and Marusarz 1980; Ragland et al 2003). Additionally, in some patients'

organisation of material there is evidence of poor semantic clustering, a preference for serial over and

above semantic clustering, an idiosyncratic form of information organisation during recall, intrusion

errors during free recall and increased false alarms (Brebion et al 1997a; Iddon et al 1998; Nathaniel-

James et al 1996). Elvevag et al (2004) showed schizophrenic patients to be worse than controls on

word recognition, but invulnerable to the effects of interference from a previously learned list. This

suggests that patients had acquired and stored the information differently from controls (Elvevag et al

2004). Moritz et al (2001) showed both schizophrenic and depressive patients to be no more effected

by retroactive and proactive interference than controls, while Tracy et al (2001) showed patients to be
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less impaired on a measure of proactive interference than on other aspects of memory performance

(Moritz et al 2001; Tracy et al 2001). Kareken et al (1996) attributed invulnerability to proactive

interference to poor semantic clustering in their patient group, such that a lack of encoding based on

conceptual features, apparent in controls, would mean less interference from a list of conceptually

similar words. These differences suggest inadequate executive control, which would normally enable

effective strategising of material to be newly encoded, and goes some way to explaining subsequent

poor retrieval in schizophrenics compared to controls (Kareken et al 1996).

1.2.4.3.3.4 Recognition

Recognition memory is generally tested through tasks which re-present previously studied or encoded

information, thus making it the most aided form of recall. As described previously, evidence suggests

that recognition memory is generally less impaired in schizophrenia than recall (Beatty et al 1993;

Nathaniel-James et al 1996; Rushe et al 1999; Schwartz et al 1991), although this may be due to the

greater difficulty of free recall tasks. Indeed, the evidence for improved recall given external cues

suggests that impairment may be partly due to an access rather than a storage problem.

Item and associative recognition tasks are commonly used to test familiarity and recollection

respectively. Item recognition refers to the previously described forced choice recognition task,

whereas associative recognition re-presents items which will all be familiar but which require

recognition of the relationships between items (either old or new), in order to make an accurate choice

(Achim and Lepage 2003). Common associative recognition tasks include memory for the original

pairing of a target item with its source, paired associate memory and memory for a target item with

the temporal order of its original presentation (Achim and Lepage 2003). In a recent meta-analysis of

twenty three studies of recognition in schizophrenia, the effect size for item recognition (d=0.40) was

less than that for associative recognition (d=0.48) (Achim and Lepage 2003). However, without a

subjective indication of the recollection strategy used in recognition tasks it is difficult to gauge

whether or not responses are based on feelings of familiarity or overt recollection of the information

presented.
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1.2.4.3.3.5 Remember/Know judgements

The Remember/Know paradigm was initially devised by Tulving, and requires participants to

subjectively qualify the type ofjudgment made following a recognition response and whether or not it

was a 'Remember judgement' (i.e. the event is actually recollected) or a 'Know' judgement (i.e. the

item is associated with a feeling of familiarity, but in the absence of recollection). However, this

method is often criticised for its fallibility due to the subjective nature of the reporting and the

possibility that responses are based on familiarity and confidence, rather than familiarity and

recollection. The supposition that defective encoding in schizophrenics may lead to poor retrieval is

not a new one. Given that schizophrenics have been shown to have deficits in explicit verbal memory,

but intact implicit memory, some researchers have used this to demonstrate that only memory that

requires conscious awareness is affected in this group (Danion et al 1999; Huron et al 1995).

Drakeford et al (2002) showed patients to have more 'know' responses and fewer 'remember' responses

than either depressed patients or controls during word recognition, Danion et al (2003) showed

patients to have fewer 'remember' responses than controls, and Lecompte et al (2000) showed the

same pattern for picture recognition (Danion et al 2003a; Drakeford et al 2002). Huron et al (2002)

showed no differences between patients and controls in guessing and familiarity based responses, but

significantly poorer conscious recollection based responses during a word recognition test, while

exhibiting equivalent levels of impairment in both true and false recognition, but only during

'remember' based recognition responses (Huron and Danion 2002). Sonntag et al (2003) demonstrated

similar degrees of directed forgetting of words to controls, but only for words that were recognised

based on familiarity, the opposite pattern to that seen in controls (Huron et al 2003; Sonntag et al

2003). Huron et al (1995) asked schizophrenics and controls to make a recognition decision about

previously presented high (common) and low (rare) frequency words, qualified by whether this recall

was based on a conscious recollection of the study episode or on a feeling of familiarity, without

conscious recollection of having seen the word previously. Schizophrenics recognised significantly

less words and made significantly less responses based on conscious recollection than controls.

Furthermore, schizophrenics did not show the word frequency effect seen in the control group, which

is the more confident recall of low frequency words relative to high frequency words. The authors
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suggest that this effect in healthy controls is due to the deeper processing associated with words,

which are less common or have not been encountered before. Indeed, the absence of this effect in the

patients may be indicative of a lack of elaborative processing and hence recognition based only on

familiarity (Huron et al 1995). This theory is supported by a similar study by Danion et al (1999),

who suggest that a lower level of recognition responses based on conscious recollection, or autonoetic

awareness, is due to inefficient 'relational binding', the bringing together of different aspects of an

event into a cohesive representation (Danion et al 1999). Several other authors have since postulated

that impaired context memory may be a core deficit in schizophrenia (Bazin et al 2000; Rizzo et al

1996a; Rizzo et al 1996b).

1.2.4.3.3.6 Context Memory

Context memory differs from 'content' memory, the latter being memory for an episode itself, and the

former being memory for features related but extrinsic to the episode, such as source, spatial and

temporal location. Braver et al (1999) describe context as 'any task-relevant information that is

internally represented in such a form that it can bias processing in the pathways responsible for task

performance'. In such a way context representations are actively maintained online and used to

influence further processing i.e. goals, task instructions and word meanings, especially in situations of

competitive response selection (Braver et al 1999). This closely resembles the most recent working

memory model outlined by Baddeley et al (2000), incorporating an episodic buffer for the transient

holding of external information incoming to or retrieved from long term memory, which may

influence current processing (Baddeley 2000).

Source memory is typically measured by testing participants' recognition and recall for the source of

objects or items previously self generated or generated by an experimenter and has been shown to be

impaired in schizophrenia when compared to controls (Keefe et al 2002; Stirling et al 1997; Waters et

al 2003). Indeed, Rankin and O'Carroll (1995) attributed this aspect of memory to an impaired reality

monitoring, leading to difficulty in distinguishing between externally and internally generated

information (Burglen et al 2004). Keefe et al (2002) showed patients to perform worse relative to

controls in the identification of the source of pictures and words generated by themselves, but
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equivalent in performance to controls in identification of material generated by others. Misattribution

of the source of self-generated material, to an external agent, was more prevalent in those patients

with hallucinations and thought insertion compared to patients without. This is presented as evidence

for a relationship between Schneiderian symptoms and defective autonoetic awareness in

schizophrenia (Keefe et al 2002). Conversely, in a memory for action test, Stirling et al (1997)

showed patients' impaired immediate and delayed recall and memory for source to be related to the

experience of negative symptoms (Stirling et al 1997). Vinogradov et al (1997) also showed patients

to be impaired on memory for source, despite intact recognition memory, which was related to an

executive dysfunction, mediated by low IQ. In addition, patients showed increased errors in the

identification of the source of items, which had been self-generated as well as items that were novel

(never presented before), which was also associated with low IQ. Although low IQ and poor

executive function suggests that executive control may be core to source memory, patients with

normal IQ still showed poorer memory for source than controls. The authors suggest that if an item

were only familiar, but not fully recollected, individuals would be expected to identify the source of

that item as external rather than internal (Vinogradov et al 1996).

Memory for the temporal order of events is typically measured using recency discrimination tasks and

has been demonstrated as deficient in schizophrenics relative to controls (Rizzo et al 1996a; Schwartz

et al 1991; Stone et al 1998; Waters et al 2003). Rizzo et al (1996) showed schizophrenic patients to

have preserved picture recognition and recall but impaired memory for when pictures were learned

(Rizzo et al 1996a). Schwartz et al (1991) showed poor recency discrimination in patients, which was

inversely correlated with perseverative errors on the WCST, but not related to recognition memory.

This suggests that presupposed frontally mediated deficits on the WCST are related to those on

recency discrimination and authors describe it as reflective of difficulties in effortful processing in

schizophrenia (Schwartz et al 1991). Waters et al (2003) demonstrated both source and temporal

order memory impairments in patients compared to controls in a test of object pair recognition and

context memory. Controls who showed poor recognition accuracy for object pairs, conversely

showed intact source and temporal memory, unlike patients who showed deficits in all areas. This is
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presented as further evidence for dysfunction in the combining of contextual cues in memory in

schizophrenia (Waters et al 2003).

Burglen et al (2004) used a similar temporal order memory paradigm to that of Rizzo (1996b) with a

shorter stimuli presentation time, and a shorter delay period without distraction, in order to test

working memory for intentionally encoded objects and locations (both separately and combined).

Although both controls and patients showed poorer performance for combined over separate

memories for objects and locations, patients showed significantly worse performance overall.

Moreover, patients showed a disproportionate impairment for combined memory relative to controls,

even in a subset of patients who had equivalent separate feature memory performance to controls

(Burglen et al 2004). This was a similar conclusion to that of Sullivan et al (1997), but at odds with

Gold et al (2003) who found comparative performance in patients and controls on memory for

separate and combined visual and orientation features in a working memory task (Burglen et al 2004;

Rushe et al 1999). These differences may be due to measures used in the individual studies, and

while Burglen presented objects and locations both separately and together, the features of Gold

(2003) were always presented bound together (Burglen et al 2004). Other studies have also failed to

show differences between patients and controls in memory for temporal order (Rushe et al 1999).

Rushe et al (1999) used a similar paradigm to that of Sullivan et al (1997), but with a shorter inter

stimulus interval between visual word presentations. It is conceivable therefore that automatic

processing, considered intact in schizophrenia, allowed for effective encoding of temporal order in

this instance (Rushe et al 1999). The Elvevag et al (2000) finding of differences in temporal order

memory between patients and controls disappeared after controlling for the overall level of recall

(Elvevag et al 2000). Other authors have asserted that memory for temporal order encoding is due to

automatic processing (Schacter et al (1987) as cited in Rushe et al 1999), although depending on the

demands of the task effortful processing may be needed in order to process temporal information

(Schwartz et al 1991).
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1.2.4.3.3.7 Semantic memory

Semantic memory refers to long term memory for facts, language, rules, abstract concepts and general

knowledge about the world, also encompassing both encoding and retrieval of such information.

Semantic memories are noted to be context free, fixed and based on understanding. Semantic

encoding involves a more complex and hence deeper form of procuring information, than shallow or

episodic encoding, because it is based less on the appearance of the item presented and more on

association and meaning in connection with that item. Though initially considered to be separate and

distinct systems, it is now accepted that the two are inextricably linked. Semantic memories may

originate as episodic memories, but the learning experiences or events associated with them are no

longer retrievable individually, therefore the information is no longer defined by the experience from

which it was yielded. Furthermore, evidence from amnesia literature suggests that without an intact

episodic memory it is difficult for individuals to formulate new semantic memories, though access to

previous semantic memories is still intact (Baddeley 1995).

A proliferation of studies suggest that semantic memory organisation is disrupted in schizophrenia

(Aloia et al 1998; Bacon et al 2001; Clare et al 1993; Duffy and O'Carroll 1994; Kareken et al 1996;

McKay et al 1996; Tamlyn et al 1992). Several authors have shown defective remote or

autobiographical memory in schizophrenia (Calev et al 1987; Danion et al 2003b; Tamlyn et al 1992),

particularly around the period of illness onset (Feinstein et al 1998), suggesting an acquisition deficit

specifically associated with psychosis development. Other studies have shown a semantic memory

deficit in schizophrenic patients using the Collins and Collins Silly Sentences Task and the Speed of

Comprehension and Language Processing task, which require the verification of a series of statements

(e.g. dragonflies have wings, the prime minister has feathers or rats have teeth). Patients have

demonstrated longer times to verify sentences and more errors than controls (Clare et al 1993; Duffy

and O'Carroll 1994; Tamlyn et al 1992). This is not necessarily attributable to processing speed

however, because in the comparison with Korsakoff patients, schizophrenic patients showed

equivalent processing speed performance as measured by the verbal fluency test and the WAIS Digit

Symbol task (Duffy and O'Carroll 1994). Other investigations reported similar deficits in category

judgement or sorting tasks, requiring the timely assignation of words or pictures to relevant categories
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(Clare et al 1993; Green et al 2004; McKay et al 1996; McKenna et al 1994) or during category

searches (Gurd et al 1997), while deficits in semantic fluency, discussed earlier, have been posited as

evidence of semantic network disorganisation. Green et al (2004) asked participants to sort pictures

into categories and then group them according to their over-inclusions (items from more than one

category grouped together) or under-inclusions (one or more items of the same category grouped

separately) prior to a category based deductive reasoning task. The authors reported that both controls

and patients under-included, but only patients over-included. Removal of items from their correct

categories may be due to a low level of perceived semantic similarity. However, although semantic

relationships drive deductive reasoning, patients still made effective judgements, suggesting that given

adequate context patients can perform the task normally (Green et al 2004). Over inclusive thinking

in schizophrenia is not a recent finding and was investigated extensively by Payne and others (1973)

(McKenna et al 1994). They further suggested it to be a feature specific to acute rather than chronic

schizophrenia patients, above all in those with formal thought disorder (McKenna et al 1994).

Another study suggests that over-activation of connected words without the constraint of context may

cause semantic memory impairments in schizophrenia. Nestor et al (1998) investigated word list

recall, using words of varying associative strengths (connectivity), and in varying hypothetical sizes of

network (number of associates), such that words could fall into one of four possible categories (high

connectivity-small network, high connectivity-large network, low connectivity-large network, low

connectivity-small network). Patients showed poorer overall recall than controls. Moreover, while

controls showed the expected better recall for high-small, then low-small, high-large and low-large

words, patients showed enhanced recall for highly connected and poor recall for lowly connected

words irrespective of network size. This suggests that semantic networks are activated differently in

schizophrenia and may be driven by strongly connected words regardless of the number of associates

(Nestor et al 1998).

Semantic network dysfunction in schizophrenia is also supported by evidence from semantic priming

tests. The semantic priming effect can be seen in tasks where a target word (e.g. black) is recognised

faster if it follows the presentation of a semantically related prime (e.g. white) than it would following
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a non-semantically related prime (i.e. round). Several studies have suggested that this priming effect

is enhanced (faster) in patients than in controls due to lack of inhibition and increased semantic

network activation in schizophrenia (Aloia et al 1998; Chenery et al 2004; Moritz et al 2002; Moritz et

al 2001; Passerieux et al 2003; Spitzer M et al 1993a; Spitzer M et al 1993b). Maher and Spitzer's

model also suggests that major thought disorder and therefore the associative intrusions apparent in

schizophrenic patients' speech, may be due to the excessive activation /hyper-priming of semantic

networks early on in processing and prior to conscious attentional control. The model of spreading

activation is an attractive one, and suggests that information is stored in single nodes in networks of

related concepts, such that when one node is activated all other close nodes in the same network will

be activated too, spreading and weakening the further the association. Both Spitzer et al (1993) and

Moritz et al (2002) showed thought disordered patients to activate further and more indirect

associations faster than controls and non thought disordered patients in a lexical decision task (Spitzer

M et al 1993a; Spitzer M et al 1993b), and Passerieux et al (1997) demonstrated greater priming for

related than unrelated pairs in non thought disordered patients and controls, but not in thought

disordered patients. Aloia et al (1998) showed the same pattern of priming for more highly associated

pairs in both patients and controls, but at a more enhanced level in patients, while Chenerey et al

(2004) also showed enhanced priming in schizophrenic patients at shorter time intervals and on pairs

of low relatedness relative to controls (Aloia et al 1998; Chenery et al 2004). There is however no

established biological evidence to suggest that this is the case, and an alternative theory asserts that

executive processes are affected in thought disorder to create this semantic memory deficit

(Siekmeirer and Hoffman 2002) (Salisbury et al 2002). Indeed, Barch et al (1996) demonstrated

similar levels of priming in both patients and controls for times less than 950 milliseconds (Barch et al

1996). This negative finding has been described elsewhere, but like Barch et al (1996), such

experiments have used a word pronunciation task, which can be completed without semantic

processing, unlike the former experiments employing lexical decision tasks (Siekmeirer and Hoffman

2002).
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1.2.4.4 Summary of memory deficits in schizophrenia

Neuropsychological abilities affected in schizophrenia are wide ranging (Heinrichs and Zakzanis

1998). Indeed, in a meta-analysis of neuropsychological assessment performance in patients with

schizophrenia compared to controls in 204 studies, Heinrichs and Zakzanis (1998) showed effect sizes

for global verbal memory (d =1.53) to be greater than those for intellectual ability (d= 1.24) or

executive function (d = 0.95). However, the authors did not conclude that this was indicative of a

differential memory deficit and there is as yet no substantial evidence to conclusively assert a

selective deficit in any one domain relative to all others in schizophrenia (Heinrichs and Zakzanis

1998).

However, there does appear to be a growing body of evidence depicting such a pattern. McKenna et

al (1990) demonstrated nearly 50% of their patient sample to be severely impaired on the Rivermead

Behavioural Memory Test (RBMT) compared to only 19% of the same group falling into the mild or

severely demented category on the mini-mental state examination (McKenna et al 1990). Similarly,

Gold (1992) administered the Wechsler Adult Intelligence Scale-Revised (WAIS-R) and the Wechsler

Memory Scale-Revised (WMS-R), both of which are standardised and significantly correlated in

healthy normal participants. A group of schizophrenic patients showed a higher pre-morbid than

current intellectual ability score, while both scores of intellectual ability were greater than the general

memory index score in the same group (Gold et al 1992a). These findings suggest a greater

impairment in tests of general memory than on other tests of global intellectual function in

schizophrenia patients.

Strict guidelines established by Chapman and Chapman (1978 and 1989), indicate that several factors

must be considered before a selective deficit can be verified. First, impairment in one domain must

exceed in severity impairments apparent in other affected functional domains, also known as the

'weak' form of a differential deficit. Secondly, this severity will be greater in those domain tasks

relative to tasks of equivalent difficulty in other affected functional domains, or the 'strong' version of

a differential deficit. This poses a problem for a number of studies which have either failed to include

measurements across functional domains or which have administered tasks of varying difficulty
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(Chapman and Chapman 1989). Moreover, the involvement of attention and executive functions in all

tasks makes it difficult to assert that tests are assessing pure and undiluted cognitive functions. This

overlap may give the impression of selective impairments, which in fact are several deficient

functions assessed by one task (Heinrichs and Zakzanis 1998). Additional confounding factors such

as age, gender, medication, chronicity and intelligence may have an extraneous influence on memory

performance, and therefore should also be controlled where possible, in order that specific deficits

cannot be attributed to differences between groups in these areas (Cirillo and Seidman 2003).

Chapman and Chapman (1989) suggest that comparability across different neuropsychological tests is

achievable without psychometrically matching tasks. Using the regression equation of task B on task

A in control participants, one can compute for each observed score on task A the predicted score for

task B, in order to address the question 'to what extent is performance on task B deviant, given the

subject's score on task A?' This therefore considers performance on task B relative to and in spite of

performance on task A and has the additional advantage of accounting for the correlation between the

two tasks (Chapman and Chapman 1989).

Saykin (199land 1994) used standardised residual scores (based on the control group mean and

standard deviation) by converting raw scores to standardised residual scores (z transformations) which

were adjusted for potential confounds such as age, sex and executive functioning and compared

performance between un-medicated schizophrenic patients and controls in a wide ranging

neuropsychological test battery. Using this method, patients scored nearly three standard deviations

below controls on tests of memory compared to one or two standard deviations below controls on tests

in other areas of cognitive ability. The same authors, using a larger sample of first-episode

medication-naive patients and previously medicated schizophrenic patients, later demonstrated a

specific deficit in verbal but not visual memory relative to all other cognitive domains of function.

Binks and Gold (1998) replicated this finding in a study of 30 schizophrenic patients using a broad

range of neuropsychological tests, which also conformed to the requirements of Chapman and

Chapman (1978)(Binks and Gold 1998; Saykin et al 1991; Saykin et al 1994).
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However, these results should be acknowledged with caution. Chapman and Chapman assert that the

standardised residual score method allows for comparisons between unmatched tasks A and B, and

will remove specific extraneous variance associated with task B. Nonetheless, in groups where there

is robust evidence of a generalised neuropsychological deficit, such as schizophrenia, the effects of the

generalised deficit cannot be removed (i.e. low scores on task B could be due to both a specific and a

generalised deficit on task B). They therefore stress that this method may be more beneficial in

groups such as relatives of schizophrenics who will display a less severe generalised deficit across

neuropsychological tests (Chapman and Chapman 1989). Blanchard and Neale (1994) reiterate this

point and show that using the same method, non-medicated schizophrenic patients performed less well

relative to controls across all neuropsychological tests, supporting the existence of a more generalised

cognitive deficit (Blanchard and Neale 1994).

In summary, schizophrenia patients show pervasive deficits in declarative memory, extending to

encoding, recognition, and recall processes. This suggests a basic impairment in the acquisition and

retrieval of information, which cannot be attributed to attentional deificits, or to failed material

storage. Furthermore, lack of spontaneous semantic clustering, poor context memory, and the

improvement in recall performance in some patients following aid in the organisation of information,

suggests that recall deficits may be partly explained by poor encoding processing in this group.

Access may therefore be compounded by the quality of processing exerted on acquired information.

1.3 Development of cognitive deficits in schizophrenia

1.3.1 Stability of cognitive function in schizophrenia

1.3.1.1 Longitudinal studies

Cognitive deficits have been identified in first episode schizophrenic patients (Albus et al 1997; Albus

et al 2002; Bilder et al 2000; Censits et al 1997; Gold et al 1999; Hill et al 2004; Holthausen et al

2003; Hutton et al 1998; Joyce et al 2002; Kravariti et al 2003; Mohamed et al 1999; Riley et al 2000;

Saykin et al 1994) and medication naive schizophrenic patients (Hill et al 2003; Saykin et al 1991),

suggesting that deficits outlined previously may be present to a certain extent independently of

medication status or illness duration. However, while it is acknowledged that cognitive deficits exist
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early in the course of schizophrenia, the stability of such deficits throughout the illness is still unclear.

This has significant implications for the understanding of the aetiology of the disorder, because

decline in function throughout the course of the illness might suggest a neurodegenerative process,

whereas stability would indicate a neurodevelopmental condition. Research has therefore focused on

distinguishing between 'stable vulnerability factors' (i.e. cognitive deficits which remain stable during

florid periods and periods in remission), and 'episode components' or 'state dependent factors' (i.e.

cognitive deficits which improve or normalise during periods in remission). Stable vulnerability

factors may be reflective of structural abnormalities and may be present in relatives of schizophrenics,

making them possible trait indicators, or intermediate phenotypes for the disorder. State factors will

however be reflective of the underlying neurophysiological disturbance associated with psychosis

(Rund 1998)(see Table 1C in Appendix 1).

Longitudinal follow-up studies enable the investigation of cognitive performance from first episode

schizophrenia to several years later. In this way any cognitive performance change and its

relationship with symptomatology and medication can be assessed. However, although the age of

onset, years of illness and medication status of patient samples are generally provided, it is unlikely

that all patients across studies are manifesting the same type of symptoms, with the same severity and

in the same stage of illness. This should therefore be considered in light of findings reported.

A number of studies have reported improvements in cognitive performance of schizophrenic patients

over time (Addington 2000; Albus et al 2002; Censits et al 1997; Gold et al 1999; Hoff et al 1992a;

Hoff et al 1999; Landro 1994; Nopoulos et al 1994; Sweeney et al 1991). Addington et al (1991)

noted an improvement over 6 months in the cognitive performance of 38 acutely ill schizophrenic

patients, which was correlated with positive symptoms improvement. However, deficits on the

WCST and word fluency persisted throughout periods of remission (Addington and Addington 1991;

Addington et al 1991). Albus (2002) showed improvement in visuo-motor processing/attention (Trial-

making B, Stroop test, and Digit symbol) in both controls and first episode schizophrenics and in

verbal learning (CVLT 1-5) in first episode patients between initial hospitalisation and follow up 2

years later. Symptoms had no effect on neuropsychological performance and although visuo-motor
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processing/attention was influenced by medication status, verbal learning may be state related, while

deficits on semantic memory (WMS-R Logical memory) remained stable throughout (Albus 2002).

Between discharge from hospital following clinical recovery and again 1 year later, Sweeney et al

(1991) demonstrated an increase, but not normalisation, in psychomotor (Digit symbol and Finger

tapping) and verbal recognition memory scores (RAVLT) in acute schizophrenia patients, although

the latter result could be reflective of practice effects on the RAVLT (Sweeney et al 1991). However,

Nopoulos et al (1994) reported improvements in complex attention (Trial-making B and Stroop

response set shifting) correlated with psychotic symptom improvement and stable deficits in memory

(RAVLT 1-5 and delayed recall, WMS-R Logical memory, WMS-R Paired associates) in patients

between time of hospitalisation and 1 to 2 years later (Nopoulos et al 1994). Hoff et al (1999) showed

42 first episode schizophrenia patients in the first 2 to 5 years of illness to perform consistently less

well relative to controls, while a remittance of psychotic symptoms (but no change in negative

symptoms) was positively correlated with cognitive performance, except in verbal memory, where

they failed to show any improvement (Hoff et al 1999). Similarly, Censits et al (1997) showed no

differences in cognitive function between never medicated first episode patients and previously treated

patients, suggesting no impact of medication on performance over time. A general improvement in

cognitive function in patients was associated with improved symptomatology, however 10 of the 15

neuropsychological variables positively correlated with negative symptoms, above all anhedonia,

suggesting that negative and not positive symptom amelioration effected neuropsychological change.

Gold (1999) showed more extensive improvement in both performance and general IQ, but stability of

function in verbal IQ only and also showed this to be related to negative rather than positive

symptoms. Finally, Morrison et al (2000) compared patient performance on NART IQ, a measure of

verbal intellectual ability, at baseline and 7 years later and revealed no change. However, although

mean change in score over time was only 1.4, 2 of the 45 patients assessed did show a dramatic score

increase from -16 to +18 over this period (Morrison et al 2000).

Several longitudinal studies have also shown stable cognitive deficits over time (Heaton et al 2001;

Hughes et al 2002; Hyde et al 1994). Heaton et al (2001) showed stable neuropsychological

performance deficits between schizophrenia patients and controls over short (1.6 years) and long (5
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years) periods. Small improvements in first episode patients' motor function were attributed to

practice effects paralleling those in the control group. However, a lack of chronically institutionalised

schizophrenia patients makes these results less generalisable. Hughes et al (2002) showed the

relationship between improvements in symptoms and neuropsychological performance to be non-

causal, and as such patients showed only stable neuropsychological deficits over time (Hughes et al

2002). Russell and others (1997) demonstrated lower premorbid IQ scores (WISC-R) in patients

assessed at a mean age of thirteen, up to nineteen years before illness onset. Although demonstrating

significantly poorer scores relative to controls, patients showed no difference between their current IQ

scores (WAIS-R) and premorbid scores (WISC-R) nearly two decades earlier, suggesting a stable

intellectual ability over time and throughout the course of their illness. However, it should be noted

that 13 of the 34 patients followed up, were diagnosed as schizophrenic in childhood, of which 9

completed their baseline IQ test at the same time or shortly after this diagnosis (Russell et al 1997).

Stirling et al (2003) did demonstrate cognitive decline in 3 out of 9 subtests (WAIS-R Object

assembly, picture completion and recognition memory for faces) in a 10-year longitudinal study of a

mixture of first episode schizophrenics and schizoaffective disorder patients. Without a comparison

group it is difficult to be sure of the importance of evidence of decline in these patients, especially

over such an extended period of time (10-12 years) (i.e. although average age at onset was 26.4 years,

a 32 year old at onset would be 44 at follow-up, an age at which age-related decline cannot be ruled

out). Persistent negative symptoms predicted poor functional outcome but were not related to

neuropsychological performance. Furthermore, although there were significant deficits in onset

performance on several tests, these remained stable over time. The authors suggest a pattern of long-

term deterioration in ffonto-parietal networks (Stirling et al 2003).

1.3.1.2 Cross sectional studies

Several studies have explored differences in neuropsychological performance across age groups in

schizophrenia (Bilder et al 1992; Fucetola et al 2000; Heaton et al 1994; Hyde et al 1994; Mockler et

al 1997). Heaton et al (1994) showed three age groups of schizophrenic patients (85 early onset

young schizophrenics, 36 early onset old schizophrenics, 22 late onset schizophrenics) to perform
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significantly differently on neuropsychological tests from both controls and Alzheimer's patients, but

not from one another. Mockler et al (1997) reported a similar result investigating performance across

five and then two age cohorts. There was no decline in any age group between premorbid and current

IQ, nor were there any differences in general neuropsychological performance between groups which

could be considered age related (Mockler et al 1997). Although Fucetola et al (2000) showed an age

related decline in cognitive performance similar to that apparent in a control group, decline in an

aspect of executive function (i.e. abstraction as measured by WCST) was found to be greater in

patients than in controls (Fucetola et al 2000).

1.3.2 Summary of stability of cognitive function in schizophrenia

These studies on the whole suggest a lack of cognitive deterioration through the course of the

schizophrenic illness, coupled in some instances with slight improvements in varied cognitive

domains due to a remittance of psychotic symptoms (Addington and Addington 1991; Addington et al

1991; Nopoulos et al 1994), negative symptoms (Censits et al 1997; Gold et al 1999) or unaffected by

symptoms at all (Albus et al 2002; Hughes et al 2002). There is a lack of consistency of medication

application across studies, with some patients medicated at follow up but not at baseline (Censits et al

1997; Gold et al 1999) and at least one study where patients were not medicated at all among those on

medication at both assessments (Nopoulos et al 1994). This makes it difficult to extrapolate what

aspects of perceived improvement are due to medication (which admittedly will vary in type and

dosage across and within patient samples), symptomatology change and/or practice effects, and in the

latter especially so given the varied follow-up periods across studies. The inclusion of a comparison

group at baseline and follow-up is crucial in order to compare any apparent deterioration with

performance in a control group, i.e. Albus et al (2002) noted that due to an improvement in visual

memory over time in the control group, the patient group showed an apparent deterioration over time

(Albus et al 2002). Some of these difficulties are removed from the cross sectional studies of age

related changes in neuropsychological performance, whose findings tend to support the notion of

stability of function demonstrated by longitudinal investigations in schizophrenic patients.
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1.3.2.1 Cognitive deficits and relationship to functional outcome

Cognitive deficits have often been described as epiphenomenona, that is, attributable to the effects of

the negative symptoms (lack of motivation, anhedonia, avolition) or positive symptoms (hallucination

and delusion interference) of the disorder. However, several studies have reported improvements in

symptomatology of patients on medication, in the absence of coincidental improvements in cognitive

function, suggesting that psychotic symptoms and neuropsychological function may be relatively

independent of one another (i.e. Goldberg et al (1993b) as cited in (O'Carroll 2000). Studies of

functional outcome in schizophrenia have also shown aspects of cognitive ability to be predictive of

outcome in patients i.e. verbal memory is predictive of all functional outcomes and vigilance abilities

predict competence in social problem solving and skill acquisition (Green 1996). General cognitive

measures have been shown to predict occupational ability and outcome on anti-psychotic medication

(i.e. clozapine) (Meltzer et al 1996), while a later meta-analytic study by Green et al (2000) revealed

considerable effect sizes demonstrating a significant relationship between neurocognitive measures

and functional outcome (i.e. measures of immediate and secondary memory, card sorting and

vigilance) (Green et al 2000).

1.3.3 Premorbid general intellectual ability in schizophrenia

Several investigators have hypothesised that a deterioration in intellectual and cognitive ability may

occur before the onset of psychosis, or at least before definitive signs of overt psychosis manifest

themselves. However, comparisons between premorbid or prodromal and current intellectual ability

in schizophrenia patients can be difficult, above all when measurements shortly prior to illness onset

may not be available, or if available, not directly comparable with current standardised measures of

general intellect (see Table ID in Appendix 1).

1.3.3.1 Measures of premorbid and current intellectual ability

The NART, which requires the ability to pronounce irregular words (i.e. campanile, drachm), is a

widely used test of premorbid ability in schizophrenia and has been shown to account for 66% of the

IQ variance in full scale WAIS. The results of factor analytic studies show it to load considerably

higher on the 'g' factor of general intelligence than 9 of 11 WAIS sub-tests (Crawford et al 1992).
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Evidence also supports NART as a stable measure of intellectual ability in acutely ill, unmedicated

schizophrenia patients, which is unaffected by psychotic symptoms (O'Carroll et al 1992). Crawford

et al (1992) showed no significant differences between community residing schizophrenia patients and

controls on this test. However, long stay schizophrenia patients were significantly lower in scores on

both NART and WAIS IQ. This could suggest an illness related reduction in scores on the NART in

chronic schizophrenia patients, but is also suggested as representative of a difference in premorbid IQ

predating illness onset (Crawford et al 1992). Both O'Carroll et al (1992) and Crawford (1992)

showed patients to score lower on the WAIS than on the NART, which authors posit as suggestive of

a decline from premorbid to current intellectual function. Some studies have therefore adopted this

test as a valid measure of premorbid function, based on its reported resistance to cerebral dysfunction

and dependence on acquired knowledge about words (O'Carroll et al 1992).

The usage of NART to estimate premorbid levels of function has however been challenged. A

comparison between NART IQ, WAIS-R IQ and IQ measured premorbidly in childhood, in 24 adult

schizophrenia patients, showed no change between premorbid and current IQ levels (as measured by

WAIS-R), but significant differences between both measures when compared with NART. The

authors suggest this difference is especially prominent in groups where IQ deviates from the average

(Russell et al 2000). Indeed, Nelson (1990) advises against using the NART in extremes of scoring

on this test, such that those at ceiling level will tend to incline lower towards the mean, whereas those

at base levels will incline higher towards the mean (Nelson et al 1990). The lowest achievable

estimated score of intelligence on this test is 84 points, a fact that Russell et al (1998-letter to editor)

stress is likely to give the appearance of 'premorbid' intellectual ability within normal limits (Russell

and Murray 1998). NART may in fact be both over and under estimate (e.g. in younger patients)

premorbid function in schizophrenia patients, particularly when it is a test reliant on acquired

knowledge and educational achievement. Any interruptions in schooling, as is common in early onset

conditions, could prevent patients reaching a higher score, which would have been predicted based on

performance in other domains of function (Russell and Murray 1998).
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A further difficulty is also evident (despite an overlap in variance between the two), in the type of

abilities the NART and WAIS are actually measuring. Lezak (1995) reports higher correlations of the

NART with WAIS verbal IQ (VSIQ) than with performance IQ (PSIQ) or full scale IQ (FSIQ) (Lezak

1995). In the 1960's, Catell's concept of crystallised intelligence was operationally defined by tests

measuring the influence of education and acculturation on intellectual performance (i.e. verbal ability

and vocabulary). Conversely, fluid intelligence was operationally defined by tests measuring a

biological capacity to accrue knowledge, such as inductive and spatial reasoning (Brody 1992). Catell

argued that because of the assumed biological basis of fluid intelligence, it was the factor most

vulnerable to prenatal insult, brain damage and age related decline, whereas crystallised intelligence

would remain fairly intact (Brody 1992). These forms of intellectual measurement are often referred

to as 'hold' and 'no hold' tests, where 'hold' tests are considered insensitive to forms of brain damage

and 'no hold' tests are not (Lezak 1995). Several studies have shown preserved functioning on

measures of crystallised intelligence in schizophrenia, such as tests of language and vocabulary (Binks

and Gold 1998; Saykin et al 1994), while WAIS-R vocabulary has been touted as a better estimate of

premorbid intelligence than that measured by NART. On the other hand, full scale WAIS-R IQ

incorporates many different sub tests, broadly classed as measures of verbal and performance IQ.

WAIS-R IQ is therefore a more robust indicator of fluid intelligence and is sensitive to any subtle

changes in specific cognitive ability conducive with the development of brain abnormalities in

localised areas.

Longitudinal, prospective and retrospective study designs are often limited by those measures used

premorbidly to assess intellectual function in individuals who later develop schizophrenia. For this

reason, many studies rely on standardised psychometric tests or standard school assessments to

indicate levels of performance in their samples. It must be noted therefore that the different forms of

test measurements used will often confound generalised conclusions based on findings across these

studies.
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1.3.3.2 Follow-back studies

The possibility that premorbid intellectual function is compromised in individuals who later develop

schizophrenia has been extensively explored using follow-back studies, which take a present cohort of

schizophrenic patients and compare current cognitive performance with scores on tests of intellectual

and cognitive function acquired premorbidly. One of the earliest follow-back studies compared

premorbid IQ at age 7 to 8 years old (Kulhman Cleveland IQ test) between 36 adult schizophrenia

patients with 36 of their adult siblings and 35 adult controls and 35 of their adult siblings, having

matched all patients and controls for IQ. A significant difference in IQ at this age was present

between the patients and their unaffected siblings, a difference not extended to the matched controls

and their siblings (Lane and Albee 1964). Ambelas et al (1992) compared premorbid IQ scores from

childhood (10 to 15 years old) between 18 males who later became adult schizophrenia patients and

18 male controls, all seen in childhood at a child guidance centre. Controls had higher IQ, speech and

language scores than those individuals who went on to develop schizophrenia by the age of 27

(Ambelas 1992). Similarly Isohanni et al (1998) investigated hospital treated psychiatric disorders

and past school performance in 11017 adults of a Finnish Birth Cohort and showed low school marks

at age 16 to be predictive ofnon-psychotic disorders, whereas being in an inappropriate class at age 14

predicted future hospital treated disorders (Isohanni et al 1998). Russell et al (2000) compared a

childhood measure of IQ in 24 adult schizophrenia patients with current measures of WAIS-R and

NART IQ, and found no difference between IQ scores (Russell et al 2000). Finally, Jones et al (1994)

compared premorbid childhood IQ between 50 adult schizophrenia patients and 50 adults with

affective disorder, both having been seen in childhood at a child psychiatric clinic and found those

who were schizophrenic to have a lower premorbid IQ score than the affective disorder patients (Jones

et al 1994a).

Premorbid general intellectual decline may also be apparent at a significant point in development, in

individuals who go on to develop schizophrenia. Ang et al (2004) similarly compared 30 first episode

male schizophrenia patients and 30 male controls (all in the military service and with a mean age of 20

years), on standardised school exam scores (GCE and PLSE) at two periods between the ages of 12

and 16 years old. Although both groups showed a general reduction in mathematics performance
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between exams at age 12 to exams at age 16, the drop between scores in mathematics was

significantly greater in those who went on to develop schizophrenia between 3 and 8 years later (Ang

and Tan 2004). Fuller et al (2002) compared 57 male and 13 female adult schizophrenia patients on

premorbid standardised school assessment scores (Iowa tests of educational ability, covering 6

domains of function including reading, vocabulary, comprehension, language and maths) at ages 9, 13

and 16. Although school scores in this group were non-significantly below the state average at both 9

and 13 years old, there was an improvement in performance on some tests between ages. However,

there was a statistically significant drop in scores between the ages of 13 and 16 years old, to

significantly below the state average and specifically on tests of language (on which no improvement

had been demonstrated at any point) (Fuller et al 2002).

Finally, the possibility that separate symptom clusters may have discrete yet overlapping aetiologies

should also be considered. Guerra et al (2002) took a different approach to follow-back investigation

and explored, using principal component analysis and multiple regression, the possible predictors of

specific symptom clusters, rather than of schizophrenia as a disorder. Interestingly, family history of

schizophrenia was identified as a predictor for delusions and hallucinations and paranoia, family

history of bipolar disorder was a predictor for negative symptoms and disorganisation, while obstetric

complications were predictive of paranoia. Delusions, hallucinations, and mania were predicted by

good premorbid intellectual function, whereas negative symptoms were predicted by early first

psychiatric admission and disorganisation by low premorbid intelligence. Paranoia, delusions, and

hallucinations were also predicted by poor adolescent school functioning. Negative symptoms,

delusions and hallucinations and paranoia all had a developmental origin, although these were

manifested as different childhood difficulties (Guerra et al 2002).

1.3.3.3 Birth and conscript cohort studies

Birth cohort studies have prospectively investigated a diverse range of psychosocial variables and

their possible relationships with the development of schizophrenia in a proportion of their sample and

benefit from the substantial size of their sample and the amount of data acquired over time. Jones et

al (1994) showed schizophrenia to be associated with low IQ in childhood in a British National Birth
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Cohort study, while Cannon et al (2000) reported a similar finding using a birth cohort to identify

adult schizophrenic patients, their unaffected siblings and controls who had previously undergone

cognitive assessment at ages 4 and 7 years old. Although patients and their siblings performed

significantly less well than controls on tests at 4 and 7 years old, there were no differences between

patients and their siblings, suggesting that function at this stage may be reflective of a trait deficit

(Cannon et al 2000a; Jones et al 1994a). Crow et al (1995) also showed that children who go on to

develop schizophrenia have poorer reading and mathematical ability at the age of 7 and are slower in

achieving developmental milestones relative to equivalent aged control children and children who

later develop affective psychosis or neuroticism (Crow et al 1995).

Prospective conscript cohort studies are additionally advantageous in that most males eligible for

service between 16 and 17 years old will be assessed with standard psychometric tests at entry to the

military service and at regular points thereafter. This reduces the labour intensiveness associated with

birth cohorts, which must follow a sample from birth through the putative period of risk, thus

requiring monitoring over a longer period of time and suffering from high rates of attrition in the

process. Caspi et al (2003) compared performance of 44 adult schizophrenic patients, between a first

psychometric assessment (when all were 16-17 year old Israeli draft board conscripts and during

which time, and for 2 years afterwards, none had any psychotic symptoms), and a second

psychometric assessment between 2 and 14 years afterwards (prior to discharge following a first

episode schizophrenia). Although there were no changes in conscript performance between the two

assessment points, comparison with an age matched control group revealed poorer performance of the

patients both premorbidly and following first episode psychosis, as well as a deterioration relative to

controls on a test of abstract reasoning, mental speed and concentration (Caspi et al 2003). Like Jones

et al (1994), David et al (1997), in an investigation of 50, 000 18 year old male Swedish army

conscripts (195 of which developed schizophrenia and 192 of which developed a non-psychotic

disorder), showed low IQ (specifically in verbal and mechanical knowledge) to be associated linearly

with an increased risk for schizophrenia, while the effect was similar, but less linear for those who

later developed non-psychotic disorders (David et al 1997). In the same way, Gunnell et al (2002)
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showed poor verbal and performance intelligence test scores in 18-year-old Swedish conscripts to be

associated with psychosis development 5 years later (Gunnell et al 2002).

1.3.4 Summary of the differences between premorbid and current general intellectual

ability in schizophrenia

In spite of large participant numbers in both cases, there is poor statistical power due to the low rate of

eventual schizophrenia development in these samples. Moreover, studies are weakened by low

attrition and outdated or overly general methods of assessment, especially longitudinal designs.

However, despite this, findings from follow back and cohort studies seem to consistently suggest that

low general intellectual ability from an early age, in individuals who develop schizophrenia in

adulthood, may be considered a risk factor for schizophrenia (Cannon et al 2000a; David et al 1997).

However, this is not a discrete risk factor given that low IQ is also present in individuals who later

develop affective and non-psychotic disorders (David et al 1997; Guerra et al 2002; Isohanni et al

1998). In addition, the declines in intellectual function which have also been reported occurring in

early adolescence (12-16 years old), suggest that if not pre-existing and deteriorating further, then

cognitive deterioration in those who later develop schizophrenia may occur at a significant

developmental stage pre adulthood (Ang and Tan 2004; Fuller et al 2002).

It is therefore encouraging that cognitive indicators of risk for the later development of schizophrenia

may be present a considerable time before onset. With this in mind, researchers have increasingly

focused on the investigation of groups of individuals who are currently well, but at an enhanced risk

for development of the disorder, as a means of identifying those factors, which may exclusively

predict schizophrenia onset.

1.4 Genetic liability to schizophrenia

1.4.1 Genetic liability

Although there is a risk of 1 in 100 that a member of the general population will develop

schizophrenia, this likelihood is approximately 10% in individuals with a first degree relative with the

disorder. Moreover, family, twin and adoption studies have revealed the risk of psychosis to increase
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as a function of the number and proximity of relatives affected, such that risk is about 46% when both

a parent and a sibling manifest the disorder, and about 50% for the unaffected member of a pair of

monozygotic twins (Gottesman 1991)(see figure 1.2). While it is notable both that schizophrenia is

not a Mcndclian condition and that a significant proportion of schizophrenic patients do not have

genetically related affected relatives, nonetheless genetic predisposition is the most robust risk factor

for schizophrenia to date (Kendler and Diehl 1993).

The development of schizophrenia is now conceptualised as occurring along two continua (Cannon et

al 2003). The first being the genetic-environmental continuum, where the interaction between genetic

and non-genetic influences increases the risk for manifestation of the schizophrenia phenotype, and

the second, the environmental or maturational continuum, impacting throughout the developmental

stages of life. Because the genotype alone is not sufficient for the development of schizophrenia,

deficits present in unaffected relatives are considered 'vulnerability1 or 'trait' deficits, while those

associated with the overt phenotypic expression of schizophrenia could be considered 'disease-related'

or 'state-related' deficits (Cannon et al 2003).

Figure 1.2 Relative risk for schizophrenia (Gottesman 1991)
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Genetic studies of schizophrenia have attempted to identify relationships between genes and familial

or population based schizophrenia. Linkage studies have investigated associations between specific

genetic loci and the incidence of schizophrenia in multiple families, segregation analyses have

examined transmission through disease phenotypes in nuclear families and pedigrees, and association

studies have compared the frequency of specific alleles in non genetically related affected individuals

and matched controls (Kendler and Diehl 1993; Weinberger et al 2001). The inconsistent results

which have previously emerged may be due to the weak predictive relationship between the

phenotype and genotype, the limitations of restrictive diagnostic classifications, and the heterogeneity

and symptom overlap in psychiatric disorders (Sivagnansundaram et al 2003). Nonetheless, more

recently, a number of linkages to chromosomal regions have been shown across studies (i.e. loci 8p

and 22q), and several candidate genes have been proposed, all of which act upon brain synaptic

connectivity through their varying influence over the transmission of the excitatory neurotransmitter

glutamate at N-methyl-D-aspartate (NMDA) receptors (i.e. G72, D-amino acid oxidase (DAAO),

Neuregulin (NRG1), Regulator of G-protein signalling (RGS4), Dysbindin (DTNBP1), Proline

dehydrogenase (PRODH), and Catechol-O-methyltranferase (COMT)). Given the apparent genetic

complexity of the disorder, it makes it more likely a product of several 'susceptibility1 genes, some of

which may also be contenders for the underlying genetic components to other psychiatric conditions,

such as bipolar disorder. In fact, Gottesman and Shields initially postulated polymorphism as a model

for the genetic underpinnings of schizophrenia in their liability/threshold model as early as 1967. This

assumes that liability for the disorder is distributed normally in the population, and will be manifested

through the additive effects of multiple genes and the environment. The enhanced genetic liability in

relatives of schizophrenics increases their chances of exceeding a hypothetical threshold for the

manifestation of the illness (McGuffin et al 1995).

Becker (2004) outlines a similar hypothetical model for complex genetic disorders such as

schizophrenia, called the Common Variants/Multiple Disease Hypothesis of Complex Genetic

Disorders. Comorbidity is well known in disorders such as schizophrenia and bipolar disorder, while

schizoaffective disorder is also common in families with incidences of both schizophrenia and/or

affective disorder. Becker suggests that this overlap of clinical characteristics is due to multiple
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interacting genetic loci contributing small effects in an additive manner to several disorders, and that

when combined with external environmental influences such as stress, pollution, diet and

developmental stages, the specific disorder may manifest itself (Becker 2001). Thcso models propose

that multiple disease producing alleles occur at high frequency within the general population and

explain both the observation of increasing risk with an increasing number of affected relatives and the

persistence of such disease in the population, despite the negative impact on reproductive fitness

(Becker 2004; McGuffin et al 1995).

However, the potential multitude of gene interactions fundamental to schizophrenia, will also give rise

to a proliferation of complex phenotypes. This highlights the need for a simplification in the search for

susceptibility genes, by focusing on different families in which the disorder aggregates or in distinct

clinical sub-types of the disorder, which may reflect separate aetiologies and separate susceptibility

genes (Kendler et al 1997; Weinberger et al 2001). In this way it is hoped that more specific

phenotypes will provide clues to its genetic underpinnings.

Susceptibility genes may impact directly on the intermediate phenotypic expression of the disorder.

Weinberger et al (2001) asserts that this relationship makes intermediate phenotypes powerful

indicators of genetic vulnerability in families. An intermediate phenotype can take many forms, be it

neuropsychological, neurophysiological, biochemical, neuroanatomical or endocrine (Gottesman and

Gould 2003). Gottesman and Gould defined an endophenotype for a disease as 'a measurable

component unseen by the unaided eye along the pathway between disease and distal genotype'.

However, in order to be a reliable and useful endophenotype, it must fulfil certain criteria. Firstly, it

must have specificity for the disorder under study and be an enduring stable trait throughout the

course of the illness, whilst being relatively invulnerable to state related effects. It must also be

heritable, co-segregate in families with the illness and be present and stable in unaffected relatives

with the disorder to a greater extent than in the normal population (Gottesman and Gould 2003;

Heinrichs 2001).
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1.4.2 Family and High Risk studies

1.4.2.1 Family studies

Investigation of individuals at an enhanced genetic risk for the disorder has allowed for the elucidation

of any underlying cognitive trait abnormalities of schizophrenia. These assessments are freed from

some of the more difficult confounds such as stage of illness, symptom types and medication effects,

due to the fact that none of the sample are actually ill (and are unlikely to become ill ifover the age of

45). Indeed, cognitive impairments in this group, based on a comparison with a matched control

group, are inherently subtle and performance would not generally be classified as sub-normal. This

makes differences in performance between groups even more compelling. Impairments found in

unaffected relatives of schizophrenics, relative to healthy controls, which are both stable and milder

than but consistent with impairments found in schizophrenia, may qualify as 'vulnerability' deficits, or

reflections of a predisposition to the disorder. However, importantly, cognitive deficits associated

with schizophrenia could also be considered intermediate phenotypes for the disorder, given that

impairments are generally more severe in patients with schizophrenia, than in unaffected relatives.

1.4.2.2 High Risk studies

Without measuring neuropsychological performance in relatives of schizophrenics over time, it is

difficult to assess how far cognitive deficits reflect an increased risk for the development of

schizophrenia. Secondly, it is unclear whether development of psychotic symptoms interferes with or

is associated with further reductions in performance and to what extent changes could be viewed as

predictors of future psychosis. Prospective high-risk studies have attempted to resolve these issues by

monitoring the cognitive function of young people at high risk of schizophrenia, by virtue of their

close blood relationship to schizophrenics, over an extended period. In such a way the development

of the illness in some participants can be investigated in relation to potential cognitive indicators

(Cornblatt and Obuchowski 1997; Ott et al 1998).

High-risk groups (defined as groups of people who have a greater statistical chance of developing

schizophrenia relative to the general population) have traditionally been selected based on genetic

relatedness, a more robust risk factor than any previously described environmental factors (Cornblatt
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and Obuchowski 1997; McGuffin et al 1995). The majority of high-risk projects recruited the

offspring of schizophrenics, with a risk for development of 10% with one affected parent. However,

this criterion precludes generalisation to the population as a whole, because findings will be based on

a familial form of schizophrenia. Moreover, while this method allows for follow up, most early

investigations have had to span at least 20 years in order to monitor performance of schizophrenic

offspring through the period in which they are most likely to develop schizophrenia, leading to high

rates of attrition. This is further confounded by the relatively small number of participants who do

eventually develop schizophrenia, thus it has been crucial for initial samples to be large enough to

withstand both high rates of attrition and low rates of transition to psychosis (Cornblatt and

Obuchowski 1997; Niemi et al 2003).

In spite of these difficulties, high-risk studies have provided an interesting insight into the

development of high-risk children over time. The recent comprehensive review of Niemi et al (2003),

details the findings of childhood developmental abnormalities from high risk studies (i.e. those at

genetically enhanced risk for development of the disorder)(i.e. New York Infant Study

(/952)(established to test pandysmaturation hypothesis) Copenhagen High Risk Study (1962),

Edinburgh High Risk Study (1994), Israeli High Risk Study (1964), Minnesota HR study (1968),

Rochester Longitudinal Study (1970) (data collection began during affected mother's pregnancy), New

York High Risk Study (1971), Stony Brook High Risk Project (1971), University of Rochester Child

and Infant Study (1972), Jerusalem Infant Development Study (1973) (data collection began during

affected mother's pregnancy), Swedish High Risk Study (1973) (data collection began during affected

mother's pregnancy), Helsinki High Risk Study (1974), Emory University High-Study (1981) Boston

National Collaborative Perinatal Project (1959) (data collection began during affected mother's

pregnancy), and St Louis Risk Research Project (1966) (Niemi et al 2003). Niemi et al (2003)

concluded that children at high-risk for schizophrenia (between the ages of 0 and 12) showed greater

developmental abnormalities relative to control children (i.e. poor psychomotor development, and

impaired coordination, balance and gross motor skills). In addition, they report the presence of lower

intellectual, memory and attentional function and more maladaptive emotional and social behaviour in

high-risk children when compared to controls (Niemi et al 2003). These findings support evidence
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from the follow back, conscript and cohort studies, which also show correlations between delayed

motor development (Jones et al 1994b), and poor general intellectual ability, in children who later

develop schizophrenia (Crow et al 1995; David et al 1997; Kremen et al 1998a). Several of the

original high-risk studies have since followed participants over an adequate period of time to allow for

investigation of adult clinical outcome (Copenhagen High Risk Study (1962), Finish Adoption Study

(1962), Israeli High Risk Study (1964), Jerusalem Infant Development Study (1973), New York Infant

Study (1952), New York High Risk Study (1971), Swedish High Risk Study (1973), St Louis Risk

Research Project). Results from these follow-up studies provide evidence of factors which are

predictive of future schizophrenia development such as poor cognitive, social and emotional function,

and greater prevalence of neurotic and psychotic symptoms (Niemi et al 2003).

However, in addition to the noted methodological limitations of traditional high-risk models, clinical

and neuropsychological measures incorporated into studies, which began 20 or so years ago, are often

inappropriate or outdated by the time participants reach their age of maximum risk for the disorder. A

wider range of measures, as well as a shorter follow up period and more enriched sample of high-risk

participants is therefore required to improve understanding of both trait deficits and any state related

factors which are prevalent in the pre-psychotic phase. Ultra high-risk or close-in strategy models

have since been developed to increase the rate of sample participants eventually developing psychosis,

and decrease the follow up period preceding this development. This is facilitated by the selection of

help seeking participants close to the age of maximum risk for development of the disorder. In this

way participants are generally experiencing changes in mental functioning, are most probably

symptomatic (attenuated or intermittent psychotic symptoms), and in some cases may also have close

relatives already affected by a schizophrenia related disorder (McGorry et al 2003). The advantages of

this model include the early identification of young people who may quickly develop a psychotic

disorder, and in some cases early intervention which may ameliorate its development (Lieberman et al

2001; Wolkin and Rusinek 2003). However, if functional changes are occurring at an earlier stage,

then crucial information regarding the development of the disorder may be available even before

clinical manifestations of psychosis and is more likely to be gleaned from individuals who have not

yet sought help.
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1.5 Cognition in unaffected relatives of schizophrenics

1.5.1 Attention

Erlenmeyer-Kimling and Corablatt (1992) (New York High-Risk Project) have asserted that global

attention is a consistent deficit in offspring of schizophrenics, and a potential behavioural marker for

later schizophrenia development (Erlenmeyer-Kimling and Cornblatt 1992; Erlenmeyer-Kimling et al

2000). High-risk studies therefore provided initial evidence of sustained attention deficits in relatives

of schizophrenics (Mirsky et al 1995; Neuchterlein and Dawson 1984). Sustained attention is

considered the ability to maintain alertness over extended periods of time and is generally assessed

using the Continuous Performance Test (CPT), during which participants are presented with a

continuous stream of stimuli (i.e. letters, numbers and shapes) and required to respond to selected

target stimuli while ignoring all others (Lezak 1995). Some studies have reported poorer CPT

performance in relatives compared to controls using the verbal aspect of task (i.e. numbers) (Chen et

al 1998; Egan et al 2000), poorer performance on the more difficult aspects of CPT (i.e. blurred single

target version) (Maier et al 1992) or on distraction/degraded stimulus conditions (Egan et al 2000;

Saoud et al 2000; Wittorf et al 2004), worse performance on the verbal over spatial CPT stimuli (i.e.

shapes) (Appels et al 2003), spatial over verbal stimuli (Laurent et al 2000; Laurent et al 1999), both

(Franke et al 1994), or no differences at all on either verbal, spatial or auditory stimuli (Cosway et al

2002; Faraone et al 1995; Kremen et al 1998b). However, methodological differences across studies,

such as non randomised stimuli presentation (Appels et al 2003), studies controlling for IQ differences

where others do not (Cosway et al 2002; Laurent et al 1999) and inconsistent usage of different test

versions, has lead to difficulties in generalising results. A recent meta-analysis showed a small to

moderate effect size of 0.35 for CPT, based on 11 studies of unaffected biological relatives and

controls, although a significant Q statistic (27.6, p<0.01) indicated considerable heterogeneity across

investigations (Sitskoorn et al 2004a). Heinrichs (2000) reported a similar lack of homogeneity in

CPT results in schizophrenia patients, possibly also attributable to the wide variety of types and

formats of CPT applied (Heinrichs 2001).
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The trail-making test is often included in studies of neuropsychological performance as a test of

attention and executive function. Part A involves the joining up of randomly scattered numbers and is

a measure of perceptual motor speed, while Part B involves the added condition of alternating sets,

with letters to be joined consecutively after each number. While a number of studies have reported

significant differences between groups on both aspects of the trail-making test (Gochman et al 2004;

Ismail et al 2000; Wittorf et al 2004), some report differences only on trails B (Egan et al 2001; Keefe

et al 1994; Laurent et al 2000; Laurent et al 1999) and others no significant differences on either

aspect (Appels et al 2003; Dollfus et al 2002; Goldberg et al 1995; Zalla 2004). Trails B appears to

be impaired in relatives compared to controls, even after controlling for the contribution of perceptual

motor speed. This aspect of trail-making may therefore be more appropriately viewed as a measure of

alternating sets, and therefore a test of executive function (Keefe et al 1994; Laurent et al 2000).

Sitskoorn et al (2004) reported an effect size of 0.38 for trail-making A and a considerably larger

effect size of 0.51 for trail-making B (time on part B and part B-part A), based on the meta-analysis of

10 and 12 studies respectively (Sitskoorn et al 2004a).

Unfortunately, the trend for aggregating neuropsychological performance scores has lead to an

obfuscation of the true levels of deficit in the domain of attention. Although Kremen et al (1994)

identified three separate factors, which could be considered components of attention, not all studies,

have aggregated tests specific to these factors. These include Perceptual motor speed (Stroop test,

digit symbol, digit cancellation tests and the trail-making test), Mental control/encoding (WAIS digit

span, arithmetic and mental control sub-tests), and Sustained Attention (CPT, dichotic listening)

(Kremen et al 1994). Faraone et al (1995) and Kremen et al (1998) showed significant differences

between relatives and controls in sustained attention after controlling for age, gender, and IQ.

However, given the non-significant difference in auditory CPT, this will have been mainly attributable

to poor performance on the dichotic listening test (Faraone et al 1995; Kremen et al 1998b). Neither

of the two groups showed significant differences between unaffected relatives and controls on

perceptual motor speed or mental control/encoding (Faraone et al 1995; Kremen et al 1998b).

Similarly, Mirsky et al (1992) showed no differences between groups on the latter factor (Mirsky et al

1992, as cited in (Kremen et al 1994)). Cannon et al (1994) showed controls to perform significantly
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better than both schizophrenic probands and relatives of schizophrenics on their aggregate score of

attention, which included WAIS Digit span, trail-making A, WAIS Digit symbol, Stroop test and CPT

vigilance/ distractibi 1 ity test (Cannon et al 1994). Differently again, Krabbendam et al (2001),

identified working memory ability (WAIS Digit span and modified trail-making/concept shifting test),

and speed (Stroop test and digit symbol substitution test) as two of four factors emerging from a

principle components factor analysis. Multiple regression analysis showed them to be significant

predictors of family group membership (Krabbendam et al 2001). This pattern of findings suggests

that some aspects of attention, as defined by combined performance on various tests, may be impaired

in the unaffected relatives of schizophrenia patients. However, aggregated scoring may mask true

levels of dysfunction. Moreover, some tests selected as measures of attention, such as digit span, may

be better described as measures of verbal short term or working memory.

1.5.2 Executive function

A number of family studies have also shown deficits in relatives of schizophrenics on tests of

executive function, such as the Stroop test, which requires the timed inhibition of the response to

name the colour word presented and instead name the colour of ink in which the word is printed

(Cannon et al 1994; Dollfus et al 2002; Faraone et al 1995; Kremen et al 1994; Rybakowski and

Borkowska 2002; Zalla 2004). However, several family studies have also shown non significant

differences between groups for this test (Byrne et al 2003; Goldberg et al 1995; Kremen et al 1998b;

Laurent et al 2000). Sitskoorn et al (2004) reported a small effect size of 0.28 for the Stroop test,

based on the meta-analysis of 8 family studies (Sitskoom et al 2004a).

Less robust differences are also apparent on the Wisconsin Card Sorting Test (WCST), which

measures conceptual shifting (categories) and getting stuck in a previous mode of responding

(perseveration)(Appels et al 2003; Condray et al 1992; Dollfus et al 2002; Goldberg et al 1995; Ismail

et al 2000; Keefe et al 1994; Kremen et al 1998b; Laurent et al 1999; Saoud et al 2000; Wittorf et al

2004; Zalla 2004) with only a few exceptions (Egan et al 2001; Faraone et al 1995; Franke et al 1992;

Rybakowski and Borkowska 2002; Toomey et al 1998)(Mirsky 1992 et al as cited in (Kremen et al

1994). Kremen et al (1992) suggest that increased WCST perseverative response but preserved or
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less impaired non-perseverative response (i.e. categories) in healthy siblings relative to controls (i.e.

Kremen 1992, Egan et al 2001, Toomey et al 1998) highlights a dichotomy between trait and state

deficits on this test. However, this test is also shown to be associated with age, so it's worthiness as a

cognitive indicator of vulnerability may be limited (Franke et al 1992). Sitskoorn et al (2004) showed

an effect size of 0.29 for WCST performance between relatives of schizophrenics and controls

(Sitskoorn et al 2004a).

The small effect size for the WCST and Stroop, and considerable effect size for trails B, reported by

Sitskoorn et al (2004), suggest differences in the aspects of function being directly measured by each

task (Sitskoorn et al 2004a). The former result is surprising in some respects, given the wide

application of WCST in assessment of patients, with consistent deficits demonstrated in perseveration

and categories achieved. However, there is evidence of preserved WCST performance with feedback

in schizophrenia (Bellack et al 1990) and abstraction performance was demonstrated as the least

impaired of a number of cognitive functions in patients (Saykin et al 1994). Similarly, Faraone et al

(1995) showed relatives' performance to improve over time on the WCST, after showing a mild deficit

at baseline. This suggests that conceptual shifting and inhibition of irrelevant response may be

features of the illness itself, more than trait deficits in unaffected relatives, whereas the set-alternation

measured by trails B may be a more promising indicator of genetic vulnerability.

1.5.3 Spatial working memory

Spatial working memory deficits have also been identified in relatives of schizophrenia patients.

Oculo-motor delayed response tasks require the online maintenance of the spatial position of a

previously presented target across a brief delay period, before guiding eye movements (saccades) to

the position of the previously presented item. Sensori-motor control tasks normally differ only in the

removal of the delay period following target presentation. Memory guided anti-saccadic eye

movement tasks additionally require an inhibition of response, by requesting that patients do not

glance in the direction of the previously presented stimulus until cued. Glahn et al (2002) showed a

negative relationship between genetic loading for schizophrenia and performance on a spatial delayed

response task in twins discordant for the disorder and controls. The number of spatial locations was
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varied parametrically, while encoding time and button pressing was held constant across trials.

Interestingly, the magnitude of difference between groups was not influenced by set size (i.e. 1 or 5

locations to be remembered), suggesting that a fundamental disruption occurred at the encoding stage

(i.e. iconic to working memory visuo-spatial sketchpad) or disruption during the maintenance of

location information. McDowell et al (2001) showed an increase in the number of saccades generated

during the delay period in relatives compared to controls (Glahn et al 2003; McDowell et al 2001).

During an oculo-motor delayed response task, Park et al (1995) showed increased reaction times

during memory saccades, and a larger number of errors in both relatives and patients compared to

controls, which may have reflected difficulties in maintaining a spatial representation in memory over

the short delay period (Park et al 1995). Ross et al (1998) did not replicate the finding of increased

reaction times, and additionally showed poorer accuracy in the relatives of schizophrenics 'least likely

to be carriers of genetic risk for schizophrenia' than those with a positive family history for the

disorder. Conversely, those with a positive family history and patients exhibited more impaired

response inhibition than controls (Ross et al 1998). Finally, Myles-Worsley et al (2002) reported no

differences in a sensori-motor control task, but less accuracy and increased response times during a

delayed response task in relatives, which were less than in patients, but greater than in controls. More

interestingly, this was apparent in families on a remote Micronesion island in the Pacific, where

schizophrenia clusters in multi-generational families and prevalence is double that in the rest of the

world. Given that this parallels the deficit apparent in Caucasian families, this result further supports

the observation that schizophrenia is phenomenologically similar throughout the world, irrespective of

culture and ethnicity. The ability to maintain spatial representations in working memory and inhibit

response may be important indicators of dorsolateral prefrontal lobe integrity (Myles-Worsley et al

2004; Myles-Worsley and Park 2002).

1.5.4 Summary

These results suggest that unaffected biological relatives of schizophrenics do show similar

impairments to patients on some aspects of executive function (i.e. set-alternation and perseveration)

and visuo-spatial working memory (i.e. information acquisition and maintenance), but less consistent

results in the domain of attention challenge our ability to make inferences about attention performance
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in relatives. These results further imply a possible deficiency in prefrontal areas responsible for

response monitoring and maintenance. However, given that cognitive functions are supported by a

diversity of regional brain responses and therefore cannot be localised to isolated brain regions, it is

more likely a reflection of an impaired fronto-brain network, possibly implicating the anterior

cingulate, temporal and parietal lobes and cerebellum, as apparent in schizophrenia.
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1.6 Declarative memory and intelligence in unaffected adult relatives of

schizophrenics: A Systematic Review

Although neuropsychological impairments in schizophrenia are diverse (Bilder 1996; Heinrichs and

Zakzanis 1998), deficits in the domains of executive function and memory are now considered

especially prominent (Aleman et al 1999; Cirillo and Seidman 2003; McKenna et al 1990; Saykin et al

1991; Saykin et al 1994). Moreover, although verbal memory impairment in schizophrenia has not

been established as a differential deficit, several studies have reported larger effect sizes for verbal

memory than for other cognitive functions (Saykin et al 1991; Saykin et al 1994; Toulopoulou et al

2003 a; Toulopoulou et al 2003b). Interestingly, this has been additionally shown in unaffected

relatives of schizophrenic patients (Sitskoorn et al 2004a). Verbal memory could therefore be

considered a core deficit of the disorder and for this reason my thesis will concentrate fundamentally

on this aspect of function in relatives of schizophrenics.

The purpose of this review is to systematically and quantitatively review the literature investigating

declarative verbal and non verbal memory performance in healthy, non-psychotic, first degree

relatives of schizophrenic patients, when compared with normal controls, in order to clarify the nature

and magnitude of the memory impairment. In addition, effect sizes are also derived for measures of

intellectual function acquired in the included studies, as a means of qualitatively comparing relative

global intellectual performance with memory ability.

Heinrichs and Zakzanis (1998) organised measures of memory into one of two categories. Global

memory, which included summed trial recall and general learning indices (d =1.53), and selective

memory, which included specific scores such as intrusion rate, forgetting, recognition and recall on

specific trials (d =1.11). Aleman et al (1999) more discretely calculated separate effect sizes for

verbal and non-verbal cued and free recall and recognition, and digit span backwards and forwards.

Finally, Sitskoom et al (2004) combined scores on three tests of verbal memory-the Rivermead

Behavioural Memory Test (RBMT), the California Verbal Learning Test (CVLT) and the Wechsler

Memory Test (WMS) to derive one effect size for verbal memory in relatives of schizophrenics

compared to controls. In this quantitative review, we sought to refine these estimates for specific
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declarative memory tests. We have therefore looked at performance on individual tests of short and

long-term declarative episodic and semantic memory, which have been used consistently throughout

the literature to compare relatives of schizophrenic patients with controls. Finally, where possible, we

have qualitatively compared effect sizes to those reported in reviews of memory in schizophrenia

(Aleman et al 1999; Cirillo and Seidman 2003; Heinrichs and Zakzanis 1998).

In many studies where large batteries of varied neuropsychological tests have been administered,

researchers have grouped tests into functional domains according to the common factor they may be

measuring, either through subjective selection, or based on cluster analytic studies, in order to reduce

the number of statistical tests carried out, or in the hope that identification of selective cognitive

deficits will be strengthened (Kremen et al 1994). Flowever, methods of classification are not always

consistent across studies, clouding further the conclusions drawn from neuropsychological

assessments. For this reason aggregated scores cannot be included in the quantitative analysis.

However, a general qualitative overview of the relevant literature not meeting the criteria for inclusion

in the quantitative analysis is also provided.

1.6.1 Methods

1.6.1.1 Criteria for inclusion

Case control and cohort studies published between 1965 and 2004 were considered for inclusion

where neuropsychological assessments were performed on a sample of no less than 10 non-psychotic

first or first & second degree relatives of schizophrenic patients and 10 healthy non-psychiatric control

participants. Studies examining participants under the age of sixteen were not included. This was

based on similar factors to those outlined by Kremen et al (1994)(Kremen et al 1994). Aside from not

yet being within the maximum risk age period for development of the disorder, and therefore a group

comprised of both pre-schizophrenics and those who will never develop the disorder, children will

also have been at a different developmental stage from adults at the time of testing. This means that

the structure and function of the frontal lobes will be immature in children relative to controls. Both

groups will have different life and educational experiences, and some test formats will be less familiar

to and less appropriate for children than for adults, thus restricting comparisons between groups. It
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was also necessary that studies had used at least one of the memory tests listed in table 1.1 (for ease of

discussion, these tests have been classified under short and long term episodic and semantic memory

for both verbal and visual information), ensuring that only measures of memory derived from the

same groups of tests were included in the analysis. Only studies providing sample numbers, test

means and standard deviations for each group were included in the analysis. Where standard

deviations were not provided, these were imputed from the largest standard deviation from all studies

measuring performance on the same scale. Where studies listed limited statistical values (i.e. F or t),

we attempted to reconstruct the original summary data in accordance with established methods.

Table 1.1: Neuropsychological tests used across included studies

Immediate memoy Stories: WMS- Logical Memory test/RBMT Story recall

Words: CVLT/AVLT trial 1 recall

Digits: WAIS-R or WMS-R Digit span forwards and backwards (working memory)
Figures: Visual WMS-R Visual Reproductions

Delayed memory Stories: WMS- Logical memory test/RBMT Story recall (delayedVHeaton story learning test

Figures: Visual WMS-R Visual reproductions (delayed)

Verbal Learning Words: Total recall over five trials CVLT/AVLT, paired associate learning

Semantic retrieval Verbal phonological fluency (cued with letters)

Verbal category fluency (cued with category exemplars)

IQ NART (verbal), WAIS-R (general)

WAIS-R Wechsler Adult Intelligence Scale-Revised; WMS-R Wechsler Memory Scale-Revised; CVLT- California Verbal
Learning Test, NART- National Adult Reading Test, RAVLT- Rey Auditory Verbal Learning Test, AVLT- Auditory Verbal
Learning Test, RBMT- Rivermead Behavioural Memory Test

1.6.1.2 Search

Relevant studies were identified from the databases Medline (using Science Direct interface,

http://www.sciencedirect.com/), Psycinfo (using the Bath Information Database interface,

http://www.bids.ac.uk/) and the Science Citation Index (using ISI Web of Knowledge

http://wok.mimas.ac.uk/") for 1965-2004. This was followed by a hand search of the journal

Schizophrenia Research and a search of the reference sections of chosen articles for additional studies

of relevance. Search terms included:

(1) Schizophrenia and genetic liability and memory

(2) Schizophrenia and relatives and memory

(3) Schizophrenia and family and memory

(4) Schizophrenia and family and neuropsychology
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(5) Schizophrenia and genetic liability and neuropsychology

(6) Schizophrenia and relatives and neuropsychology

Table 1.2: Tabulation ofsearch results 1965-2004

Search words Abstract databases

Medline

(60-04)

Psycinfo

(67-04)

Science

Citation

(60-04)

Schizophrenia

Research

Total

Schizophrenia and

family and

memory

1253 90 100 16 1459

Schizophrenia and

genetic liability

and memory

8 5 15 2 30

Schizophrenia and

relatives and

memory

1626 64 140 44 1874

Schizophrenia and

family and

neuropsychology

344 61 17 6 428

Schizophrenia and

genetic liability

and

neuropsychology

12 4 4 1 21

Schizophrenia and

relatives and

neuropsychology

551 44 32 11 638

3794 268 308 80 4450

A total of 4450 articles were identified from the search of abstract databases with a considerable

overlap in the potential articles produced from each search, on each database (see table 1.2). Studies

were initially rejected or selected based on a reading of the abstracts. Selected studies were then

acquired in full text.
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1.6.2 Analysis

All studies listing independent means (interval scale data) and standard deviations for each group (or

exact t values) were included in the meta-analysis. The analysis was computed with the meta-analysis

statistics package STATA (www.stata.com) using fixed and random effects models. The standardised

mean difference was calculated for each study. This is the difference between the experimental group

mean and the control group mean divided by the pooled standard deviation (i.e. the root mean square

of the two standard deviations). The sampling variance d effect size was corrected for biased

estimation in small sample sizes using Hedge's correction (Hedges & Olkin 1985). The pooled effect

size from all studies was estimated using two methods. Fixed effects estimates were calculated by

weighting each study by the inverse of its sampling variance. This model assumes no between study

variation in effect size and only one common effect in all studies. Studies were also analysed using a

random effects model, which allows for variation between studies in terms of the true effect size.

Between studies variance was incorporated into the model using a product-moment estimate. Cohen

classified effect sizes of 0.2 to 0.4 as small, 0.5 to 0.7 as medium, and 0.8 and above as large (Cohen

1988). Individual study estimates were plotted alongside the pooled estimate using a forest plot, and

only forest plots following random effects analysis have been presented (see figures 1.3-1.15).

The assumption of homogeneity was tested using Cohen's Q statistic, which compares the variance of

a set of effect sizes with the variance expected by sampling error (Chi-square distribution, Q statistic,

2 tailed probability) (Shadish and Haddock 1994, p266 as referenced by (Alferes 2003)). In addition,

the I squared statistic provides a measure of the degree of inconsistency in results by giving the

percentage of total variation across studies attributable to heterogeneity rather than chance, and is

considered a more sensitive indicator of heterogeneity than the Q statistic (Higgins et al 2003).

Higgins et al (2003) tentatively describe values of 25%, 50%, and 75% as indications of low,

moderate, and high heterogeneity respectively. Where a test shows significant heterogeneity across

studies, Galbraith plots present the standardised mean differences of individual studies plotted along

with the overall 95% confidence intervals for that test. Publication bias, which describes the tendency

for publication or non-publication of research results based on the nature and direction of results, was

also tested using Egger's weighted regression test (see table 1.3b).
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1.6.3 Results

The 61 studies selected were acquired in full text and 27 relevant studies, comprising 1109 relatives of

schizophrenics and 878 controls, met our inclusion criteria for review. 2 studies from each of 3

research groups were included in the final selection (Byrne et al 2003; Byrne et al 1999; Faraone et al

2000; Goldberg et al 1995; Goldberg et al 1993; Seidman et al 2002a) This enabled the extraction of

data not available from a research group's most recent paper (with the exception of Faraone et al

(2000), and Seidman (2002), where data was taken where possible from the larger of the two studies

i.e. Faraone et al (2000)). These details are included within table IE (Appendix 1), which lists all

studies included in the meta-analysis. The results of the meta-analysis are shown in table 1.3a. An

additional table IF (Appendix 1) lists those studies included in a qualitative review of the literature,

but excluded from the quantitative analysis due to non fulfilment of inclusion criteria.
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Table 1.3a: Results ofmeta-analysis

Memory task No. Rels Controls d d t P (One 95% Chi-

studies N N (fixed (random tailed) CIs Square
K effects effects d

mean mean

weighted weighted

effect effect

size) size)

Trial 1 list recall 3 201 66 0.65 0.65 4.4 <0.001 0.36-0.95 0

Immed. story recall 12 759 489 0.55 0.55 8.5 <0.001 0.42-0.65 10.1

Delayed story recall 9 587 368 0.51 0.51 6.7 <0.001 0.36-0.66 6.5

NARTAVRAT 8 544 306 0.37 0.49 2.9 0.003 0.16-0.81 26.8

CVLT 1-5 total 6 496 187 0.43 0.44 4.5 <0.001 0.25-0.63 5.7

Verbal letter fluency 11 672 365 0.41 0.42 4.5 <0.001 0.24-0.60 15.7

Paired associates 4 227 189 0.41 0.41 3.8 <0.001 0.19-0.62 2.3

Immed. visual recall 8 583 358 0.44 0.41 2.8 0.005 0.12-0.69 12.4

Verbal cat. fluency 9 611 290 0.36 0.39 3.8 <0.001 0.19-0.59 13.5

Digit Span BW 9 370 299 0.35 0.35 3.9 <0.001 0.17-0.52 8.6

WAIS-R IQ 11 708 433 0.32 0.35 2.8 0.006 0.10-0.59 32.5

Digit Span FW 12 502 414 0.32 0.32 4.4 <0.001 0.17-0.46 11.1

Delayed visual recall 7 546 321 0.30 0.31 3.7 <0.001 0.18-0.61 9.6

Table 1.3b: Results ofEgger's test ofpublication bias

Memory task Publication Bias

t P

Trial 1 list recall -1.40 0.39

Immed. story recall -0.29 0.78

Delayed story recall -0.66 0.53

NART/WRAT -2.16 0.007

CVLT 1-5 total -0.66 0.54

Verbal letter fluency -0.61 0.56

Paired associates -0.55 0.64

Immed. visual recall -0.69 0.51

Verbal cat. fluency -1.5 0.17

Digit Span BW -0.96 0.37

WAIS-R IQ -0.50 0.63

Digit Span FW -1.1 0.31

Delayed visual recall -0.53 0.62
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1.6.3.1 Verbal Immediate Memory: Digit Span

Although digit span is often included in the functional domains of attention, executive function,

mental control and working memory, we have added it to our analysis as a measure of verbal

immediate memory. WAIS Digit span requires the repeating back of a string of digits of increasing

size forwards in the forwards condition and then backwards in tho backwards condition. The

importance of separating scoring for individual measures of span is apparent when it is considered that

different processes may be differentially responsible for the two aspects of the task. Backward span is

thought to measure verbal working memory through the maintenance and manipulation of items in the

hypothetical visno-,spatial sketchpad (i.e. reversal of digits) and phonological loop (i e. artioulatory

rehearsal). Forward span is more likely a measure of the limited capacity verbal immediate memory

system through the articulatory rehearsal of digits within the phonological loop.

Most studies that have combined scores for forwards and backwards digit span have not shown

differences in performance between relatives of schizophrenics and controls, with the exception of

two investigations (Goldberg et al 1995)(Mirsky et al 1988-as cited in (Kremen et al 1994)).

Moreover, studies using aggregated scores have often included digit span as an additional test of

attention, with mixed results (Cannon et al 1994; Faraone et al 1995; Flarris et al 1996; Krabbendam

et al 2001; Kremen et al 1998b). Comparing aspects of digit span separately, several studies have

shown significant differences between groups on both (Conklin et al 2000; Laurent et al 1999).

Appels et al (2003), found a significant difference between parents of schizophrenics and controls on

forwards and a trend for significance on backwards digit span. Shedlack et al (1997) showed a

significant effect of family membership (between controls and schizophrenic families) in both

forwards and backwards span, while Franke et al (1999) found a significant difference between groups

on forwards recurring span (Appels et al 2003; Franke et al 1993; Shedlack et al 1997). However, a

number of studies have found no significant differences between groups on either test (Byrne et al

2003; Chen et al 2000b; Docherty and Gordinier 1999; Franke et al 1993; Gochman et al 2004;

Goldberg et al 1993; Ismail et al 2000; Keri et al 2001; Wittorf et al 2004).
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Following the quantitative analysis, results showed effect sizes for both forward (d=0.32, 95%

Confidence lnterval=0.18-0.46) and backward digit span (d=0.35, 95% Confidence Intervals=0.17-

0.53) to fall within Cohen's small effect size range, based on 12 and 9 studies respectively. This

corresponds approximately to a non-overlap in the distributions of controls and unaffected relatives of

between 21.3 and 27.4% (see figures 1.3 and 1.4).

Figure 1.3 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in forward digit span
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Figure 1.4 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in backward digit span
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The Q statistic for both forward and backward digit span was not significant (chi-squared =11.1 (d.f.

= 11) p = 0.44; chi-squared = 8.6 (d.f. = 8) p = 0.37) and I-squared showed only 0.6% (forward digit

span) and 6.9% (backward digit span) of variation in the standard mean difference to be attributable to

heterogeneity. Although small, the percentage of variation in backwards digit span attributable to

heterogeneity may be influenced by the small study of Goldberg et al (1995), which shows the

opposite direction of effect from all other studies (i.e. relatives performed slightly better than controls

on backwards digit span). This result is difficult to explain with respect to the findings from the other

studies. However, it is possible that the large number of relatives to controls in this study will have

reduced statistical power to detect a significant difference on this test.

Sitskoorn et al (2004) also reported a small effect size of 0.35 for combined WAIS-R Digit Span,

based on a meta-analysis of 10 studies comparing relatives of schizophrenics and controls (Sitskoom

et al 2004a). In a meta-analytic comparison of schizophrenic patients and controls, Heinrichs and
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Zakzanis (1998) showed an effect size of 0.62 for combined digit span, while Aleman et al (1999)

showed effect sizes of 0.71 (95% CI: 0.56-0.86) and 0.82 (95% CI: 0.49-1.16) for forwards and

backwards span respectively (Aleman et al 1999; Heinrichs and Zakzanis 1998). Although the effects

sizes between patients and controls are almost double those between relatives and controls, they are

comparable in that both demonstrate non-significantly greater effects for backwards relative to

forwards span. It is also clear that the confidence intervals for digit span forwards in patients relative

to controls do not overlap with those in relatives compared to controls, suggestive of a possible

disease specific/phenotypic deficit. Given the importance of attention on aspects of memory function,

were attention solely responsible for deficits on this task, then the backward span effect size would

have appeared significantly greater than that for forward span (Aleman et al 1999). This supports

inclusion of this task in measures of memory over and above measures of attention.

1.6.3.2 Verbal Immediate Memory: List recall trial 1

Verbal learning and memory is most consistently measured using auditory verbal learning tests such

as the Rey Auditory Verbal Learning Test (RAVLT) or the California Verbal Learning Test (CVLT).

The CVLT involves dictation by an experimenter of a list of 16 words (presented as a shopping list of

items) to be freely recalled immediately across 5 trials, with 1 trial of interference, immediate and

delayed cued recall, free recall and recognition. This test differs from the RAVLT in that it contains

one extra item. It also allows for measurement of strategic encoding processes because items can be

grouped into specific implicit categories, thus facilitating encoding and later recall. For the purpose

of this review, trial 1 of the AVLT will be included as a measure of immediate word list recall. This

is because this trial is presented prior to additional repetitions and without the semantic structure

which would normally enhance learning of material (Lezak 1995).

Immediate recall of trial 1, like digit span forward, is a basic assessment of the integrity of the

phonological store. On the first immediate recall trial of the CVLT Asamow et al (2002), and Lyons

et al (1995) found no significant differences between relatives of schizophrenics and controls,

although the former study included relatives under the age of sixteen, and therefore is not directly

comparable (Asarnow et al 2002; Lyons et al 1995). Conversely, Byrne et al (2003) and Wittorf et al
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(2004) found a significant difference between relatives of schizophrenics and controls on trial 1 of the

AVLT (Byrne et al 2003; Wittorf et al 2004). The increased difficulty associated with immediate

serial recall without the option of semantic categorisation, even at the first stage of recall, may explain

the difference in results between these studies. However, the results of the meta-analysis for

immediate trial 1 recall do suggest that short-term low load verbal memory is impaired in relatives of

schizophrenics when compared to controls, with an effect size in the moderate range (d= 0.65, 95%

confidence interval = 0.36-0.95). This suggests a hypothetical non-overlap in distributions of

approximately 38.2 to 43.0%. (see figure 1.5).

Figure 1.5 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in trial 1 immediate word list recall
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The Q statistic was not significant (chi-squared = 0 (d.f. = 2) p = 0.99) and I squared showed 0%

variation attributable to heterogeneity (note: this is additionally reflected in the identical results from
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both fixed and random effects models). Given that this result is based on only three studies, it should

be considered tentatively.

Aleman et al (1999) reported an effect size of 1.27 for immediate free verbal recall in a comparison

between patients and controls, the largest reported effect size in a meta-analysis of 17 different aspects

of memory measurement in schizophrenia (Aleman et al 1999). Although this deficit is considerably

greater in the disorder itself, the effect size here is the second largest of all thirteen measures in

relatives of schizophrenics.

1.6.3.3 Verbal Immediate Memory: Story Recall

Story recall is commonly assessed using the Logical Memory subtest of the WMS or the prose recall

aspect of the Rivermead Behavioural Memory Test (RBMT) (although Harris et al (1996) used

Heaton's Story Learning Test). Following the experimenter's reading of a story, participants are

required to immediately recite back the story verbatim and are scored on the number of correct words

or 'ideas' recalled. After a delay of 20-30 minutes, normally filled with a non-verbal task, participants

are required to freely recall as many words/ideas from the original story. This particular test may

place demands on context and associative processing during encoding, in order for the ideas of the

story to be correctly recalled, and may therefore be more difficult than standard verbal list recall tasks.

Several studies have found relatives of schizophrenics to perform worse than controls on immediate

story recall (Faraone et al 1995; Faraone et al 1999; Goldberg et al 1995; Kremen et al 1998b;

Toomey et al 1998; Toulopoulou et al 2003a; Toulopoulou et al 2003b). Faraone et al (2000) found a

significant difference between relatives from multiplex families and controls on the WMS-R

immediate story recall, while Byrne et al (2003) found high-risk participants to score significantly

lower than controls on the immediate story recall aspect of the RBMT (Byrne et al 2003; Faraone et al

2000). However, others have also found a lack of significant differences between groups on this test

(Chen et al 2000b; Egan et al 2001; Goldberg et al 1995; Harris et al 1996; Laurent et al 1999;

O'Driscoll et al 2001; Shedlack et al 1997). In spite of the mixed results for this aspect of memory

recall, the results of the meta-analysis showed the effect size to be in the medium range (d=0.55, 95%
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Confidence Intervals=0.42-0.68) suggesting a hypothetical non-overlap in distributions of between 33

and 38.2 %. The Q statistic was not significant (chi-squared = 10.1, d.f. =11, p=0.52), and I squared

indicated that 0 % of variation in the standard mean difference was attributable to heterogeneity (see

figure 1.6).

Figure 1.6 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in immediate story recall
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1.6.3.4 Verbal Delayed Memory: Story Recall

Several studies have found relatives of schizophrenics to perform worse than controls on delayed story

recall (Byrne et al 2003; Faraone et al 1995; Faraone et al 1999; Kremen et al 1998b; O'Driscoll et al

2001; Seidman et al 2002a; Toomey et al 1998), while others have not (Chen et al 2000b; Egan et al

2001; Faraone et al 2000; Goldberg et al 1995; Laurent et al 1999; Shedlack et al 1997). Effect sizes

for the 9 studies in this domain were however in the medium range, as with immediate story recall

(d=0.51, 95% Confidence Intervals=0.36-0.66). This implies an approximate non-overlap in

distributions of 33%. Furthermore, the Q statistic was not significant (chi-squared = 6.5 (d.f. = 8) p =
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0.58), and I-squared was equal to 0%, implying relative homogeneity across studies included (see

figure 1.7). While Shedlack et al (1997) appears to show the smallest standardised mean difference

between groups, the small sample numbers ensure that this has little impact (4.5% weight) on the

overall effect size for delayed story recall.

Figure 1.7 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in delayed story recall
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1.6.3.5 Visual Immediate Memory

Visual memory recall has been measured in most studies using the Visual Reproductions subtest of

the Wechsler Memory Scale. This involves the copying from memory of a drawing/figure presented

at the start of the test and recall of the picture is after a few minutes and again after a delay of

approximately 20-30 minutes. Although supposedly a test of visual memory ability, some evidence

suggests it may be less sensitive to right hemisphere function than other tests of visual memory,

possibly due to the verbalisability of the figures (Lezak 1995). A number of studies have reported a

significant difference (Faraone et al 2000; Toulopoulou et al 2003b) (multiplex family relatives only

in Faraone 2000), or nearly significant difference between relatives and controls (Byrne et al 1999;
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Kremen et al 1998b) and others no such differences (Egan et al 2001; Goldberg et al 1995; Laurent et

al 1999; Shedlack et al 1997). The results of the meta-analysis showed the effect size to be in the

moderate range for immediate visual recall (d=0.33, 95% Confidence lntervals=0.12-0.54), a non-

overlap in distributions of approximately 21.3%. The Q statistic was not quite significant (chi-

squared = 12.4 (d.f. = 7) p = 0.09), although I squared showed 43.8% variability to be due to

heterogeneity (see figure 1.8(a)).

Figure 1.8 (a) Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in immediate visual recall
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Egan et al (2001) have the largest sample numbers, account for 16.9% of the overall standardised

mean difference and show large variability (standard deviations) for group means in the this test. The

Galbraith plot shows that Egan et al (2001) lie just outside the 95% confidence intervals for this test,

and may be the main contributor to heterogeneity across studies included (see figure 1.8 (b)).

O

Standardised mean difference

(95% CI) % Weight

0.01 (-0.32, 0.35) 16.9

-0.37 (-0.73,-0.00) 15.4

- 0.00 (-0.86, 0.86) 4.8

-0.77 (-1.22,-0.32) 12.2

-0.27 (-0.73, 0.19) 12.1

- 0.16 (-0.55, 0.87) 6.6

-0.56 (-0.87,-0.24) 17.5

-0.43 (-0.83,-0.04) 14.3

-0.33 (-0.54,-0.12) 100.0

82



Figure 1.8 (b) Galbraith plot for studies of immediate visual recall
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Aleman et al 1999, reported a smaller effect size for immediate non-verbal relative to verbal memory

(d=1.00), and while Heinrichs and Zakzanis (1998) did not split immediate from delayed non-verbal

memory, the effect size was smaller than that reported for global verbal memory. Furthermore, as in

our results, the results of non-verbal memory assessment across studies was reportedly more

heterogeneous than those for verbal memory (Heinrichs and Zakzanis 1998).

1.6.3.6 Visual Delayed Memory

While some studies have shown differences on non-verbal delayed recall (Byrne et al 1999; Kremen

et al 1998b), albeit at trend level (Goldberg et al 1995), several others have not (Egan et al 2001;

Faraone et al 2000; Shedlack et al 1997). Wittorf showed significantly poorer performance at baseline

in relatives compared to controls on the delayed aspect of the Rey Complex Figure Test (RCFT),

although significant improvement was apparent on this test at follow up testing a year later.

The results showed effect sizes for this domain to be in the small range (d=0.31, 95% Confidence

lntervals=0.10-0.51), which suggests approximately 27.4% non-overlap in distributions. The Q
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statistic was not significant (chi-squared = 9.58 (d.f. = 6) p = 0.14), although I squared indicated that

37.4% of variability in the mean difference was due to non-homogeneity (figure 1.9).

Figure 1.9 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in delayed visual recall
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It is conceivable that the heterogeneity in the sample means for the visual recall test in Egan et al

(2000) may be responsible for overall heterogeneity once again. Galbraith plots show Egan et al

(2000) as a borderline outlier of the upper limit of 95% confidence intervals for this test. While

Shedlack et al (1997) also show the opposite direction of effect to the other studies, the small study

sample size means this study's impact on the overall standardised mean difference is minimal (7.4%).

1.6.3.7 Verbal Learning: Total recall across 5 trials

The CVLT and RAVLT both combine the total number of words recalled across the first five trials to

give a score of verbal learning (i.e. total recall trials 1-5). For the complete CVLT, Staal et al (2000),

found no significant differences between controls and siblings of schizophrenics, while Wittorf et al

(2004) showed relatives to perform significantly less well than controls across all aspects of the
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RAVLT task (Staal et al 2000a; Wittorf et al 2004). Cannon et al (1994) aggregated performance

scores on the logical memory test, the CVLT, and paired associate learning and found significant

differences between relative and control groups (Cannon et al 1994). Appels et al (2003), Egan et al

(2000), and Lyons et al (1995) showed relatives to recall significantly less than controls over 5 trials

of the CVLT, while Byrne et al (1999) showed the same result over 5 trials of RAVLT (Byrne et al

1999). However, Harris et al (1996) found no significant difference between parents of

schizophrenics and controls on verbal learning over 5 trials (Appels et al 2003; Egan et al 2000; Harris

et al 1996; Lyons et al 1995).

The effect size for verbal list learning across 5 trials was shown to be in the moderate range (d=0.44,

95% Confidence Intervals=0.25-0.63), suggesting a hypothetical non-overlap in distributions of

between 27.4 and 33%. The Q statistic was not significant (chi-squared = 5.7 (d.f. = 5) p = 0.3) and

the low proportion of variation in the standardised mean difference attributable to heterogeneity,

suggests homogeneity across studies (I-squared = 11.7%) (see figure 1.10).
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Figure 1.10 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in total verbal list learning (trials 1-5)

Standardised mean difference

The larger standardised mean differences between groups in Lyons et al (1995) and Wittorf et al

(2004) may be due to their smaller sample sizes. Harris et al (1996) used a sample of parents of

schizophrenic probands, which resulted in a mixture of both positive and negative history parents. It

is likely therefore that performance of negative history parents may have reduced the extent of

differences between positive history parents and controls.

1.6.3.8 Verbal Learning: Paired Word Association

The paired word associates test is a test of verbal learning in which participants are asked to learn

pairs of words and then later recall these words when presented with only one part of the original pair.

Goldberg et al (1995) and Faraone et al (1995) found no difference in performance between relatives

and controls on verbal paired associate learning. This is in contrast to the significant difference found

between relatives and controls in two other studies (Laurent et al 1999; Toulopoulou et al 2003b).

The effect size for verbal paired associates based on four studies was in the moderate range (d=0.41,

95% Confidence Intervals=0.20-0.62), corresponding to approximately a 27.4% non-overlap in
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distributions, and not shown to be heterogeneous (chi-squared = 2.3 (d.f. = 3) p = 0.5, and I-squared =

0.0%) (see figure 1.11).

Figure 1.11 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in verbal paired associate learning
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1.6.3.9 Semantic memory retrieval

The Verbal Fluency tests are commonly reported to be associated with the cognitive measure of

executive function because they require goal directed behaviour, initiation and a switching between

clusters. The required self-initiated search of the inner lexicon in order to retrieve and then generate

words beginning with a specific letter or in a specific exemplar category also makes it a test of

semantic memory organisation and integrity. Several studies show relatives of schizophrenics to

perform significantly worse than controls on both aspects of the verbal fluency task (Chen et al 2000b;

Dollfus et al 2002; Keefe et al 1994; Laurent et al 1999; Roxborough et al 1993; Zalla 2004), although

Appels et al (2003) combined both scores (Appels et al 2003). Egan et al (2001) demonstrated

significant differences between relatives and controls for phonological fluency, but not for the verbal

fluency for animals (Egan et al 2001), while Byrne et al (2003) demonstrated the opposite effect

(Byrne et al 2003). Goldberg (1995) showed no differences between groups on phonological fluency
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(Goldberg et al 1995), while both Ismail et al and Wittorf et al did (Ismail et al 2000; Wittorf et al

2004).

Based on meta-analysis of 12 studies of verbal fluency for letters, the effect size was in the small

range (0.42, 95% confidence intervals 0.24-0.60), corresponding to an approximate non-overlap in

distributions of between 21.3 and 27.4%. The Q statistic was not significant (chi-squared = 15.73

(d.f. = 11) p = 0.15), and I-squared was equal to 30% (see figure 1.12). Based on 9 studies of verbal

fluency for categories, effect sizes were in the small to medium range (0.39, 95% confidence intervals

0.19-0.59) respectively, corresponding to a non-overlap in distributions of 27.4%. However, the Q

statistic was nearing significance (chi-squared = 13.53 (d.f. = 8) p = 0.09), and I-squared showed

40.9% of the variance to be attributable to heterogeneity (see figure 1.13). The Galbraith plot shows

all studies to lie within the limits of the 95% confidence intervals for this test. Heterogeneity may

perhaps be attributable to the lack of difference between relatives and controls in the study of Laurent

et al (1999), which contributes a weight of about 12% to the overall effect size.
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Figure 1.12 Forest plot of individual and pooled estimates of standardised mean difference

between relatives of schizophrenics and controls in verbal fluency for letters
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Figure 1.13(a) Forest plot of individual and pooled estimates of standardised mean

difference between relatives of schizophrenics and controls in verbal fluency for category

exemplars
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Figure 1.13 (b) Galbraith plot of studies of verbal category fluency

b/se Linear prediction

1.6.3.10 General Intelligence

Verbal IQ

Verbal intelligence tests in schizophrenia have often been used as indicators of premorbid ability

because of their presumed measurement of crystallised intelligence, or knowledge based on acquired

learning, considered less vulnerable to the effects of brain damage than tests of fluid intelligence.

These tests are more closely related to educational levels, because ability on the NART, WRAT-

Reading and WAIS vocabulary is circumscribed to a certain extent by the level of reading ability and

schooling. The effect size for scores on NART or WRAT-Reading were in the moderate range, based

on 8 studies in relatives of schizophrenics compared to controls (0.48, 95% confidence intervals 0.16-

0.81). This suggests a non-overlap in distributions of about 33% (figure 1.14).
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Figure 1.14(a) Forest plot of individual and pooled estimates of standardised mean

difference between relatives of schizophrenics and controls in verbal IQ
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However, the Q statistic was significant (chi-squared = 26.8 (d.f. = 7), p < 0.001) and I squared

showed 73.9% of variation in the standardised mean difference to be attributable to heterogeneity.

From the Galbraith plot it is clear that Egan et al (2000) lie outside the upper limits of the 95%

confidence intervals for this test, while Roxborough et al (1993) lie outside the lower limits of the

confidence intervals for this test. Egan et al (2001) also show an effect in a different direction from

the other studies for this test, due to their relatives achieving a marginally higher IQ score than the

controls. However, the basis for this difference is unclear, given that all but two studies also used

WRAT reading as the measure of verbal IQ. The control group were matched to the relatives for age,

gender, educational achievement, and WAIS IQ, and were recruited from the National Institute of

Mental health Volunteer Centre. However, the number of relatives far outweighed the number of

controls, with an additional over representation of females in both groups. Only Roxborough et al

(1993) and Byrne et al (2003) used the NART. The age of the relative sample in Byrne et al (2003)

was between 16 and 25 years on entry to the study. It is possible that the reliance of this test on

educational attainment could have lead to an underestimation of the actual level of performance in this
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group. Alternatively, a sub-group of participants in this sample who were experiencing transient

psychotic symptoms and who would subsequently develop schizophrenia may have contributed to the

substantially lower group mean on this test relative to controls. Roxborough et al (1993) used an

older 'relative' sample, so that an underestimation of IQ ability would be less likely. Without details

of educational level relative to controls, it is difficult to assert this conclusively. It is additionally

possible however, that the IQ of the control group might have been slightly above average, given that

the control sample was selected from staff and students within the hospital. A test for publication bias

showed a trend for significance (t = -2.16, p = 0.07). However, this is likely to be influenced by the

fact that IQ effect sizes were only derived from those studies investigating memory, which were

included in the meta-analysis. A more thorough search and inclusion of all studies of verbal IQ in

relatives of schizophrenics would probably rectify this bias.

Figure 1.14(b): Galbraith plot of studies of verbal IQ

b/se Linear prediction

WAIS-R IQ

The WAIS-R full scale IQ (or short form) combines measures of performance and verbal IQ to

provide a score of general intellectual function. This is also considered a measure of fluid intelligence
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because performance is dictated by the biological capacity for learning. Our meta-analysis showed

that based on 11 studies the effect size was less than that for verbal IQ and in the small to moderate

range (0.34, 95% confidence intervals 0.10-0.59), corresponding to a non-overlap in distributions of

between 21.3 and 27.4%. The Q statistic was highly significant (chi-squared = 32.5, (d.f. = 10),

p<0.001), and I squared showed 69.3% of variation in the standardised mean difference to be due to

heterogeneity (see figure 1.15).

Figure 1.15 (a) Forest plot of individual and pooled estimates of standardised mean

difference between relatives of schizophrenics and controls in WAIS-R IQ
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As with verbal IQ, this seems particularly influenced by Roxborough et al (1993) and suggests that the

large discrepancy between relatives and controls in this study is not due to the nature of the test, but to

the groups themselves (Roxborough et al 1993). Once again, the recruitment of a control group from

staff and students at the hospital has likely resulted in slightly larger than average IQ scores in this

group. In the other direction, Harris et al (1996) showed a slightly better short form WAIS IQ

performance (block design and vocabulary) in parents of patients relative to controls, while

schizophrenic probands showed equivalent performance to controls on the same estimate. This is not

a feature of the short form, because several other studies also used this estimate and demonstrated

significant differences. It may however be due to the mixture of positive and negative history parents

93



of schizophrenics, such that negative history parents are unlikely to be genetically predisposed to the

development of schizophrenia. Alternatively, the recruited control group were students from a

technical college, with a mean age of 29 years, while parents were at least double this in age. Parents

may therefore have had greater levels of education and life experience relative to the control group,

leading to differences in general IQ score (Harris et al 1996).

Heinrichs and Zakzanis (1998) reported separate effect sizes for WAIS-R IQ, non-WAIS IQ,

performance IQ, verbal IQ and vocabulary in their meta-analysis of cognition in schizophrenia and

controls (Heinrichs and Zakzanis 1998). Performance IQ based on 17 studies showed the greatest

effect size (d=1.46) but with the largest heterogeneity, next to WAIS-R IQ based on 35 studies

(d=1.24), verbal IQ (d=0.98), vocabulary (d=0.69) and non-WAIS-R IQ (d=0.63).

Figure 1.15 (b) Galbraith plot of studies of WAIS-IQ

b/se Linear prediction
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1.6.4 Discussion

This quantitative meta-analysis reviewed the literature between 1965 and 2004 and compared effect

sizes in a number of aspects of memory function, bringing together scores on the same or similar tests

across studies. This has permitted a quantification of the nature of the memory impairment in healthy

relatives of schizophrenics when compared with controls, and a qualitative examination of similarities

with the deficits reported in previous meta-analyses in schizophrenia. Despite the extent of our search

of the literature, the earliest relevant study was published in 1993. This perhaps reflects the more

recent interest in declarative memory function in families of schizophrenics. Indeed, a selection of

early papers placed an emphasis on either language or general information processing deficits such as

attention and sensory processing (Condray et al 1992; Maier et al 1992; Pollin and Stabenau 1968), or

did not examine aspects of memory as separate processes (Chazan et al 1986).

1.6.4.1 Summary of results

Although the results of the meta-analysis show effect sizes to be in the small to moderate range

(Cohen 1988), it is clear that unaffected relatives of schizophrenics perform less well than controls on

tests of verbal and non verbal declarative memory. Furthermore, confidence intervals for all tests

overlap, suggesting a global trait deficit. These differences are compelling, particularly when it is

appreciated that the relative samples are comprised of healthy, non-psychotic and in some cases high

functioning relatives of schizophrenics. With respect to previous meta-analytic studies in

schizophrenia, the pattern of impairment here is such that unaffected relatives perform better than

schizophrenic patients, when compared to controls. This suggests that impairments on measures of

both verbal and non-verbal memory are at least partly reflective of a genetic vulnerability to

schizophrenia, but that the more severe deficits apparent in schizophrenic patients may be additionally

attributable to a disease related process. This implies a disease-related component to memory

dysfunction in schizophrenia and may be considered further evidence that declarative memory

impairment is a possible 'intermediate phenotype' for the disorder, albeit a family-specific one.

Our results showed the largest effect size to be in the immediate verbal recall of trial lof the AVLT.

However, given the small number of included studies in this instance, this effect should be considered
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tentatively. Conversely, the smallest effect sizes are also apparent on measures of verbal immediate

memory, for both digit span tasks, and visual delayed recall. There was a slightly larger effect size for

the backward over the forward aspect. We can perhaps reconcile these findings by examining the

differences in difficulty between both types of task. The phonological representation of a maximum

of 8 meaningless digits may be less attentionally and functionally demanding than the maintenance of

a list of 15 seemingly unrelated words (both in meaning and articulation). Furthermore, the smaller

effect sizes for digit span imply that both the phonological loop and to a lesser extent the store

components of verbal working memory are relatively intact. It is plausible that the processes exerted

during the acquisition of words involve both spontaneous semantic and phonological encoding, and

that the brain networks supporting the former may be recruited more effectively in controls than in

unaffected relatives of schizophrenics.

Effect sizes for verbal fluency were non-significantly smaller than those for story recall and verbal list

learning. Verbal fluency has previously been included in studies as a measure of executive function.

These results are therefore less surprising, given the weaker evidence for executive deficits in

unaffected relatives (i.e. WCST-(Sitskoorn et al 2004a)). It is possible that these tests place less

demand on unaffected relatives than on schizophrenic patients, and that the latter group may reveal

compromised performance partly because of slowed information processing speed. Moreover, the

brain networks supporting verbal fluency may be particularly deficient in those affected by the

disorder, so that executive function is predominantly a feature of the disease process rather than a trait

deficit. Interestingly, the effect size for phonological fluency was non significantly greater than that

for semantic fluency, the opposite pattern to that seen in patients. Given the non-overlap with

Heinrich and Zakzanis's confidence intervals for word fluency in patients relative to controls (0.91-

1.80), this may again suggest a separate non-genetic disease related deficit (Heinrichs and Zakzanis

1998).

Effect sizes were in the moderate range for immediate and delayed verbal story recall and both

measures of verbal learning (total list recall and paired associate learning). Despite an overlap in

confidence intervals, the effect sizes for both immediate and delayed story recall were greater in
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magnitude than those for verbal learning. Previous attempts to quantify verbal memory impairment

have often amalgamated both verbal story recall scores with immediate and delayed list recall scores

on the CVLT or RAVLT. However, story recall would appear to be distinct from list recall, in that

there is no inherent facilitation of learning or enhanced encoding by either repetition, implicit

semantic categorisation, cued recall or recognition. The latter result therefore supports the notion that

repeated exposure, forced association and cued recall, all aid memory for information. Following an

encoding task requiring a size judgement decision about words, Sponheim et al (2004) showed poorer

verbal recognition memory in schizophrenic patients relative to controls and unaffected relatives,

while relatives and control did not differ. Conversely, relatives showed significantly poorer verbal

recall for the same material compared to controls. Correlation analyses revealed that depth of

encoding in the control and patient group predicted free recall performance, but not in the biological

relatives. Similarly, while priming effects were associated with encoding in the relatives, this was not

apparent in the control group. This implies that explicit recall in the relatives may have relied on

familiarity rather than explicit recollection, or alternatively on implicit processes facilitated by the size

judgement task. Controls did not show the same improvement from recall to recognition apparent in

the relatives group because they relied on explicit recollection for both aspects of the task (Sponheim

et al 2004).

The difference in effect size magnitude between story recall and verbal learning might reflect the fact

that story recall demands a higher level of organisation of encoded information, based on only one

exposure to the material. Indeed, serial clustering strategies, often used in list recall tasks, will be

relatively inadequate in aiding later recall. Effective executive control and context processing at

encoding is therefore necessary to facilitate a more accurate recall of the story's ideas. If immediate

encoding associations are ineffective, this will impact upon the eventual recall of the words and ideas

from the story. This suggests that encoding processing may be fundamental to the memory

impairment apparent in both schizophrenic patients and their unaffected relatives, and is supported by

the results of the meta-analysis of immediate verbal recall. If the brain networks recruited during

information acquisition and spontaneous organisation are less effective in relatives than in controls,

eventual recall will be compromised. More severe information acquisition and a failure to benefit
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from the provision of explicit external cues to aid information organisation have previously been

reported in schizophrenic patients (Calev et al 1983; Chan et al 2000; Gold et al 1992b; Manschrek et

al 1997). Indeed, Cannon et al (2000) showed less semantic clustering of the CVLT list in

monozygotic and dizygotic twins discordant for schizophrenia relative to controls, and assert that

genetic liability for schizophrenia may impact upon prefrontal cortical brain systems, crucial for the

effective organisation of material during acquisition (Cannon et al 2000b). Tuulio-Henrikson et al

(2003) showed traits reflecting encoding (i.e. semantic clustering, recognition memory and intrusions)

to show significant additive heritability estimates, implying dysfunctional encoding may be a heritable

component in the families of schizophrenics. These findings support the view that encoding

dysfunctions represent both a trait and disease related deficit in schizophrenia (Tuulio-Henriksson

2003).

Both Braver et al (1999) and Frith (1992) argue that despite the diversity of cognitive impairments

apparent in schizophrenia, the common underlying feature is a defective internal monitoring system,

specifically in the 'internal representation and use of context information' when exerting control over

and guiding behaviour (Braver et al 1999; Frith 1992). Macdonald et al (2003) tested this hypothesis

in unaffected relatives of schizophrenics using a context-processing task (the modified expectancy AX

task), where the letter X becomes a target only when preceded by the letter A. Distractor trials

included BX, BY and AY. Both schizophrenic patients and unaffected siblings performed worse than

controls in the context processing condition (BX). Conversely, controls performed worse than all

other groups in the expectancy condition (AY). This was interpreted as an example of both patients

and their unaffected siblings failure to effectively use context (A) to inform their response to the target

X, and is evidence for a genetic contribution to a context processing deficit in schizophrenia

(MacDonald et al 2003b).

The processing of words linked meaningfully in a sentence or story is dependent not only on the

lexical properties of those individual words, and an understanding of syntactical and grammatical

relationships between those words, but also on the integration of these words and their meanings into

a coherent whole. Condray et al (1992) compared schizophrenic patients, their schizophrenia
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spectrum disorder brothers, non-spectrum disorder brothers, unaffected brothers and matched controls,

in language comprehension, using the relational concepts factor scale of the Luria-Nebraska

Neuropsychological Battery. Schizophrenic probands and brothers with schizophrenia-spectrum

disorder showed poorer language comprehension than normal controls. However, language

performance did not significantly differ between schizophrenics and their unaffected brothers, despite

intact performance in measures of executive function and general intellectual ability. This implies a

continuum of language dysfunction associated with familial liability to schizophrenia, but worse in

those with a related spectrum disorder or with schizophrenia (Condray et al 1992). The semantic

integration hypothesis asserts that lexical encoding is preserved in schizophrenia, and like controls,

patients are sensitive to grammatical and syntactical sentence structure during sentence processing.

However, patients may be impaired in tasks requiring semantic integration (Nathaniel-James and Frith

1996) Knight and Sims 1979 as cited in (Condray et al 1992)). It is possible therefore, that this

hypothesis may be valuable when extended to include biological relatives of schizophrenics.

Our meta-analysis has also shown that effect sizes for immediate and delayed non-verbal memory

appear to be slightly less than those for immediate and delayed story recall, with immediate visual

recall comparable to those for verbal learning, but delayed recall the smallest of all effect sizes

reported. This effect has previously been described in a meta-analysis of cognition in schizophrenia,

and suggests that memory deficits in relatives and in patients are not restricted to the verbal modality

(Heinrichs and Zakzanis 1998). However, despite an overlap in confidence intervals, the slightly

greater deficit in story recall implies that memory for visual figures is marginally better than memory

for words and ideas. The tasks used for these domains were not matched for difficulty, so that it is

plausible that the measure of story recall is more demanding for relatives than that for visual recall.

This finding might also reflect the contextual component to the story recall test previously discussed,

which may be less prominent during tests of visual memory. Alternatively (or in the same way), it

could imply that left lateralised brain networks supporting verbal processing may be more impaired

than right lateralised networks recruited to support visuo-spatial processing. Related to this point is

the observation that the material used in WMS Visual reproductions test is verbalisable, such that the

task may be testing both visual and verbal processing (Saykin et al 1991; Saykin et al 1994).
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Finally, an additional investigation of effect sizes for measures of intellectual function in the studies

considered provides us with an overview (albeit narrower) of neuropsychological deficits alongside

general intellectual ability. Our meta-analysis showed the effect size for measures of crystallised

intelligence (i.e. NART and WRAT-Reading) to be non-significantly greater than that for measures of

fluid intelligence (i.e. WAIS-R). Heinrichs and Zakzanis (1998) reported verbal IQ and vocabulary

effect sizes in schizophrenia to be greater than for non-WAIS tests of intelligence, but less than those

for performance and WAIS-R IQ, the opposite to the pattern described here (Heinrichs and Zakzanis

1998). This could be due to the reliance of verbal IQ tests on previous educational attainment and

age. Our current findings should be considered tentatively in light of the heterogeneity across studies.

As discussed previously, this may be influenced considerably by the selection of control groups in

some studies. In addition, the significant publication bias for verbal IQ suggests that the nature and

result of studies reporting verbal IQ comparisons may have influenced publication. The restriction of

the IQ meta-analysis to those studies including specific tests of memory has doubtlessly limited the

inclusion of studies reporting more varied results. It is therefore possible that an unrestricted and

more comprehensive meta-analysis of intelligence in unaffected relatives and controls would allow for

a more unambiguous interpretation of the results. Importantly, despite an overlap in confidence

intervals, effect sizes for measures of intellectual function are non-significantly less than those for

both verbal learning and memory, suggesting that neuropsychological memory deficits are not

secondary to a global intellectual dysfunction. This is especially true given that a number of studies

introduced measures of intelligence as covariates in their neuropsychological analyses, and the

adjusted mean neuropsychological scores were included in the meta-analysis (Byrne et al 1999;

Dollfus et al 2002; Kremen et al 1998b; Roxborough et al 1993). Therefore, in some cases, effect

sizes for memory may be underestimated relative to measures of intellectual function.

1.6.4.2 Limitations

We have presented evidence for functional deficits in memory in unaffected relatives of

schizophrenics, but have chosen not to consider these in comparison to other areas of function such as

executive function and attention. This may be considered a limitation to our analysis, given that our
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effect sizes for story recall and verbal fluency may reflect the influence of executive processes (i.e.

context processing). However, Sitskoorn et al (2004) in a recent meta-analysis of cognition in

relatives of schizophrenics and controls investigated measures of attention and executive function in

addition to verbal memory, and showed their largest effect size, based on 15 studies, to be in verbal

memory (d=0.54, 95% confidence intervals 0.43-0.66) and incorporated the WMS, CVLT and RBMT

(Sitskoorn et al 2004a).

Our findings are additionally limited by the number of tests applied across studies, which were

available to us for analysis. A number of measures of memory such as associative and item

recognition or cued recall, were not available for inclusion, possibly due to their being less affected in

schizophrenia than other unaided forms of memory retrieval. These features of memory have

therefore not been quantified in this meta-analysis. Several other studies have used varying and often

idiosyncratic forms of measurement, which could not be included in our meta-analysis, but may

impart an additional insight into the nature of memory processes in this group. Similarly, several

important studies were excluded because of aggregated scoring. We have tried to address these

limitations by including descriptions of some of these studies in our qualitative analysis, and these

excluded studies appear to pursue similar results to those included.

Significant heterogeneity (i.e. Verbal IQ, WAIS IQ) and trends for significant heterogeneity (i.e.

immediate visual memory recall, semantic fluency) were demonstrated on some tests. Possible

sources of variance across studies have been considered and discussed. However, this meta-analysis

may be limited by the decision not to remove those publications, which after analysis appeared to be

responsible for the variance in some tests. In the same way, for measures of IQ, the decision not to

extend the meta-analysis beyond those studies included for their measures of memory, may have lead

to a skewed interpretation of the standardised mean difference between groups and its relationship to

declarative memory.

While this meta-analysis concerns the comparison of individuals at genetically enhanced risk for the

development of schizophrenia, differences in genetic loading within this sample may have obfuscated
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true differences between groups. Only a small number of studies have addressed the effects of genetic

loading on cognitive performance (Byrne et al 2003; Faraone et al 2000; Glahn et al 2003; Shedlack et

al 1997; Tuulio-Henriksson 2003). Glahn and others (2003) showed a negative relationship between

genetic loading for schizophrenia (i.e. healthy controls > dizygotic twins > monozygotic twins >

patients) and performance on a spatial delayed response task, while Tuulio-Henriskson and others

showed an effect of familial loading (i.e. multiplex families versus simplex families) on a test of

backward visual span. Faraone and others also showed greater impairment in individuals with

multiple rather than one relative affected by schizophrenia, on immediate and delayed story recall and

immediate visual recall, while Byrne and others (2003) showed a negative correlation between genetic

liability (i.e. more than one affected first degree relative > one affected first and second degree relative

> affected second degree relatives) and delayed story recall, semantic verbal fluency and inhibition

response errors on a word completion test. These results suggest that some cognitive deficits may

increase with genetic loading for the disorder. For this reason, only the means from the simplex group

of Faraone et al (2000) were included in the meta-analysis. This was due to the preponderance of

other studies using parents or siblings from singly affected families. In retrospect this may limit our

analysis because unaffected relatives from multiply affected families may be under represented, and in

a rerun of this analysis, it might be pragmatic to combine the means of both the simplex and multiplex

groups. However, given the results of Faraone et al (2000) it is also possible that unaffected relatives

of multiplex families represent a distinct sub-group of genetically vulnerable individuals. Future

meta-analyses may therefore benefit from conducting separate analyses of individuals with different

degrees of genetic loading for the disorder.

Secondly, although samples of genetically at risk individuals under the age of sixteen were excluded,

a number of included studies still contained individuals not yet beyond the age of maximum risk for

development of the disorder (i.e. < 35 years). In such a way, mean performance in relative groups

may be influenced by participants who have yet to develop the disorder (Byrne et al 2003; Byrne et al

1998; Byrne et al 1999; Faraone et al 2000; Franke et al 1999; Gochman et al 2004; O'Driscoll et al

2001). There is evidence for general intellectual deficits in high-risk children and premorbidly in

children who go on to develop schizophrenia in adulthood. While we cannot yet predict who will
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develop schizophrenia, future meta-analyses may benefit from cross sectional analyses based on age

of risk (e.g. 16-35 years, 35-45 years and 45+ years).

1.6.4.3 Final conclusions

In summary, we have shown small to moderate effect sizes for varying measurements of memory in

unaffected relatives of schizophrenics compared to controls. Declarative memory therefore holds

promise as a neuropsychological indicator of genetic vulnerability to schizophrenia. Effect size

differences across tests may reflect differences in task difficulty, but could also indicate a specific

deficit in verbal encoding in unaffected relatives, a deficit previously highlighted in schizophrenia

(Cirillo and Seidman 2003). While 95% confidence intervals for all tests overlapped, effect size

differences also give credence to studies choosing to separate measures of memory for investigation of

component processes such as encoding and retrieval. Future research should therefore concentrate on

the functional imaging of encoding and retrieval in unaffected relatives of both high and low genetic

loading, and both beyond and within the age of maximum risk for the disorder, in the hope of

providing an insight into the function of brain networks implicated in these tasks.

1.7 Cognitive performance over time in unaffected relatives of schizophrenics

Longitudinal studies of neuropsychology in schizophrenia suggest that cognitive deficits are present

and relatively stable with the course of the schizophrenic illness. It is now also clear from the

literature that memory, attention, executive and intellectual function are also impaired in relatives of

schizophrenics, albeit to a lesser degree than in schizophrenia patients. However, the stability of these

deficits in relatives is less reliably demonstrated.

Johnson et al (2003) investigated the relationship between schizotypy symptoms and genetic risk for

schizophrenia, and showed symptoms to interact with genetic risk on several aspects of cognitive

function. However, in participants with schizotypy symptoms but without family history for

schizophrenia, cognitive deficits were not apparent. Only a measure of spatial working memory

showed independence from symptoms but was related to genetic risk for schizophrenia. This suggests
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that cognitive deficits are not secondary to schizotypy symptoms, but that both may be a manifestation

of the same susceptibility loci (Johnson et al 2003).

To date, only two family studies have provided evidence of longitudinal performance in unaffected

relatives considered beyond the age of risk for development of the disorder. Faraone et al (1999)

showed unaffected relatives with a mean age of 42 years to have stable poorer performance on

memory (visual and verbal), attention and executive function (although a slight improvement over

time) relative to controls over four years (Faraone et al 1999), while Wittorf et al (2004) showed no

change in neuropsychological performance of unaffected relatives with a mean age of 43 years over

one year, although improvements in performance were apparent on tests of attention and visual recall

(Rey Complex Figure Test)(Wittorf et al 2004). This implies that deficits in unaffected relatives, who

are unlikely to develop schizophrenia, remain stable and less severe than those in schizophrenic

patients over time.

However, without measures of performance over time in unaffected relatives who have yet to pass

through their period of maximum risk for development of the disorder (15-25 years), it is difficult to

establish how far deficits reflect genetic liability, to what extent they are features of a disease process

and at what point deficits worsen in those who later develop the disorder. Evidence from prospective

high-risk studies shows that following participants up to adulthood may provide an insight into

cognitive predictors for schizophrenia and related psychoses. Erlenmeyer-Kimling et al (2000)

identified verbal short term memory in high-risk children as a sensitive predictor (83%) for

schizophrenia-related psychosis development and showed attentional deficits (as measured by CPT,

WAIS Digit Span, and the Attention Span Task) in offspring of schizophrenic patients to identify 58%

ofparticipants with schizophrenia related psychoses in the New York High-Risk Project (Erlenmeyer-

Kimling et al 2000). While the Edinburgh High Risk Study (EHRS) reported a lack of significant

differences between the high-risk and control groups in sustained attention (CPT), it did report a

decrement in verbal memory performance between the first and second neuropsychological

assessments, in high-risk individuals (between the ages of 16 and 25 years) who had developed

attenuated psychotic symptoms at either the first or second assessments (Cosway et al 2002). The
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latter finding could reflect state related interference at the time of assessments because of symptom

development, but could alternatively be indicative of the development of the disease process before

the onset of schizophrenia per se. Thus, changes may be occurring in genetically at risk participants

who will develop psychotic symptoms or schizophrenia at two different developmental periods (i.e.

prenatal/infancy and adolescence).

1.8 Edinburgh High-Risk Study

Established in 1994 by Professor Eve C Johnstone and others, in the Department of Psychiatry at the

University of Edinburgh, the Edinburgh High Risk Study (EHRS) is a prospective longitudinal study

of individuals between the ages of sixteen and twenty-five with at least one affected first or second

degree relative. In order to reduce the high rates of attrition common in other high-risk projects, this

study was designed to follow young adolescents through their period of maximum risk for the

development of schizophrenia, with the expectation of schizophrenia onset in 10-15% of the sample

within a ten-year period.

During the first five-year phase of the study, neuropsychological and clinical assessments were

conducted in the high-risk participants and controls at regular intervals of eighteen to twenty-four

months, consisting of three assessment rounds (July 1994-July 1999). During the last five year phase

of the study, neuropsychological and clinical assessments continued to be conducted in high-risk and

controls participants, along with structural and functional magnetic resonance imaging scans, at

regular intervals of eighteen to twenty four months, also consisting of three assessment rounds (July

1999-July 2004) (see Appendix 2: Table 2A). The main aim of the study was to determine those

features, which distinguished healthy high-risk participants from controls, and high-risk participants

who became ill from those who did not, through neuropsychological, structural and functional brain

assessments over time.

1.9 Aims and hypotheses of investigations 1-4

Our discussion of the literature concerning the development and course of neuropsychological deficits

in schizophrenia patients and their unaffected relatives has raised several issues and has informed our
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experimental aims and hypotheses. Firstly, that in spite of a global intellectual dysfunction, and even

after controlling for the effects of impaired intellectual ability, both groups show persistent deficits on

tests of memory and to a lesser extent attention and executive function. In unaffected biological

relatives, these deficits may be reflective of the same underlying brain abnormalities found in

schizophrenia, and implicate a wide range of brain networks including the frontal, temporal, and

parietal lobes. However, the specific nature of memory impairment in schizophrenia is still unclear,

and even less so in unaffected relatives or those relatives who go on to develop the disorder.

Moreover, the relationship between genetic risk, psychotic symptoms, and cognitive deficits is

complex. Evidence of psychotic symptom improvement in the presence of impaired cognitive

performance in patients, points to at least a degree of independence of one from the other. However,

recent evidence suggests the three may interact, such that symptoms and deficits are manifestations of

the same susceptibility loci in individuals at genetically enhanced risk for the disorder (Johnson et al

2003).

Subtle neuropsychological deficits in unaffected relatives of schizophrenics who don't develop

schizophrenia may be reflective of a genetic liability to the disorder, although the relationship between

deficits and genetic loading is also unclear. Furthermore, poorer intellectual performance in young

individuals who develop schizophrenia in adulthood and the presence of specific neuropsychological

impairments in unaffected relatives and first episode patients, indicates that structural and functional

brain changes may have occurred prior to the manifestation of the characteristic signs and symptoms

of schizophrenia, while a predisposition for later psychosis development may already be present as

early as infancy. This begs the question therefore, at what stage do cognitive deficits arise in

schizophrenia and can they be predictive of the disorder in individuals at genetically enhanced risk for

schizophrenia? The fact that these impairments may be less severe than those reported in chronic

schizophrenia patients, further implies that cognitive deterioration might occur after disease onset.

However, evidence is equally weighted against cognitive deterioration in schizophrenia and generally

supports the existence of stable neuropsychological dysfunction in schizophrenia. This again suggests

that deterioration may be occurring some time before disease onset and does not worsen beyond this

point.
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1.9.1 Investigation 1: Putative neuropsychological predictors of schizophrenia in a

high-risk group

Baseline performance differences between the high-risk group and healthy controls on tests of

intellectual and executive function, learning and memory have previously been demonstrated in the

Edinburgh High Risk Study (EHRS) (Byrne et al 2003; Byrne et al 1999; Cosway et al 2000). These

findings are supported by evidence from family and high-risk studies of neuropsychological

impairment in unaffected relatives of schizophrenic patients. However, it is unclear how far these

deficits distinguish relatives of schizophrenics who will not develop schizophrenia, from those who

will. A recent finding from the New York high Risk Study suggests that levels of impairment on tests

of memory and attention in high-risk children are reasonably predictive of those who will develop

schizophrenia related psychoses in adulthood (Erlenmeyer-Kimling et al 2000).

Given these initial findings, our first investigation aimed to further demonstrate performance

differences at the baseline assessment within the high-risk group itself, with high-risk participants

classified according to susceptibility to psychotic symptom experience over the course of the study,

and subsequent development of schizophrenia at the time of analysis. Bearing in mind that all

participants at baseline assessment were essentially well, we hoped to show differences in

performance between those high-risk participants who have remained well and those who have gone

on to develop schizophrenia, which could be 'predictive' of future schizophrenia development (i.e.

(Erlenmeyer-Kimling et al 2000). Our first hypothesis was therefore:

Within the high-risk participant group, those participants who go on to develop schizophrenia will

perform less well relative to those participants who do not on baseline neuropsychological

assessments.

1.9.2 Investigation 2: Neuropsychological performance overtime in a high-risk group:

Due to the extended period of time over which this group has been studied, our second investigation

aimed to characterise the course of deficits in high risk participants who develop psychotic symptoms,

and or schizophrenia over time, relative to those who do not (i.e. those in the high-risk group who, to
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the best of our knowledge, have never in the course of the study experienced any psychotic symptom

(i.e. HR-), those who have at some point in the course of the study experienced any psychotic

symptom (i.e. HR+), those who are now diagnosed as schizophrenic (i.e. SCZ) and healthy controls

(i.e. C)). Given that participants in our HR- and HR+ group have not developed schizophrenia in the

10 years of the study, it could be argued that few will now go on to develop the disorder. With this in

mind, and based on previous evidence of stable deficits in those who are beyond the age of maximum

risk for the disorder and therefore unlikely to become ill (Faraone et al 1999; Wittorf et al 2004), we

hypothesised that:

High-risk participants who have not developed schizophrenia will demonstrate stable performance

deficits compared to controls over time (between their first and latest assessment)

Experience of psychotic symptoms in high-risk participants does not imply that individuals will

develop schizophrenia. Similarly, an absence of psychotic symptoms at clinical assessment does not

guarantee that individuals will not develop schizophrenia. However, there is a qualitative difference

between those high-risk participants who have and those who have not experienced any psychotic

symptom, such that a liability to the experience of psychotic symptoms in a high-risk group could be

considered an intermediate phenotype for the disorder. For those participants in the high-risk group

who have not experienced any psychotic symptom during the course of this study, it could be argued

that unlike the HR+ group, they do not exhibit the intermediate phenotype and may be less likely to

show fluctuations in performance over time, or eventually develop schizophrenia. We therefore

further hypothesised that:

Within the high-risk participant group, those participants who have ever experienced psychotic

symptoms and those who are now diagnosed as schizophrenic will perform less well on

neuropsychological tests compared to those who have never experienced any psychotic symptom and

controls at both first and latest assessments.
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A previous comparison of performance in the EHRS high risk participants who had or had not

developed symptoms over the first and second assessments (over a period of approximately 18-24

months), suggested that delayed verbal recall had deteriorated to a greater extent in those who had

developed any psychotic symptom between or at either the first or second assessments. This implied

that psychotic symptom development or presence might be associated with a decline in verbal

memory ability, due to either state related interference (the experience of psychotic symptoms during

testing) or as a precursor to psychosis (due to underlying structural or functional brain changes). Due

to the intermittent experience of psychotic symptoms in our HR+ group, we were unable to make

predictions as to the direction of performance over time (between the first and most recent

assessment) in this particular group. However, given that schizophrenia patients have been shown to

exhibit poorer general neuropsychological performance than their close relatives, we predicted that

cognitive decline might be apparent in those who have subsequently developed schizophrenia between

two assessments prior to illness onset. Our fourth hypothesis therefore stated:

Within the high-risk participant group, participants who are now diagnosed with schizophrenia will

show a decline in neuropsychological performance over time, relative to the other high-risk

participants and controls.

1.9.3 Investigation 3: Neuropsychological performance over time and genetic liability:

Where neuropsychological performance over time revealed significant main effects of group or group

by time interactions, our third investigation aimed to explore the specific influence of genetic liability

on performance over time within the high-risk participant group only. Initial recruitment involved the

scrutiny of detailed family trees for all high-risk participant families, thus affording us the opportunity

to classify those in the high-risk group by closeness and number of affected relatives. Although the

development of schizophrenia in this group cannot be solely attributed to genetic vulnerability, a

family history of schizophrenia conveys some form of predisposition to the development of the illness

and the presence of a similar neuropsychological profile to schizophrenic patients. A previous

investigation of the relationship between genetic liability and neuropsychological performance at
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baseline revealed an inverse relationship between genetic loading and executive function, learning,

and memory measures (Byrne 2003). Our fifth hypothesis therefore stated that:

Within the high-risk participant group, a greater familial loading would be negatively associated with

neuropsychological function over time.

1.9.4 Investigation 4: Verbal and Visual Learning in the 1st 100 participants of the

EHRS to undergo a functional MRI scan

Given the previous baseline results suggesting a memory deficit in high-risk participants relative to

controls, our fourth investigation, presented in chapter 3, aimed to quantify the nature and extent of

the memory deficit in the EHRS, using performance data on tests of verbal and visual memory not

previously analysed in the EHRS group. These tests were introduced at the beginning of the second

study phase and were accompanied by functional MRI in the same participants during a verbal

memory paradigm, which will be discussed in detail in chapter 5.

A review of the literature suggests declarative memory is a core deficit in schizophrenia, characterised

above all by poor verbal encoding and retrieval. Our systematic review also suggests that this deficit

is paralleled in healthy biological relatives, most prominently in immediate verbal recall and memory

for prose while assisted memory recall, such as recognition, has generally been shown to be intact in

patients and their relatives (Sponheim et al 2004). This indicates that fundamental to a verbal

declarative memory deficit is impaired information acquisition and a failure to organise material

effectively for future recall. We therefore hypothesised that on measures of the California Verbal

Learning Test (CVLT):

High-risk participants will show intact recognition performance, but perform less well on measures of

verbal information acquisition and recall, and demonstrate different learning strategies during trials

one to five, when compared to controls.
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Visual memory performance in schizophrenia is less consistently investigated relative to verbal

memory performance. Some evidence suggests equivalent performance impairment in both

modalities in schizophrenia (Tracy et al 2001) while other evidence suggests a less pervasive, and

more heterogeneous visual memory deficit when compared to verbal memory measures (Heinrichs

and Zakzanis 1998). This was reflected in our meta-analysis of memory impairment in relatives of

schizophrenics, which suggests that memory impairment does extend to the non-verbal domain, but

may be more heterogeneous and less severe. We aimed to demonstrate the extension of declarative

memory impairment to both modalities in relatives compared to controls. Given the evidence, we

hypothesised that:

High-risk participants would perform less well relative to controls on aspects of visual recall, as

measured by the Rey Complex Figure Test (RCFT).

Ill
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Chapter 2: Methods and results of investigations 1, 2 and 3

The methods and results for neuropsychological investigations 1-3 in the Edinburgh High-Risk group

will be presented serially in this chapter. This is due to the slight differences in the sample numbers

used for each investigation, and allows for a more informative description of participants in each

instance. It is hoped that this will additionally enhance the coherence of each individual investigation.

The aims and hypotheses for these investigations were previously introduced at the end of Chapter 1,

but will be reiterated where necessary in the methods sections. Finally, a discussion of the results of

experiments 1 to 3 is also presented in this chapter.

2.1 Methodology: Investigation 1

2.1.1 Design

As described in Chapter 1, analyses conducted by the EHRS have previously demonstrated differences

in performance between the high risk group and controls at baseline on some of the

neuropsychological tests employed (Byrne et al 2003). Therefore, in an investigation of baseline

predictors of psychosis, differences on these neuropsychological tests at the first assessment were

compared within the high-risk participants only. Group comparisons were made between three sub¬

groups of high-risk participants. The first group included those high-risk participants who

subsequently developed schizophrenia (SCZ). The remaining participants were allocated to one of

two high-risk groups according to the presence (HR+) or absence (HR-) of psychotic symptoms at the

first assessment, as measured using the Present State Examination (PSE).

In a Multivariate Analysis of Variance (MANOVA), followed by one-way Analyses of Variance

(ANOVAs), participant group was introduced as the between-group factor and individual

neuropsychological test performance at baseline as the within-group factor. Planned contrasts were

conducted in order to address the two a-priori hypotheses (as outlined in Chapter 1). To reiterate, it

was first of all hypothesised that those who subsequently developed schizophrenia would perform less

well relative to the rest of the high risk group on neuropsychological tests, which could be predictive

of future psychosis (i.e. predictive effect). Secondly, it was hypothesised that those in the high-risk

group who experienced any psychotic symptom at this baseline assessment would perform less well
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relative to high-risk participants who had not experienced any psychotic symptom at this assessment,

due to the interfering effect of symptoms on general performance (i.e. state effect).

2.1.2 Participants

2.1.2.1 Recruitment: high-risk participants

Ethical approval was granted for recruitment in ten Scottish Health Boards (i.e. Lothian, Dumfries and

Galloway, Lanarkshire, Tayside, Borders, Argyll and Clyde, Highland, Western Isles, Fife and Forth

Valley; Byrne 2001). Potential high-risk participants were then initially identified through an analysis

of medical records of individuals admitted to psychiatric hospitals in Scotland with a clinical

diagnosis of schizophrenia and potentially unaffected 1st and 2nd degree family members in the

specified age group of sixteen to twenty five years.

Research diagnosis of DSM-III-R classification of schizophrenia was confirmed for each individual

by applying the Operational Criteria Checklist (OPCRIT) to the medical case notes. The consultant,

GP, social worker, key worker and community psychiatric nurse involved with the proband were

contacted and after consultation, permission was sought to approach the identified proband.

Following an interview and informed consent from these patients to approach family members,

potential high-risk individuals were contacted, with the help of a well adult relative. Individuals who

met the criteria for inclusion (i.e. those individuals aged between 16 and 25 years and with no

previously diagnosed psychotic disorder) and were willing to participate in the study on a voluntary

basis were asked to read an information sheet (see Appendix 2: Figure 2A) and sign a consent form

(see Appendix 2: Figure 2B), which detailed the nature and conditions of participation. Once

individuals had signed the consent form they were required to undergo a structured psychiatric

interview (PSE), which establishes the presence of current psychotic, neurotic or depressive

symptomatology (Byrne 2001; Hodges et al 1999; Johnstone et al 2000). The age of the sample at the

outset of the study was important to ensure that the high-risk participants would pass through their

period of maximum risk during the study. It was expected that 10-15% of the original high-risk

sample would develop schizophrenia in the course of this study (Johnstone et al 2000).
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2.1.2.2 Recruitment: controls

Controls were not included in this analysis of baseline performance, because comparisons between

controls and high-risk participants have already been conducted. However, for the purposes of later

investigations including control participant performance, potential control participants were originally

identified from local Edinburgh youth groups and from a sample of friends of the high-risk

participants. Forty-three individuals with no personal or family history of a psychotic disorder, and

similar in age, sex, and socio-economic background to the high-risk participants, were identified

within this group. Willing participants were asked to sign the same consent form presented to high-

risk participants, detailing the nature and conditions of participation (see Appendix 2: Figure 2A &

2B). Of this original sample, 36 individuals attended for baseline neuropsychological and clinical

assessments between 1994 and 1999. (Note: A more detailed description of participant recruitment

can be viewed in previous publications based on this study i.e.; (Byrne 2001; Hodges et al 1998;

Hodges et al 1999)

2.1.2.3 EHRS Sample

In the first five years of the EHRS 229 high-risk participants and 43 controls were initially identified

and recruited. Of this number, 162 well high-risk individuals between the ages of 16 and 25, with at

least one first or second degree relative with schizophrenia, and 36 matched controls provided basic

demographic data (Johnstone et al 2000). Within this sample, baseline neuropsychological data are

available for 157 high-risk participants and 36 controls, whereas complete clinical data are available

for 154 high-risk participants. At this time, 18 of this latter sample of 154 have now been diagnosed

with schizophrenia.

2.1.2.4 Sample for analysis of baseline neuropsychological performance

Full baseline clinical and neuropsychological data are available for 154 high-risk participants (see

Appendix 2: Table 2A). Data were unavailable at the time of this analysis for one high-risk

participant who was recruited for the first time in August 2003. This individual has therefore not been

included in the present analyses, resulting in a total sample size for this analysis of 153 high-risk

participants.
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2.1.2.5 Psychopathology

Psychopathology was elicited by applying an one hundred and forty item standard psychiatric

interview, i.e. Present State Examination (PSE, 9th edition; (Wing et al 1974) at the time of the first

neuropsychological assessment (and thereafter at 18-24 month intervals), and was administered by

experienced clinicians (i.e. Professor E.C. Johnstone, E)r D.C. Owens and E)r S.L. Lawrie). It was not

possible for the clinicians to remain blind to the participant's group, due to the repetitive nature of the

PSE over the ten years of the study. However, the former two clinicians have worked together for

approximately thirty years. The PSE explores the incidence of psychotic symptoms (hallucinations

and delusions), other perceptual disorders, depressed mood, psychosomatic symptoms, and

neuroticism. It does not address functional deterioration because this group were not considered

'help-seeking'. The interview was videotaped with permission and lasted approximately 1 hour.

Based on this examination, the presence or absence of psychotic symptoms was established and a

score was assigned.

Additional clinical assessments conducted included the Schedule for Affective Disorders and

Schizophrenia-Life-time Version (Endicott and Spitzer 1978), the Structured Inventory for Schizotypy

(Kendler et al 1989) and the Rust Inventory for Schizotypal Cognitions (Rust 1988). The Positive and

Negative Symptoms Scale (PANSS) was also introduced in the second phase for the assessment of

symptom severity. A life-events questionnaire was used to assess life events at baseline assessment

only (Paykel et al 1971), along with assessments of neurological soft signs (Buchanan and Heinrichs

1989) and minor physical anomalies (Waldrop and Pederson 1968), both also collected at the baseline

assessment only. These additional assessments are not considered in this thesis.

PSE examinations at baseline form the basis of our high-risk negative and high-risk positive group

categorisations. High-risk positive participants (i.e. HR+ (timel); N=28) are those who manifested

any psychotic symptoms at the first PSE (i.e. a score of 2 or 3 as described in Table 2.1), such as

isolated delusions, hallucinations, or perceptual distortions. High-risk negative participants (i.e. HR-

(timel); N= 107), on the other hand, are those who did not experience any psychotic symptoms at

their first PSE (i.e. a score of 1 or 0 as described in Table 2.1). Finally, an additional group was
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identified which was comprised of those participants in the high-risk group who although considered

psychologically well at their first assessment, have now been determined to be schizophrenic (i.e.

SCZ; N=18). This diagnosis was based upon both the PSE & the ICD-10 (World-Health-Organisation

1992) definitions of schizophrenia established at interview. In some instances, participants fell ill

between assessments and were admitted to local services. Local GPs, consultants, and families were

collaborators in the project, and all cooperated in informing the study of any changes or deteriorations

in state as and when they occurred. Therefore on two occasions clinicians conducted interviews

during the participant's hospital admission. Participants who were diagnosed as schizophrenic

became ill on average 3.6 years (s.d. = 1.1) after their first assessment.

Table 2.1: PSE Scores

Score Diagnosis

4 Schizophrenia.
3 Definite psychotic symptoms and specific psychotic features fully rated (isolated delusions or hallucinations present, of

which the individual is aware).
2 Possibly psychotic (perceptual distortions) or partially held/attenuated psychotic symptoms (the individual questions the

existence of such symptoms and may attribute them to the imagination).
1 No psychotic symptoms, but definite non-psychotic (neurotic or depressive) symptoms.

2.1.3 Demographic details

There were no statistically significant differences between the three high-risk sub-groups with regards

to age (F (2,150)= 2.0, p = 0.13), gender (%2 = 4.7 (2), p = 0.09), or handedness (x2 = 1.2 (2), p = 0.5)

(means and frequencies for these characteristics can be found in Table 2.2). Therefore, it can be

assumed for all other data analyses that the three sub-groups of high-risk individuals were

appropriately matched.

Table 2.2: Demographic characteristics within the high-risk sub-groups

Demographic characteristic HR- (timel) HR+ (timel) SCZ P

Mean (SD) Mean (SD) Mean (SD)

Numbers (N=107) (N=28) (N=18)

Age 21.3 (3.0) 20.9 (2.7) 19.9 (2.6) NSB

Gender (N) 56M: 51F 9M: 33F 7M: 6F NSb

Handedness (N) 17R: 0L:2M 92R: 9L: 5M 26R: 0L: 2M NSC

'One-way ANOVA, Pearson's Chi-Square Test of Association c Kruskal-Wallis Chi-Square Test
Measured using the Annett Handedness Inventory, M=mixed handedness

117



2.1.4 Materials

Neuropsychological Tests

Only those tests which showed statistically significant differences between the high-risk group and

controls at baseline (Byrne et al 2003) were selected for inclusion in this particular phase of the

investigation.

2.1.4.1 Premorbid Intellectual ability tests

National Adult Reading Test (NART;(Nelson 1982)

The NART was used to estimate pre-morbid intelligence in all participants at the first

neuropsychological assessment. The NART requires participants to read aloud a list of fifty

phonetically irregular words. Participants are allocated an estimated IQ (i.e. WAIS-R) score based on

the number of errors that they make on the assessment. Evidence supports the NART as a stable pre¬

morbid estimate of IQ, which remains unaffected by acute psychosis or the duration of a

schizophrenic illness (Morrison et al 2000).

Speed and Capacity of Language Processing Test (SCOLP; the Spot the Word test;

(Baddeley et al 1992)

The Spot the Word test is a measure of both vocabulary and verbal intelligence and correlates highly

with the NART (Baddeley 1992). This assessment comprises the visual presentation of sixty pairs of

words, with one in each pair being a real word and one a non-word (e.g. bread-glot). Participants

were required to identify the real word in each pair, without time constraint.

2.1.4.2 Current intellectual ability tests

SCOLP (Speed of Comprehension test; (Baddeley et al 1992)

The Speed of Comprehension test is a measure of speed of information processing, although it has

previously been administered as a measure of semantic memory integrity (McKenna et al 1994). This

measure comprises a mixture of one hundred true and false sentences (e.g. 'pythons move around

searching for food' or 'Nuns are made in factories'). The decision as to whether a statement is true or

false is based on the match or mis-match of subject and pre-dictate in the sentence. Participants were
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required to correctly verify as many sentences as possible within a two-minute period. Poor

performance may be an indication of general slowing of processing. However, the performance on

the Speed of Comprehension test is correlated with that on the Spot the Word test, such that any

discrepancy between the two (i.e. poorer performance on Speed of Comprehension relative to Spot the

Word) may be an indication of reduced language comprehension ability, or a drop in intellectual

function from premorbid levels. Subtracting the scaled speed of comprehension score from the scaled

spot the word score will give the discrepancy score. No significant differences between the high-risk

group and controls were reported on this score at baseline.

Wechsler Adult Intelligence Scale-Revised (WAIS-R; (Wechsler 1981)

The WAIS-R provides a measure of current IQ based on a participant's performance on a number of

measures of verbal and visual ability (i.e. eleven in total). Performance on these measures can be

used to ascertain three measures of IQ: (1) verbal IQ; (2) performance IQ, and (3) full scale IQ. In the

current study an estimate of the full-scale intelligence quotient was derived from performance on all

measures of the WAIS-R. Estimates of WAIS-R verbal IQ (based on the verbal sub-tests Information,

Comprehension, Arithmetic, Similarities, Digit Span and Vocabulary) and WAIS-R performance IQ

(based on the performance sub-tests Digit Symbol, Picture Completion, Block Design, Picture

Arrangement and Object Assembly) were also derived. Participant's scores on both the Digit Symbol

and Block Design tasks were also separately noted.

WAIS-R Digit Symbol

Described as a test of 'complex' attention, the Digit Symbol task is believed to measure sustained

attention, visuo-motor control and psycho-motor speed (Lezak 1995). Indeed, it is possible that

upwards of 50% of the total score can be attributed to copying speed alone (Lezak 1995). In normal

controls psychomotor speed is the primary measurement of this test and is unaffected by general

intellect, learning or memory (Lezak 1995). Unfortunately, its relative independence from other

cognitive functions makes it insensitive to specific areas of brain dysfunction, and it may be affected

by a combination of cognitive factors. During performance of the digit symbol task, participants in
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this study were timed using a stopwatch and given ninety seconds in which to copy the symbol

corresponding to the number denoted in a key (see Figure 2.1).

Figure 2.1: Example of WAIS-R Digit Symbol Substitution test

Digit Symbol Key

1 2 3 4 5

-
± ] L 1

Portion of table- participants to put in the symbol, which corresponds to same number in key

2 5 3 1 4

WAIS-R Block Design

The block design task is proposed to be a test of construction, visuo-motor control, speed and visuo-

spatial conceptualisation and in normal participants is associated with mainly right posterior parietal

brain regions (Lezak 1995). Participants were presented with four or nine white and red blocks (each

block has two white and red sides and two half white and red sides split along the diagonal) and asked

to use them to construct a replica of the nine designs presented in the booklet. This was timed using a

stopwatch with limits of sixty seconds on the first two designs and one hundred and twenty seconds

on the last (more difficult) seven designs. Participants' were allocated an overall score based on both

completion speed and accuracy (i.e. higher score for more difficult puzzle completed in faster time

period). High performance on this test may be due to participants forming a gestalt or unified mental

concept of the design. A more typical (or average) performance can be seen in participants who use a

block by block trial and error approach, segmenting the design and constructing based on its

individual parts.

2.1.4.3 Executive function tests

Hayling Sentence Completion Test (Burgess and Shallice 1996)

The HSCT is essentially a test of executive function. The test is comprised of two sections, of fifteen

sentences (i.e. 30 in total). Each sentence in both sections has the last word missing. Section 1 tests

verbal initiation skills and requires the participant to sensibly complete each sentence with a suitable
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word (i.e. He posted a letter without a . A sensible completion would be 'stamp'). Section 2 tests

response suppression, by requiring participants to complete each sentence with a word that is

unrelated to the meaning of that sentence (i.e. The dough was put in the hot . An unconnected word

would be, for example, 'banana'). In section 2, two types of error response are possible. The first is

a type A error (sensibly completing sentence i.e. The dough was put in the hot 'oven') and the second

a type B error (completion word is still connected to sentence in some way i.e. The dough was put in

the hot 'sink', because sink and oven are semantically related). Response latency was timed using a

stopwatch, which was started as soon as the experimenter finished reading the sentence and stopped as

soon as the participant had responded. A total scaled score includes both response time and error

commission over both sections. Only scaled times for sections 1 and 2 and scaled scores for type A

and B errors were included in the analysis.

Stroop Colour Word test (Golden 1978)

The Stroop test is designed to measure both response suppression and selective attention. Participants

were required to name the colour of blocks visually presented in trial 1. In trial 2, they were asked to

read out the names of colours printed in black ink. In the interference trial 3, participants were then

asked to name the colour of ink that the 'colour name' words were printed in. Response latency for

each trial was timed using a stopwatch. Only the times for trial 3 and trial 3 minus trial 1 were

included in the analysis.

Verbal Fluency (F-A-S and four legged animals; (Spreen and Strauss 1991)

This particular measure of verbal fluency is an assessment of both phonological/letter and category

verbal fluency. The participant is allowed 1 minute to recite as many words as possible beginning

with a specific letter (F, A or S, with the exclusion of proper nouns or derivations of the same word

i.e. stay and staying), followed by 1 minute in which to name as many words as possible words within

a specific class (four-legged animals). Response inhibition and an organised search of the inner

lexicon are required in both aspects of this test making this a measure of both semantic memory

retrieval and executive function. The same test was used at all assessment rounds, although it is

acknowledged that at repeat assessments it may have been more appropriate to test fluency using
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different letter and category cues, to prevent practice effects. However, only verbal fluency for

categories was included in the baseline analysis. Verbal fluency (FAS) was excluded from baseline

analysis due to non-significant differences between the high risk and control groups (Byrne et al

2003).

2.1.4.4 Verbal memory

Rivermead Behavioural Memory Test (RBMT): Story recall (Wilson et al 1991)

The entire RBMT was administered to participants, but this investigation will focus solely on the story

recall aspect of the RBMT, due to a lack of significant differences between the high-risk and control

groups on the additional test aspects at phase 1 round 1. This particular assessment is included here as

an indicator of verbal declarative memory performance. Story recall includes the assessment of both

immediate and delayed (i.e. following an interval of 20 minutes) verbal story recall of a dictated

excerpt. Mean scores reported are based on the raw scores of participants on each of these two task

levels. Four parallel versions of the RBMT were administered across assessment rounds, to control

for practice effects (A-D (Wilson et al 1991).

Auditory Verbal Learning Test (AVLT: (Crawford et al 1989) and Jones p44 (Lezak

1995),(RAVLT :(Rey 1964))

The AVLT is a test of verbal learning and takes approximately 30 minutes to administer. It includes

measures of immediate free recall and delayed free recall and recognition of a list of 15 words,

presented over 5 trials, followed by the immediate recall of an interference list of 15 similar words.

Numerous measures can be derived from the AVLT, such as total number of items recalled, number of

errors, type of errors etc. However, only the total number of items recalled over five trials and the

number recalled after the delay were included in this analysis, because these measures were

significantly different between controls and the high-risk group at baseline. Lezak (1995) noted that

when administered at three time periods (baseline, 6 months and 12 months later), practice effects

were shown at second administration on trials five and six and maintained at third administration on

trial five only of the AVLT, in twenty control participants (Lezak 1995, p428). The Rey Auditory

Verbal Learning Test was therefore administered at phase 1 round 1 (Rey 1964), and parallel versions
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at phase 1 round 2 (using version of Crawford et al, 1989, as in p 439 Lezak 1995) and phase 1 round

3 (using version of Jones-Gotman et al, 1993, as in p 439 Lezak 1995), to control for practice effects

over time.

2.1.4.5 Visual memory tests

Wechsler Memory Scale (WMS-R; (Wechsler 1987): Visual Reproductions

The WMS-R Visual Reproductions requires both the immediate and delayed recall of a briefly

presented (ten seconds) figure drawing. Within the test there are four separate trials using four

different figure drawings (A-D). Cards A-C contain a single figure, whereas card D contains two

separate designs, i.e. one comprising three geometric elements and the other two. This test was only

administered at the first two assessment rounds, and was replaced with the Rey Osterreith Complex

Figure Test (RCFT) at the beginning of the second study phase. This was partly to minimise practice

effects but also due to evidence, that suggests visual material and the WMS is easily verbalisable, and

therefore less sensitive to the right temporal lobe than the RCFT (Note: This latter test is described in

more detail in experiment 4). Only the total immediate and delayed recall scores were included in the

analysis, again due to significant differences between controls and the high-risk group on these

measures at baseline.

2.1.4 Statistical analysis

All analyses were performed using the Statistical Package for Social Science (SPSS version 11; SPSS

Inc., IL). Normality of distributions was tested using the Kolmogorov-Smirnov test, while

homogeneity of variance was assessed using Levene's test. While ANOVAs are considered robust

enough to deal with any deviations from normality in distributions (Miller 1996), a non-parametric

test (Kruskal-Wallis) was also used for data (e.g. HSCT), which violated the parametric assumption of

normality (see Appendix 2: Table 21, J, K and L for results of normality and homogeneity of variance

tests).

In order to investigate whether performance was significantly different between the three high-risk

participant groups on neuropsychological tests at baseline, in three separate MANOVA analyses
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participant group was entered as a between-group variable with three levels (i.e. HR- (PSE 1); HR+

(PSE 1); and SCZ). Independent neuropsychological assessment measures were entered as within-

group variables. The first MANOVA brought together all tests measuring memory (i.e. RBMT -

immediate and delayed recall; RAVLT - trials 1 to 5 and long delay recall; WMS-R - immediate and

delayed visual recall; and Verbal Fluency for Categories). The second multivariate analysis was

concerned with tests measuring executive function (i.e. HSCT - time 1 and 2, errors type A & B;

Stroop suppression condition; and Stroop suppression condition control condition). Finally, the

third analysis examined general intellectual ability (i.e. WAIS-R - FSIQ V1Q & PIQ; WAIS-R Digit

symbol; WAIS-R Block design; NART - FSIQ; SCOLP - speed of comprehension, and SCOLP- spot

the word). By grouping neuropsychological assessments in this manner for the purposes of data

analysis, we were able to effectively reduce the number of individual analyses calculated, thereby

reducing the likelihood of a Type I error. In addition, this method also takes into consideration the

relationship between the separate dependent variables (neuropsychological test scores) and has the

power to detect whether groups differ along an amalgamated variables dimension, as indicated by the

overall significance of the MANOVA (Field 2000). It should also be noted that previous factor

analytic studies have also grouped these measures under similar domains of function (Byrne et al

2003).

To further explore on which tests and between which groups any differences may have been present,

univariate ANOVA's for each individual within-group variable were also calculated. Although the

overall MANOVA is proposed to protect against an inflated Type I error, a significant MANOVA

often shows individual differences for some, but not all dependent variables. In this instance it is

advisable to apply a Bonferroni correction to the subsequent ANOVAs, which was the post-hoc

method adopted in this current investigation (Field 2000). Helmert contrasts were also calculated.

These contrasts are planned comparisons between each level of the between-group variable with the

overall mean of the remaining levels of the between-group variable, discarding a level from further

analysis once it has been compared to all others (Field 2000). These are preferable to post-hoc

comparisons because they address a-priori hypotheses about the results of the analysis and further

reduce the number of comparisons made (thus reducing the chances of a Type I error). These were
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therefore deemed useful in addressing our apriori hypotheses (as outlined previously in Chapter 1),

and may be summarised as follows:

(1)HR-(PSE 1) & HR+(timel) > SCZ (i.e. predictive effect)

(2) HR- (PSE 1) > HR+ (time 1) (i.e. state effect)

2.2 Results: Investigation 1

The overall MANOVA for measures of memory at baseline was significant (i.e. Roy's largest root F =

(error d.f. = I3l) 2.5, p = 0.02), (Note: Roy's largest root is the 'eigenvalue' for the first variate and

represents the maximum differences possible between groups and the proportion of explained to

unexplained variance). This observation suggests that overall, participant group did have an effect on

the baseline neuropsychological tests of memory. The series of one-way ANOVAs showed a

significant main effect of group on the RBMT immediate story recall (i.e. F (2> i36j= 3.5, p = 0.01) and

a trend for a main effect of group on the RBMT delayed story recall (i.e. F (2,136) = 2.5, p = 0.08).

However, after applying the Bonferroni correction these results were no longer statistically significant

(i.e. adjusted critical p>0.007).

The overall MANOVA for measures of executive function was not significant (i.e. Roy's largest root

F= (error d.f. = 133) 1.4, p = 0.20) and none of the individual ANOVAs produced a significant main

effect of group. These observations suggest that participant group had no effect on baseline

performance on tests of executive function (N.B: results of the Kruskal-Wallis test are presented

alongside the ANOVA results in table 2B).

The overall MANOVA for measures of general intellectual function was also not significant (i.e.

Roy's largest root F= (error d.f. = 133) 1.4, p = 0.20) and none of the individual ANOVAs produced a

significant main effect of group. These findings suggest that overall participant group had little or no

effect on baseline performance on general tests of intellectual ability.
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Means, standard deviations, main effects of group and planned contrasts for the individual ANOVAs

are presented in Appendix 2: Table 2B. Results of the planned Helmert contrasts for immediate and

delayed story recall on the RBMT showed that HR- (timel) recalled more words/ideas than HR+

(timel) (i.e. contrast est. = 1.7, p = 0.01, and contrast est. = 1.4, p = 0.05, respectively). Given that this

contrast is based on the possible differences between groups with and without symptoms at the time of

the assessment, this may be interpreted as the result of a state effect on immediate and delayed verbal

story recall. Results of the contrast for trials 1-5 on the RAVLT at baseline indicated that the HR-

(timel) & HR+ (timel) groups (i.e. HR) recall more words over five trials compared to those who go

on to develop schizophrenia (i.e. SCZ; i.e. contrast est. = 4.8, p = 0.03). This was the only

neuropsychological test to reveal a baseline difference between those who have developed

schizophrenia and the rest of the high-risk group. It could therefore be viewed as a predictor for later

development of schizophrenia. However, because the F test was not significant (i.e. p = 0.10), it must

be considered tentatively (see Figure 2.2).

Figure 2.2: Mean total number of words recalled across five trials of the RA VLT at baseline

Bars show Means

Error Bars show Mean +/- 1.0 SE
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2.3 Methodology: Investigation 2

2.3.1 Design

The purpose of this second investigation was to explore performance over time, i.e. between the first

and most recent assessment in all participants (see Tables 2.3 and 2.4). It was not possible to

investigate performance change across all assessment rounds due to the varying number of

participants who attended for neuropsychological and clinical assessments in Phases 1 and 2. This

investigation therefore concerns all those in the EHRS who have completed at least two full clinical

and neuropsychological assessments of a possible five since the inception of the study ten years ago

(see Appendix 2: Table 2A).

The data were analysed using a general linear model repeated measures mixed design analysis of

covariance, controlling for the difference in the total number of assessment visits across participants,

the time between the first and last assessment and pre-morbid IQ. Participant group was introduced as

the between-group factor, with four levels (i.e. C, HR-, HR+ and SCZ) and performance at the first

and latest assessment on separate neuropsychological tests as a two level within-group factor. Our

hypotheses were outlined in Chapter 1. To reiterate, it was first hypothesised that high-risk

participants who did not become ill would show stable performance deficits relative to controls over

time. Secondly, it was predicted that those participants who had experienced symptoms at some point

in the course of the study and those who are now diagnosed as schizophrenic would perform more

poorly than those who have never experienced any psychotic symptom during the course of the study

on tests of memory and executive function, across both assessments. It was further hypothesised that

those participants who have subsequently become ill would demonstrate a reduction in performance

over time relative to the other high-risk groups, which could be related to the onset of schizophrenia.

2.3.2 Participants

2.3.2.1 High-risk participants

118 high-risk participants took part in at least two neuropsychological assessments of a possible five,

since the beginning of the EHRS and were therefore included in this analysis. This high-risk sample

was comprised of 13 individuals who have now been diagnosed as schizophrenic (i.e. SCZ), 56 high-
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risk participants who have experienced psychotic symptoms at some point in the course of the study

(i.e. HR+) and 49 high-risk participants who have experienced no psychotic symptoms in the course

of the study (i.e. HR-). All participants had their first assessments at phase 1 round 1, with the

exception of one (phase 1 round 2). The period of the last assessments of all participants varied (see

table 2.5).

2.3.2.2 High-risk participants who have not experienced a psychotic symptom in the course

of the study (i.e. HR-)

The HR- group included participants who, to the best of our knowledge, had not experienced any

psychotic symptom at any point in the course of the study. For those participants who had attended

for a maximum of two clinical and neuropsychological assessments, feedback from GPs involved with

those individuals was relied upon to verify that they remain well. Nonetheless, it is difficult to fully

control for the possibility that individuals classified as HR- may have experienced any psychotic

symptoms at some point between assessments, and that these may have gone unreported and therefore

undetected by GPs. Similarly, it is difficult to assure that those participants who were included within

this sub-group may not go on to develop schizophrenia, due to the fact that in some cases psychotic

symptoms do not necessarily precede the onset of psychosis. In either case however, this

misclassification would result in type II rather than type I errors.

2.3.2.3 High-risk participants who have experienced a psychotic symptom in the course of

the study (i.e. HR+)

The HR+ group included participants who have experienced intermittent psychotic symptoms over

time (i.e. as established by the PSE at each assessment visit; see Table 2.1), but have not developed

schizophrenia during and up to the 10 years of the study. In instances where contact was lost with

individuals after attending for at least two assessments, updates were requested from their GPs as to

their current mental health status in 1999 and 2004. Importantly, in no case were psychotic symptoms

in the HR+ group severe enough to meet any operational definitions for schizophrenia or related

psychotic illnesses, nor did they require treatment. Although negative symptoms are reported as
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prevalent in the prodromal stages of schizophrenia, depressive symptoms as measured by the PSE

were apparent in only a small number of cases, and not enough to allow for further analysis.

Psychotic symptom experience is also reported in the general population. The National Comorbidity

study reported 28.4% of individuals surveyed to acknowledge experience of psychotic symptoms,

while the lifetime prevalence of non-organically based hallucinations in the general population was

shown to be 10% for men and 15% for women (Verdoux and Van Os 2002). Similarly, the results

from a birth cohort study revealed 20.1% of participants to have reported a delusional experience, and

13.2% to have reported a hallucinatory experience by the age of 26 (Verdoux and Van Os 2002). This

evidence suggests that there may be a continuum of psychotic symptom experience, which does not in

all cases result in a psychiatric disorder.

If psychotic symptom manifestation is an attenuated form of the underlying pathophysiological

process in schizophrenia, then the experience of psychotic symptoms in individuals with a genetic

liability to schizophrenia may be further along the continuum to psychosis. This group's apparent

liability to psychotic symptoms could therefore be considered an intermediate phenotype.

2.3.2.4 Participants currently diagnosed with schizophrenia (i.e. SCZ)

Participants diagnosed with schizophrenia became ill on average 3.6 years (s.d. = 1.1) after their first

and 5.3 (s.d.= 8.7) months after their last clinical and neuropsychological assessment. Clinical and

neuropsychological assessments were discontinued in those participants who developed

schizophrenia, such that the most recent assessment of all individuals who are now ill was conducted

before a diagnosis of schizophrenia. A diagnosis of schizophrenia was made based on both PSE and

ICD-10 definitions of schizophrenia. Where participants had not returned for a clinical assessment

updates were requested from their GPs as to their current mental health status, and in the event that a

change in status had occurred a clinical interview was carried out by a clinician (Professor Johnstone)

at their home or in the hospital, to confirm diagnosis (see pi 14 - 115).
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Following the last neuropsychological assessment of two high-risk participants (i.e. A & B) who are

both now diagnosed as schizophrenic, it was subsequently discovered that both had experienced

severe psychotic symptoms several months prior to the final assessment, prompting admission to a

psychiatric ward. These participants did not disclose this at the time of their last PSE. Due to the fact

that one of these participants (i.o. A) may have developed the illness by the time of their second and

last neuropsychological assessment, they were excluded from the analysis of neuropsychological

performance over time. At the time of their final PSE, the other participant (i.e. B) did not meet

criteria for a psychiatric disorder, was receiving no medication, and showed unimpaired social

functioning, indeed this patient has recently returned to work. Furthermore, the case notes for B

suggested that the brief psychotic episode may have been attributable to drug induced psychosis while

abroad. It was therefore deemed appropriate to include participant B in the analysis of

neuropsychological performance over time.

2.3.2.5 Control participants

A total of 30 control participants have taken part in at least two neuropsychological assessments of a

possible five since the beginning of the EHRS and have, therefore, been included in this analysis. All

controls were required to complete the PSE in order to identify any incidence of psychotic symptoms

in this group. Of the controls, three experienced isolated psychotic symptoms at some point in the

course of this study, but were not excluded.
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Table 2.3: Experience of Psychotic Symptoms over time in high -risk participants with at least two

assessments

HR Group Sub-groups

Psychotic

symptoms change
over time

Numbers

without any

psychotic

symptoms

(HR-)/PSE
score 0 or 1

Numbers with

psychotic

symptoms ever

(HR+)/PSE

score 2 or 3

Numbers

with illness

(SCZ)/PSE
score 4

Total

HR+ 8 8

HR- 49 49

HR-: HR+: HR- 5 5

HR+: HR- 14 14

HR-: HR+ 29 29

HR-: HR- (NOW

SCZ)

4 4

HR+:HR+(NOW

SCZ)

5 5

HR-: HR+(NOW

SZ)

4 4

Total 56 13 118

Table 2.4: Number ofneuropsychological assessments in those who have attended at least twice

Group C

(N)

HR-

(N)

HR+

(N)

SCZ

(N)

Total

(N)

No. Times Assessed

X 2 8 14 20 8 50

X 3 6 11 11 5 33

X 4 13 17 15 45

X 5 3 7 10 20

N = 30 49 56 13 148
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Table 2.5: Period offirst and latest assessmentfor each group

First

Assessment (Dates)

C

(N)

HR-

(N)

HR+

(N)

scz

(N)

Total

(N)

Phase 1 Rd 1

('94-'96)

29 49* 55 13 146

Phase 1 Rd 2

('96-98)

1 1

Phase 2 Rd 1

('00-'02)

1 1

N = 30 49 56 13 148

Latest

Assessment (Dates)

Phase 1 Rd 2

('96-'98)

4 10 2 4

Phase 1 Rd 3

('98-'00)

3

Phase 2 Rd 1

('00-'02)

6 10 25 3

Phase 2 Rd 2

('02-'04)

20 29 29 3

N = 30 49 56 13

x2 participants' incomplete data



2.3.3 Demographic details

There were no significant main effects of group for age (i.e. F (3> )44) = 2.6. p = 0.06), gender (i.e. y2 =

2.5 (3), p = 0.5), or handedness (i.e. y2= 0.7 (3), p = 0.8). However, there were significant main effects

of group on the baseline WAIS-R full scale IQ (i.e. F (3, )44) = 3.1. p = 0.03) and on the NART

estimated full scale IQ (i.e. F (3; 143)= 3.3, p = 0.02). Lower baseline IQ scores in the high-risk sample

relative to controls were reported in earlier analyses of this data set (Byrne et al 1999; Cosway et al

2000). There were also significant main effects of group on the mean number of days between the

first and latest assessment (i.e. F (3, ,44)= 7.8, p <0.01), and on the mean number of visits over time (i.e.

F(3; ]44)= 3.2,p = 0.02) (see table 2.6). Bonferroni post hoc comparisons revealed a significantly larger

number of days between the first and latest assessment and a greater number of assessments in all

other groups relative to those who have developed schizophrenia. This is primarily due to the

development of the illness in these participants early on in the study, such that first and latest pre¬

morbid assessments in this group were closer together in time. In the same way, assessments were

discontinued in those who developed schizophrenia, so that they had fewer visits over time than all

other groups.
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Tabic 2.6: Demographic characteristics ofthe HR+, HR- & Control participants

c

(N=30)

HR-

(N=49)

HR+

(N=56)

scz

(N=13)

Test

Statistic

P

Mean full scale baseline WAIS-R IQ

(SD)

106.3 (8.6) 99.9 (9.3) 98.6 (9.3) 99.3 (9.8) 3.11 0.03*

Mean estimated full scale NART-IQ

(SD)

105.3(8.6) 99.9 (9.4) 98.6 (9.3) 99.3(13.6) 3.3' 0.02

Mean age (Baseline)

(SD)

21.7 (2.4) 21.5(2.7) 21.2 (3.0) 19.3 (2.4) 2.61 0.06

Mean age (Latest assessment)

(SD)

27.5 (2.3) 26.7 (3.9) 26.5 (3.5) 22.8(3.1)

Male N (%) 16(53.3) 27 (55.1) 23 (41.1) 7(53.8) 2.52 0.5

Female N (%) 14(46.7) 22 (44.9) 33 (58.9) 6 (46.2)

Left hand N (%) 2 (6.7) 4(8.2) 5 (8.9) 0 1.83 0.9

Right hand N (%) 26 (86.7) 43 (87.8) 47 (83.9) 12 (92.3)

Mixed hand (Annett Handedness

Scale) N (%)

2 (6.9) 2(4.1) 4(7.1) 1 (7.7)

Mean days between assessments (SD) 2150.7

(747.0)

1931.0

(788.5)

1956.5

(603.3)

1063.3

(480.8)

7.81 0.001**

Mean number of times assessed (SD) 3.4

(0.9)

3.3

(1.0)

3.3

(1.1)

2.4

(0.5)

3.21 0.02**

1 One-way ANOVA; 2 Pearson's Chi-squared; 3 Kruskal Wallis test; * C > HR+; ** Al groups > SCZ ( Bonferroni post-hoc, p<0.05)

2.3.4 Materials

As described in detail in section 2.1.1, only those tests which showed a statistically significant

difference between the high-risk group and controls at baseline (Byrne et al 2003; Byrne et al 1999),

were included in this second investigation. These include RBMT story recall, AVLT trials 1-5 and

long delay recall, Verbal fluency for letters and category, Stroop, HSCT time section 1 and 2, and type

A and B errors, SCOLP, WAIS-R Block design and WAIS-R digit symbol. Moreover, not all tests

administered at baseline were repeated throughout the study phases, therefore analysis of performance

over time was not possible (see Appendix 2: Table 2H).
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The WMS-R Visual Reproductions test was not included in the analysis of performance over time due

to its exclusion from the third round of assessments (i.e. it resulted in too few participants being

assessed on two occasions using this particular test), and its replacement in the second phase with the

Rey-Osterrieth Complex Figure test. Three different versions of the AVLT were used across three

assessments, before its replacement with the California Verbal Learning Test. The AVLT over time

was therefore based on the first and last assessment out of a possible three.

Due to the length of time required to administer the WAIS-R IQ test battery in full, it was

administered in totality at baseline only. Thereafter, only a selection of the WAIS-R sub-tests was

included in the neuropsychological assessment phases (i.e. Digit Span; Arithmetic; Digit Symbol; and

Block Design). Due to a large amount of missing data on the WAIS-R Arithmetic sub test (i.e. no

participants currently classed as SCZ have scores on this test after baseline), and the lack of

significant differences between high risk and control groups at baseline on this sub test, it was decided

not to include this measure in the current analyses. The WAIS-R Digit Span task also showed no

significant differences between the high-risk and control groups at baseline and has therefore been

excluded from these analyses. Finally, WAIS-R Block design and WAIS-R Digit symbol, which were

administered to participants on more than one occasion and have shown significant differences

between the high-risk and control groups at baseline, were included in the analysis of performance

over time.

2.3.5 Statistical Analysis

All analyses were performed using the Statistical Package for Social Science (SPSS version 11; SPSS

Inc., IL). Normality of distributions was checked using the Kolmogorov-Smirnov test, and

homogeneity of variance using Levene's test. Where distributions were non-normal, data were

transformed (see Appendix 2: Table 21, J, K and L for results of normality and homogeneity of

variance tests).
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General Linear Model Repeated Measures Mixed Analysis of Covariance (ANCOVA):

In order to determine any change in performance between the first and latest assessment of each

participant (longitudinal within and between subject differences), neuropsychological test

performance scores were individually introduced to a General Linear Model Repeated Measures

Mixed ANCOVA. This included a within-subjects factor of time, with 2 levels (i.e. performance

score at the first and latest assessment), and a between-subjects factor of group, with 4 levels (i.e.

SCZ, HR+, HR- & C).

Significant group by time interactions would therefore be considered an indication of a differential

change in performance in one group relative to all others over time.

Planned Helmert contrasts were also calculated to further investigate variations in performance

between groups where between-group effects were significant. As described previously, Helmert

contrasts are planned comparisons between each level of the between-group variable with the overall

mean of the remaining levels of the between-group variable, discarding a level from further analysis

once it has been compared to all others. These are preferable to post-hoc comparisons because they

address previously formed hypotheses about the outcome of the analysis and further reduce the

number of comparisons made. These were therefore used to address our apriori hypotheses (as

outlined previously in section 2.1), and included the following comparisons:

(1) C >HR & SCZ (i.e. trait effect)

(2) HR- >HR+ & SCZ (i.e. intermediate phenotype effect)

(3) HR+ > SCZ (i.e. full phenotype effect)

Covariates:

Two covariates were also introduced into our models in order to control for any additional variance:

the total number of visits for each participant (i.e. range: 2- 5), which could have contributed to a

practice effect, and the amount of time between each participant's first and latest assessment. Due to

an absence of significant group by gender interactions reported previously for this data set (Byrne et al
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2003), it was decided not to include gender as a variable in our analyses. Only the adjusted means

following ANCOVAs are presented in tables in the following results section.

The significant baseline differences between groups on both WAIS-R IQ and pre morbid NART-IQ

highlighted the need to control for the general intellectual differences between groups when analysing

neuropsychological performance over time (Byrne et al 2003). For this reason NART-IQ (considered

a stable measure of general intellectual ability over time) was entered as a third covariate into the

analysis of covariance. Results both before and after controlling for NART-IQ are presented in the

results section. This is due to an appreciation of the fact that by controlling for NART IQ, a

proportion of the variance central to neuropsychological deficits apparent in this group when

compared to controls may be removed. However, in the same way, without attempting to control for

initial differences in intellectual performance, any ensuing neuropsychological test performance

differences between groups could be construed as attributable to the effects of these differences in

intellectual ability.

One- Way Analysis of Variance and Covariance (ANOVA & ANCOVA)

Although a previously published comparison of baseline performance in the high-risk and control

groups showed differences on the tests selected here for further analysis, it was considered pertinent to

re-compute the baseline analysis for the current sample, along with a separate analysis of performance

at the latest assessment. This would allow for comparison of discrete performance differences

between groups at the first and at the latest assessment (cross-sectional between subject differences).

Neuropsychological performance scores at the first assessment were introduced to one-way ANOVAs

as single level within subject factors, along with a 4 level between subject factor of group (i.e. SCZ,

HR+, HR- & C). Neuropsychological performance scores at the most recent assessment were

introduced to one-way ANCOVAs in the same way, with the addition of the covariates of time

between and number of assessments. It was decided not to use multivariate analysis of variance

(MANOVA), due to the smaller number of participants assessed for a second time on the AVLT,

which would have resulted in reduced numbers for all memory tests in the MANCOVA and thus a

137



reduction in power to detect significant effects. The same planned Helmert contrasts as used in the

repeated measures ANCOVA were also computed to further explore between group effects.

Bonferroni corrections

Due to the large number of individual tests conducted, Bonferroni corrections were applied in order to

reduce the possibility of a type I error. This is a multiple comparison correction used when several

independent tests are calculated simultaneously because although the alpha level may be appropriate

for individual comparisons, it must be adjusted for multiple comparisons in order to control for

spurious false positives. These were calculated for tests within each functional domain. Degrees of

freedom vary due to incomplete or missing data on some tests (Note: see tables for

neuropsychological test performance means, standard deviations and results of the Analyses of

Covariance). For tests of memory, the adjusted critical value was p<0.01, for executive function

p<0.007 and for general intellectual function p<0.01.

2.4 Results: Investigation 2

2.4.1 Cross sectional between subject differences

Memory tests

Means, standard deviations and results of univariate ANOVAs and repeated measures ANCOVAs are

presented in Appendix 2: Tables 2C (Memory tests), 2D (executive function tests) and 2E (general IQ

tests). For baseline assessments, the results of the ANOVAs showed a significant main effect of

group for both RBMT immediate and delayed story recall (i.e. F (3, ]35) = 5.7, pO.OOl; F (3> 135) = 5.6,

p<0.001), and a trend for significance on RAVLT trials 1-5 (i.e. F (3, i37)= 3.1,p<0.05) and RAVLT

long delay recall (i.e. F (3; 137)= 2.2, p = 0.09). Planned contrasts showed controls to recall more words

at the first assessment for both immediate and delayed story recall (i.e. est. diff= 2.9, p<0.001;est.diff

= 2.9, p<0.001), RAVLT trials 1-5 (i.e. est.diff = 5.0, p<0.05), and RAVLT long delay recall (i.e.

est.diff= 1.4, p<0.05). HR+ also showed greater recall relative to SCZ on RAVLT trials 1-5 (i.e.

est.diff = 5.2, p<0.05).
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For the latest assessments, the results of the ANCOVAs for each test showed that there was trend for a

significant main effect of group for immediate story recall (i.e. F (3 |33) = 3.1 p = 0.03). There was no

significant main effect of group for delayed story recall (i.e. F (3 133)= 2.5 p = 0.06) or AVLT long

delay recall (i.e. F (3 94)= 2.1 p = 0.1). Planned contrasts showed C to recall more words than HR at

the latest assessment on immediate and delayed story recall (i.e. est. diflf = 1.8, p<0.05; est. diff = 1.9,

p<0.01). HR- also recalled more words than the rest of the HR group, with a trend for significance on

immediate story recall (i.e. est. diff = 1.8, p<0.05) and AVLT long delay recall (i.e. est. diff= 1.8,

p<0.05).

Executive function tests

The HSCT data were not normally distributed. Two measures were successfully transformed to

normal using a natural log transformation (time on section 1 and 2). For baseline assessments, the

results of the ANOVAs showed a trend for a significant main effect of group for verbal category

fluency (i.e. F (3 |39> = 3.2 p<0.05). Planned contrasts showed C to perform better at the first

assessment than HR on verbal category fluency (i.e. est. diff = 2.5, p<0.05). No other executive

function tests showed significant differences between groups at baseline in this sample. At the latest

assessment, ANCOVAs showed no significant main effects of group for any of the tests of executive

function.

General intellectual function

For baseline assessments, the results of the ANOVAs showed significant main effects of group on

both WAIS-R Block Design (i.e. F (3,144) = 4.2 p<0.01), and trends for significance on WAIS-R Digit

Symbol (i.e. F (3 144) = 3.5 p<0.05), and SCOLP Spot the Word (i.e. F (3 i37) = 3.2 p<0.05). Planned

contrasts showed C to perform better than HR on Block design (i.e. est. diff= 2.1, p<0.001), Digit

symbol (i.e. est. difif= 1.5, p<0.01) and Spot the Word (i.e. est. diff = 3.1, p<0.01).

At the latest assessment, ANCOVAs showed significant main effects of group for Block design (i.e. F

(3,137) — 4.3 p<0.01), and a trend for a significant effect on Digit symbol (i.e. F(3 140)= 2.9 p<0.05), but

there was no significant main effect of group for any other general intellectual function tests. Planned
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contrasts revealed C to perform better than HR on Block design (i.e. est. diff = 1.4. p<0.05).

Interestingly, HR+ performed significantly worse than those who are now SCZ at the latest Block

design assessment (est. diff= 2.1, p<0.05). C also performed significantly better than HR on Digit

symbol (i.e. est. difif = 1.7, p<0.01).

2.4.2 Longitudinal within and between subject differences

RBMT story recall

There were no significant time by group interactions or main effects of time for immediate story recall

(i.e. F (3> 133) = 0.9, p = 0.4) or delayed story recall (F (3_ ,33) = 0.7 p = 0.4), but there were significant

main effects of group on the immediate (i.e. F l3 133)= 5.11 p = 0.002), and delayed (i.e. F (3 )33) = 5.02

p = 0.003) recall conditions. Planned contrasts showed that control participants performed

significantly better than the HR group on immediate (i.e. est. diff = 2.2, P<0.001) and delayed (i.e. est.

diff = 2.4, p<0.001) recall across both assessments (see Appendix 2: Table 2C and Figures 2.3 and

2.4). These main effects of group became trends after controlling for NART 1Q (i.e. F (3 |33)= 3.4 p =

0.02; and F(3 |33)= 3.3 p = 0.02, respectively).

Figure 2.3: Mean RBMT immediate story recall overtime
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Figure 2.4: Mean RBMT delayed story recall over time
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There were no significant interactions of time by group. However, there was a significant main effect

of time (i.e. F (l- 88) = 9.8, p = 0.002) for the long delay recall condition, suggesting that performance

on this test was not stable across all participants (see Appendix 2: Table 2C and figure 2.5). There

was also a trend for a significant main effect of group in the long delay recall condition (i.e. F (3 88) =

3.3, p = 0.02). Planned contrasts indicated that C performed better than HR (i.e. est. diff = 1.3,

p<0.02) and HR+ better than SCZ (i.e. est. diff = 1.8, p<0.02). However, this was somewhat reduced

after controlling for NART-IQ (i.e. F (3< 88) = 2.6, p = 0.04) (see figure 2.6). Although there were no

significant main effects of group (i.e. F (3 88) = 2.4, p = 0.07) or interactions (i.e. F (1 88) = 0.6, p = 0.4)

on total learning over trials 1-5, contrasts showed C to recall more words across both assessments than

HR (i.e. est. diff= 4.1, p = 0.03) and HR+ to recall more words across both assessments than SCZ (i.e.

est. diff = 6.0, p = 0.02).
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Figure 2.5: Mean AVLTlong delay recall over time

Time

Figure 2.6: Mean AVLT total recall over five trials overtime

Time

Verbal Fluency for Letters

There were no significant main effects of group (i.e. F (3134) = 2.0, p = 0.1) or time by group

interactions (i.e. F (3134) = 0.9, p = 0.4) for the verbal fluency for letters task. Nonetheless, from the

adjusted mean scores over time for each group, it can be seen that those who go on to develop

schizophrenia deteriorate non-significantly over time relative to an improvement in all other groups

(see Appendix 2: Table 2D and Figure 2.7).
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Figure 2.7: Mean verbal fluency for letters over time

Time

Verbal Fluency for Categories

There was no group by time interaction and a non-significant main effect of group on the mean

number of words generated on the four legged animal exemplar test (i.e. F (3 134) = 3.0, p = 0.03),

which was weakened further after controlling for IQ (i.e. F (3 134) = 1.9, p = 0.1). The planned

contrasts showed no significant differences between groups (see Appendix 2: Table 2D and Figure

2.8). Again, from the mean adjusted scores, those who subsequently became ill show a non¬

significant decrement in performance relative to the other groups over both assessments.
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Figure 2.8. Mean verbal fluency for animal categories over time

HSCT

There was no group by time interaction, but a trend for a main effect of group for response time in

section 2 of the HSCT, involving response suppression (i.e. F (3 133) = 2.50, p = 0.06). Planned

contrasts showed that participants in group C were faster during response suppression than the HR

group (i.e. est. diff = 0.6, p = 0.009; i.e. Table 2D). This effect was not significant after controlling

for NART 1Q (i.e. F (3> 132)= 2.1, p = 0.11).

WAIS-R - Block Design

There was no group by time interaction, but a significant main effect of group for WAIS-R block

design (i.e. F (3_ 137) = 4.2, p = 0.007). Planned contrasts indicated that the C group performed better

than the HR group (i.e. est. diff = 1.4, p = 0.03; see Table 2E). This effect was lost after controlling

for NART-IQ (i.e. F (3> 137)= 2.3, p = 0.07).

WAIS-R - Digit Symbol

Again, there was no group by time interaction, but a significant main effect of group (i.e. F (3 i40) =

3.3, p = 0.02). Contrasts showed C to perform better than the HR group over time (i.e. est. diff= 1.5,

p = 0.01; see Table 2E). This effect was lost after controlling for NART-IQ (i.e. F (3, i3g) = 1.7, p =

0.2).
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Other measures

There were no significant main effects of group or group by time interactions on the Stroop or SCOLP

tests (see Appendix 2: Tables 2D and 2E).
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2.5 Methodology: Investigation 3

2.5.1 Design

The third investigation was designed to address the issue of the relationship, if any, between genetic

liability and neuropsychological performance over time. Both continuous and categorical measures of

genetic liability were computed. In brief, a previous analysis of the relationship between categorical

and continuous genetic liability and neuropsychological performance between the first and second

assessment rounds of the first phase revealed significant negative correlations between categorical

genetic liability and the total RBMT screening score over time, and a trend on HSCT time on section

2 over time. This analysis also showed significant negative correlations between continuous genetic

liability and baseline RBMT immediate and delayed story recall and baseline HSCT time on section 2

in the high-risk group as a whole (Byrne et al 2003). In recap, it was hypothesised that performance

on tests of executive function and memory over time in our current groups, would be negatively

associated with greater familial risk/genetic loading.

2.5.2 Participants

The 118 high-risk participants described in section 2.1 were further classified according to two

measures of genetic liability, i.e. one quantitative and one categorical.

2.5.3 Genetic liability measures

Continuous genetic liability measure

A quantitative/continuous measure of genetic liability was calculated in the high-risk group, based on

a method developed by Professor Pak Sham. This method involved the generation of a continuous

and bimodal distribution of genetic liabilities. This method is described in more detail elsewhere

(Byrne et al 2003; Lawrie et al 2001). However, in brief, a multifactorial polygenic liability threshold

model of schizophrenia was assumed, with a heritability (h-squared) of 0.7 for liability to

schizophrenia. Based on the mean values of the liability above and below a threshold assuming a

prevalence of 0.5% of schizophrenia, expected liabilities were 2.86 for schizophrenia patients and -

0.14 for the family members. Using multivariate regression, an index of genetic loadings for each

individual was calculated based on the expected liabilities, and a continuous and bimodal distribution
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of genetic liabilities was generated (Lawrie et al 2001). Figure 2.9 presents the group medians and

ranges of quantitative genetic liability estimates. The results of a non-parametric one-way ANOVA

showed no significant differences between the high-risk groups in genetic liability estimates,

suggesting that contrary to what might have been expected, liability is not significantly greater in

those who develop the disorder, or in those who are vulnerable to psychotic symptoms (Table 2.7).

Table 2.7: Results ofKruskal-Wallis one-way ANOVA ofgroup by genetic liability

HR-

(N=49)

HR+

(N=56)

SCZ

(N=

x1 P

Categorical genetic liability

(x2 2nd: 1" &2nd: x2 Is'degree)

13:27:9 19: 30:7 3: 8: 2 1.4 0.8

Continuous genetic liability

(Mean (standard deviation, 25th
and 75'h percentiles))

0.297 (0.19,

0.099,0.42)

0.288 (0.20,

0.076,0.45)

0.255 (0.04,

0.096, 0,40)

0,3 0.8

Figure 2.9(a): Boxplots of median continuous genetic liability estimates in the high-risk group

(midline represents median, whiskers represent range, box ends represent interquartile

range)
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Figure 2.9(b): Histogram of continuous genetic liabilities in the high-risk group
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quantitative genetic liabilities

Categorical genetic liability

A categorical measure of genetic liability was also computed for each member of the high-risk group

based on data derived from detailed family trees detailing the number and proximity of relatives

diagnosed as schizophrenic (see figure 2.10). High-risk participants were grouped into one of three

categories. Category 1: at least one 2nd degree relative (i.e. N = 35); Category 2: one affected 1st

degree and one affected 2nd degree relative (i.e. N = 65); and Category 3: two or more affected Is'

degree relatives (i.e. N = 18). The results of a non-parametric one-way ANOVA showed no

significant differences between groups in categorical genetic liability (Table 2.7).

Figure 2.10: Histogram of categorical genetic liability in the high-risk group classified

according to experience of psychotic symptoms and subsequent development of

schizophrenia
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Figure 2.11: Scatter plot of relationship between measures of genetic liability

O 0 .60 000

1.5 0 2.00 2.50

Categorical genetic liability

The Spearman's rho non-parametric correlation showed a significant relationship between categorical

and continuous genetic liability measures (rs= 0.75, p < 0.001).
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2.5.4 Materials

Neuropsychological tests

Those tests used to investigate neuropsychological performance over time in the previous

investigation which showed main effects of group or time by group interactions tests are included in

this third investigation. These included: the RBMT (immediate and delayed story recall); the AVLT

(long delay recall); the Verbal Fluency for Category test; the HSCT (Time on section 2, response

suppression condition); the WA1S-R Digit Symbol; and the WAIS-R Block Design.

2.5.5 Statistical analysis

Where initial analyses showed main effects of group over time or time by group interactions, we

investigated the effect of genetic liability on performance on these tests over time in the high-risk

group only.

All analyses were performed using the Statistical Package for Social Science (SPSS version 11; SPSS

Inc., IL). Normality of distributions was checked using the Kolmogorov-Smimov test, and

homogeneity of variance using Levene's test (See Appendix 2: table 2M,N, O and P). Using the same

methods described above, in separate repeated measures mixed ANCOVA's; the categorical measure

of genetic liability was entered as a three level between subject factor (2nd degree relative, 1st degree

relative, x 2 l!l degree relatives), and psychopathology as an additional covariate along with time

between and number of assessments. Neuropsychological performance over time was entered as a

within-subjects factor with 2 levels (i.e. performance score at the first and latest assessment). Planned

Helmert contrasts as described above were also computed to investigate further any differences

between discrete qualitative genetic liability groups.

For the continuous measure of genetic liability using a multiple linear regression forced entry model,

continuous genetic liability was entered as a predictor variable along with group based on

psychopathology, as defined in section 2.1. Days between assessments, and the number of

assessments across participants were also added as covariates. The difference between the first and

latest assessment on relevant neuropsychological tests was entered as the outcome variable. In order to
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adjust for multiple comparisons Bonferroni corrections were applied to the critical value of p in this

investigation.

2.6 Results: Investigation 3

2.6.1 Categorical genetic liability results

The distributions of the dependent variables were normal for all levels of the independent variable.

Given the previous non-normality of the HSCT measures, those variables, which were transformed

using a natural log transformation, were used. Means, standard deviations and results of repeated

measures ANCOVAs are presented in Appendix 2: Table 2F. Results showed no significant group by

time interactions, and only a trend (after bonferroni correction) for a significant overall main effect of

qualitative genetic liability on RBMT delayed recall performance over time (F (2, io4)= 3.1, p = 0.05),

and WAIS-R Block Design (F (2, io7)= 4.7, p = 0.01). Contrasts showed better performance at both

assessments overall in those with a minimum of one 2nd degree affected relative, compared to those

with one or more Is' degree relatives for delayed story recall (est. diff= 1.5, p = 0.02), and Block

Design (est. diff = 1.2, p = 0.06) (see Figures 2.12 and 2.13). Interestingly, Figure 2.13 demonstrates

a quadratic trend in the dependent variable across genetic liability categories. There were no other

time by group interactions or main effects of group on any of the other neuropsychological tests.

Figure 2.12: Estimated marginal mean scores for RBMT delayed story recall over time in

categorical genetic liability groups

Qualitative genetic liability
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Figure 2.13: Estimated marginal mean scores for WAIS-R Block Design over time in

qualitative genetic liability groups

Qualitative genetic liability

2.6.2 Continuous genetic liability results

Results of the linear regression are presented in Appendix 2: Table 2G. Following Bonferroni

correction, results of the regression analyses showed a trend for a significant negative correlation

between RBMT delayed story recall difference score and continuous genetic liability (i.e. R= -0.15,

p=0.055), and t-tests showed a non-significant influence of quantitative genetic liability on RBMT

delayed story recall performance over time, after entering psychopathology, time between assessments

and number of times assessed (i.e. t no9) = 1-69, p=0.093) (see figure 2.14). Despite this correlation, it

is clear from the plot that scores are heterogeneous and widely scattered around the mean. There was

also a trend for a significant negative correlation between the difference score on verbal category

fluency and continuous genetic liability (i.e. R= -0.16, p=0.043), although no effects reached

significance on individual t-tests. There were no significant correlations between continuous genetic

liability and the difference score for performance over time on RBMT immediate story recall, aspects

of the AVLT, HSCT or WAIS-R subtests over time and none of the models achieved significance (see

table 2G).
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Figure 2.14: Scatter plot of the negative correlation between RBMT delayed story recall and

a continuous quantitative measure of genetic liability in the high-risk group

quantitative genetic liabilities
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Chapter 3: Discussion of investigations 1-3

3.1 Memory

The investigation of memory over time was restricted to those tests used at both intake and follow up,

and to those which initially discriminated well between the maximum sample of controls and high-

risk participants at baseline. This means that any inferences drawn about verbal memory performance

over time in this group, are based on a test of immediate and delayed story recall, and a test of total

and delayed list learning.

Analysis of the group means on story recall at baseline shows those who are ill to have scored non-

significantly lower than all other groups, suggesting that this is not a strong predictor of

schizophrenia. However, at the latest assessment, those who are now ill perform significantly worse

than high-risk participants who have experienced psychotic symptoms, suggesting that the

development of psychosis may be exerting some influence over story recall performance at this time.

Moreover, the smaller group numbers suggest that this could be a type II error.

Our results also demonstrate a consistent poorer performance of the high risk participants as a group

on the immediate and delayed story recall of the RBMT, compared to controls, after controlling for

IQ, time between and number of assessments. Although all participants show a reduction in

performance over the two assessments, the main effect of time was not significant, suggesting that this

may be due to regression to the mean (i.e. extreme values in some participants at first testing regress

to the group mean at the next testing). Alternatively, a reduction in motivation in all groups due to

test familiarity might have led to a drop in scores at follow up. Learning effects would not have been

prominent on this aspect of RBMT because different story excerpts were used at each assessment.

Moreover, there are no inherent learning strategies (common to list learning tasks) provided during

story presentation. Recall is therefore dependent on an understanding of the 'gist' of the story and

context processing at the first presentation. This finding supports our first hypothesis of a stable

deficit in both affected and unaffected relatives of schizophrenics, which remains unchanged over

time.
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Although the overall main effect of group on total verbal learning (AVLT trials 1-5) was not

significant, there were significant differences between the high-risk and control groups at baseline. It

is unclear why there was a non-significant general reduction in performance across all groups.

However, this is a similar pattern to that apparent for story recall, so again may be attributable to

regression to the mean. The high-risk group also performed less well (i.e. at trend level) compared to

controls, overall across both assessments on long delay verbal free recall (AVLT), before and after

controlling for NART-IQ, time between and number of assessments. The significant main effect of

time for long delay recall also indicates that there was a significant performance improvement across

both assessments for all groups. The smaller (although non-significantly so) improvement in the

controls and high-risk participants with a liability to psychotic symptoms is possibly due to their

already high baseline levels of recall. This change may therefore also be attributable to regression to

the mean, but additionally calls into question the stability and reliability of the parallel versions of the

AVLT with repeated assessment. Given the lack of group by time interaction, these findings also

support our first hypothesis of a stable deficit in both affected and unaffected relatives of

schizophrenics, which remains unchanged over time.

Across both assessments, those who are now ill recalled less of a list after a long delay than the high-

risk participants who have and have not experienced psychotic symptoms over time. This suggests a

possible continuum of verbal memory ability in the high-risk group, with performance slightly worse

in those who go on to become schizophrenic. Indeed, performance at baseline on total verbal learning

(RAVLT trials 1-5) showed that those who became ill learned and recalled on average fewer words

than the rest of the high-risk group, making this a potential neuropsychological predictor of

schizophrenia in a high-risk group.

Both measures of genetic liability were negatively associated with delayed story recall performance

over time. This suggests a more general association with genetic loading and delayed verbal story

recall, given that performance seems to remain stable over time, albeit slightly (non-significantly)

worse in those who have symptoms and those who develop schizophrenia. This further indicates that
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this is fundamentally a trait deficit, rather than a phenotypic effect (although the development of

psychosis may negatively impact on performance).

Our findings lend further support to evidence for verbal memory impairment in healthy relatives of

schizophrenics on tests of story recall (Faraone et al 1995; Laurent et al 1999; Toomey et al 1998;

Toulopoulou et al 2003a) and list learning (Cannon et al 1994; Egan et al 2000; Harris et al 1996;

Lyons et al 1995). This may signify inappropriate encoding and/or retrieval strategy usage, a finding

previously reported in first episode patients (Hill et al 2003; Saykin et al 1994). However, results also

suggest that relatives are not performing significantly worse than controls on these tests over time,

regardless of symptom development. Stable performance over time and across ages in unaffected

relatives has been demonstrated previously (Faraone et al 1999; Laurent et al 1999). Indeed, the

significantly poorer baseline verbal learning of high-risk participants who went on to develop

schizophrenia on average three years later, implies that substantial differential deterioration may

already have occurred in this group. This is also supported by the New York High-Risk Study's

identification of a short-term verbal memory deficit in high-risk children, which is a sensitive

predictor of later schizophrenia-related psychoses (Erlenmeyer-Kimling et al 2000).

This is however not obviously reconcilable with a previous finding from this study of a differential

decrement in delayed verbal memory recall (AVLT) between the first and second assessments in those

who had symptoms already or had developed them by the second assessment relative to those who

had no psychotic symptom experience. It was inferred that this might be due to the interference of

symptoms at the time of assessment, and/or a precursor to psychosis in those who would later develop

schizophrenia. While the current evidence suggests that a liability to psychotic symptoms does not

appear to interfere significantly with performance over time, this may be due to the fact that psychotic

symptom experience in the current HR+ group is intermittent and may occur at or between the first

and latest assessments in most participants. Furthermore, it is possible that the majority of those

within this group will not go on to develop schizophrenia after this time. It is therefore likely that

Cosway et al (2000) identified a group by time interaction in an HR+ group composed of a number of

participants who would later develop schizophrenia. Given the small numbers who have now
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developed schizophrenia and have been included in the current analysis, lack of power may have

obfuscated any actual decrements in verbal memory performance over time. This may be true when

coupled with the possibility that participants who are now ill will have been assessed at similar times,

but while they were individually at varying stages in the disease process. Moreover, this is bome out

by the different onset dates across the thirteen people in this group. These issues additionally

highlight the difficulties of using group means to draw conclusions about neuropsychological

performance. Schizophrenia is notoriously a heterogeneous condition, characterised by a general

intellectual deficit. It is likely that differential deficits may underlie this profile, and may equally

differ across individuals.

3.2 Executive function

There were no significant overall main effects of group in the verbal category fluency scores, despite

initial greater baseline performance in the controls relative to the high-risk participants. However,

from the means it can be seen that at baseline those who subsequently became ill produced on

average, though non-significantly so, more words than the rest of the high-risk group, and despite a

lack of group by time interaction, those with schizophrenia are the only group to worsen in

performance on this test over time. This non-significant reduction in performance can be very

tentatively interpreted as a possible indication of cognitive deterioration prior to the onset of

schizophrenia.

Unaffected relatives of schizophrenics have been shown to be significantly impaired on both

phonological and category fluency in some (Keefe et al 1994; Laurent et al 1999), but not all studies

(Goldberg et al 1993). Additional evidence suggests a differential impairment in category as

compared to letter fluency in schizophrenia (Bokat and Goldberg 2003; Gourovitch et al 1996). As

verbal fluency requires strategy and inhibition, if this were purely an executive function deficit, high-

risk participants would be equally impaired on both aspects of this task. A search following an

exemplar cue may reflect the integrity of the semantic store, suggesting an impairment that exceeds

executive function and extends to semantic memory organisation. Alternatively, the timed nature of
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this test may disadvantage participants who are affected by a general cognitive slowing. However,

without having controlled for speed of processing this cannot be confirmed.

The trend for a significant negative association between performance on verbal category fluency over

time and quantitative genetic liability also suggests that an increase in liability is associated with

impaired category fluency. However, again, given the absence of any differential changes in

performance in any one group, this represents a general association, and not necessarily one associated

with change over time.

There was a trend for a significant main effect of group on HSCT response suppression over time

before controlling for IQ. This suggests the high-risk group were inhibiting responses with less speed

and accuracy than controls, a behaviour previously shown in schizophrenic patients and associated

with auditory hallucination severity (Nathaniel-James and Frith 1996). While it is surprising that

response inhibition did not more robustly discriminate between high-risk participants and controls,

this may be due to test repetition. On first administration, the ability to formulate a strategy to deal

with suppression of responses is difficult. However, it is possible that by the second or third

assessments, test familiarity will make the task slightly easier. Although this is not supported by a

significant main effect of time across groups, all groups appear to show improvement between

assessments (although those who are now ill show a stability of performance on section 1).

The lack of significant effects on the other tests of executive function (i.e. Stroop) was also surprising.

However, it is entirely possible that executive deficits are associated with the later course of the

illness. Alternatively, these tests may not be sensitive enough to detect underlying functional

differences between groups.

3.3 Intellectual function

Finally, for Block Design, there was a significant main effect of group at both assessments. Although

these became non-significant after controlling for IQ, this is perhaps less valid given the overlap in

aspects of function measured. Interestingly, those who are now ill performed better than the rest of
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the high-risk group at both assessments. This is similar to the pattern of ability demonstrated by the

means on verbal category fluency. Both these findings once again raise the question of heterogeneity

of function in schizophrenia, and the possibility that some of those who do develop schizophrenia may

not show general intellectual performance deficits. Kremen et al (2004) suggest that without

individual case study approaches, it is difficult to extrapolate the true nature of neuropsychological

impairments in schizophrenia and by extension relatives of schizophrenics (Kremen et al 2004;

Weickert et al 2000). Analogous to this is the question of the underlying neural correlates of block

design and verbal category fluency performance, and what preserved function, on the former test at

least, might indicate about brain mechanisms. This is especially intriguing given the poorer

performance of the participants who are now ill on most other aspects of test performance.

On Block Design, there was also a significant main effect of qualitative genetic liability. However,

from the group means this pattern does not appear to be linear, which may explain the failure to find a

correlation with a continuous measure of genetic liability. This relationship implies that Block Design

performance is superior at higher genetic loadings, relative to those with medium categorical genetic

loadings, but equivalent to those with only 2nd degree relatives.

3.4 Limitations

It is possible that our small group numbers, specifically in the control group and in the group of those

subsequently developing schizophrenia, will have reduced statistical power, increasing the chances of

a type II error and thus precluding detection of significant group by time interactions. Indeed, the

pattern of performance on the verbal fluency test suggests that, on this measure at least, there was a

non-significant deterioration in verbal fluency in those who develop schizophrenia relative to an

improvement in all others. Our conclusions must therefore be considered in light of this study

limitation, and we must remain open to the possibility that changes over time might have been

demonstrated, given larger group numbers.

Another potential limitation to our current analyses is evident in our controlling for the effect of initial

group differences in premorbid NART-IQ. If similar cognitive decline is occurring in other areas of
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function, by removing the variance attributable to differences in premorbid intelligence, we may also

be removing some of the overlapping variance attributable to differences in other areas of cognitive

ability. Our results show significant main effects ofNART-IQ throughout all our neuropsychological

tests. However, after co-varying for IQ, differences between groups remain on a number of tests,

suggesting that although it may account for some of the variability in performance between groups,

intelligence is not the sole predisposing factor.

Our co-varying for practice effects and time between assessments is also an additional limitation to

our analysis. Unfortunately, in order to include the maximum number of participants, and those who

have since developed schizophrenia, inequalities between groups emerged in the average time

between and number of assessments. A control of these extraneous factors within the statistical

analysis was necessary in order to conclude that any differences were not due to practice or time

elapsed between assessments.

3.5 Conclusions

Overall, our results are in keeping with our first hypothesis, that the high-risk participants would

continue to perform poorly relative to controls on some neuropsychological tests, but that overall

performance would not deteriorate over time, providing evidence of a stable trait deficit and a possible

cognitive marker for schizophrenia.

In our genetic liability analyses, both measures appear to account for relatively little variability

between groups, although the negative relationship with some tests indicates the expected direction of

association, and may be attributed to the fact that most of our high-risk sample has at least two

affected relatives, reducing the variability in liability in this group. These weak findings support those

previously reported, and suggest that neuropsychological impairments negatively correlate with

genetic loading. However, without any significant changes in performance over time, it appears that

genetic loading is less related to change and more associated with an overall susceptibility to reduced

cognitive performance compared to controls (Byrne et al 2003; Faraone et al 2000).
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Our findings do not support our subsequent hypothesis that those in the high-risk group who had

experienced symptoms at some point, would demonstrate a poorer performance overall, relative to the

other groups. This would imply that performance over time is relatively unaffected by the presence of

psychotic symptoms, and that neuropsychological deficits mainly represent an inherent genetic

vulnerability to schizophrenia present in all relatives. However, the pattern of our results is generally

in the expected direction, with HR+ performance somewhere between HR- and those who are now ill.

As discussed earlier, a lack of significant differences overall between those with and without a

liability to symptoms may be due to the heterogeneity of our HR+ group and the transient and

intermittent psychotic symptom experience either, both or between assessments. High-risk

participants have been monitored through the period of their maximum risk and while it is possible

that a small number of those who have and have not experienced symptoms will yet progress to

schizophrenia, it is likely that the majority will not.

An absence of significant group by time interactions suggests there is no differential decrement over

time in those who go on to develop schizophrenia. This finding is compatible with the view that any

substantial cognitive decline in schizophrenia is primarily attributable to processes occurring in early

development, childhood and/or adolescence rather than nearer the time of psychosis onset (Ang and

Tan 2004; Caspi et al 2003; Fuller et al 2002). Fuller et al (2002) investigated school test scores in a

sample of adult onset schizophrenic patients and discovered a drop in scores between 13 and 16 years,

younger than our high-risk group at baseline. Ang et al (2004) also reported deterioration in

mathematics scores in adult first episode schizophrenics between the same ages, 3-8 years prior to

schizophrenia development. However, this conclusion must be considered within the context of the

methodological limitations of this experiment, ft is also possible that small group numbers have

precluded detection of significant group by time interactions.

In summary therefore, our results suggest that deficits in neuropsychological performance are at least

partly heritable, generally stable over time, and not solely attributable to a difference in intellectual

performance. A lack of a differential performance decrement over time in those who became ill could
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reflect limited power due to small numbers but supports evidence for structural and functional brain

changes a considerable time before the onset of schizophrenia.
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Chapter 4: Investigation 4

4.1 Methodology

4.1.1 Design

For those participants who underwent scanning trials as part of the EHRS the California Verbal

Learning Test (CVLT(Delis et al 2000)) replaced the previously used RAVLT, and the Rey Complex

Figure Test replaced the twice administered WMS-R Visual Reproductions Test. These changes were

made at the beginning of the second phase of testing, which also newly incorporated functional

magnetic resonance imaging (fMRI) as part of the assessment protocol.

Due to the possible differences in the measurement of memory function between these novel tests and

their predecessors - such as the assessment of encoding and learning processes- it was felt pertinent to

investigate more fully the performance on the different measures of these tests at first administration

in the EHRS. This was achieved by exploring memory performance in the first one hundred

participants to attend for a functional MR1 scan. This participant sample was also used for our

investigation of baseline functional magnetic resonance imaging during a verbal memory paradigm,

and is described in more detail in Chapter 5.

Given the encoding deficits described in patients with schizophrenia (see Chapter 1), and the

differences in performance on aspects of the CVLT in relatives of schizophrenics (Lyons et al 1995),

it was hypothesised that on the CVLT high-risk participants as a group would also show less effective

learning and encoding strategies and therefore poorer recall relative to controls across the five list

learning trials. Additionally, given the reduced difficulty of recognition relative to recall tasks and the

inherent semantic structure to the CVLT word lists, which facilitates recall, it was also predicted that

high-risk participants as a group would show equivalent recognition performance to controls.

4.1.2 Participants

The first one hundred participants to attend for a functional MRI scan normally completed

neuropsychological and clinical assessments on the same day. The first one hundred participants were

selected specifically for this investigation of memory, to complement the fMRI of encoding and

165



retrieval task analysis. This group was also primarily targeted to coincide with Dr Heather Whalley's

recent analysis of the fMRI and Hayling Sentence Completion Test data set in the same participants.

Groups were classified in accordance with scores generated on the PSE close to or on the same day as

testing (Phase 2 round 1) (Note: see section 2.1 for a more detailed description of the PSE). As in the

previous investigations, based on this assessment participants were allocated to one of three

experimental groups: controls (C), high-risk participants with any psychotic symptom experience at

the time of testing (HR+) and high-risk participants with no psychotic symptom experience at the time

of testing (HR -).

Analysis of the demographic data showed no significant main effect of group on age (i.e. F (2> 97) = 2.1,

p = 0.12), but a trend for significance on estimated full scale NART IQ (i.e. F (2,97) = 2.8, p = 0.065).

The demographic characteristics of the high-risk and control groups are outlined in Table 4.1.

Table 4.1: Demographic characteristics

Demographic characteristic C HR- HR+ P

(N=23) (N=46) (N=31) F

Age 26.57 (2.6) 26.37 (3.3) 25.06 (3.0) 2.1 0.10

(N=21) (N=46) (N=31)
NART est. FSIQ 103.30 (9.14) 100.96 (9.3) 97.06(11.0) 2.8 0.06

4.1.3 Materials

4.1.3.1 The California Verbal Learning Test (CVLT)

The CVLT (2nd edition; (Delis et al 2000) is an assessment of the amount of verbal information which

can be learned and recalled, the strategies which are employed during learning and the aspects of the

verbal learning process which might be responsible for apparent memory impairments. This type of

assessment therefore, provides a more informative analysis of the nature of memory processing in

both clinical and non-clinical populations (Delis et al 2000). The CVLT involves the dictation of a

list of sixteen words by the experimenter, presented in the form of a shopping list. Encoding of the

words is facilitated by the ability to group words into one of four categories (i.e. clothes, fruit, herbs

and spices, and tools). Participants must freely recall words across five trials and after a short and

long delay period, with one trial of interference (a sixteen word list containing four words from each
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of four categories: fish; kitchen equipment; herbs, and fruit). Additional trials include short and long

delay cued recall, and recognition.

Numerous measures can be calculated based upon the data collected during performance of the

CVLT. A number of these measures are calculated according to the details outlined in the CVLT

users manual. We have included measures which allowed for elucidation of the nature of verbal

learning in this group (Delis et al 2000):

(1) Immediate Verbal Recall Trials

(a) List A Recall Trial 1

Following the experimenter's reading of the sixteen-item word list A, participants were asked to

repeat back immediately as many words as possible recalled from the list. This is a good indicator of

initial short-term verbal memory and a low score on this trial relative to all others may reflect auditory

attentional difficulties or test-related anxiety.

(b) List A Trials 1-5 total

This is a measure of verbal learning after the presentation and immediate recall of list A five times.

List A Trials 1-5 is a measure of the total number of words recalled across all five trials and can

provide a 'global measure of immediate free recall performance'.

(c) Learning Slope trials 1 -5

This measures the average number ofnew words learned for each trial (trials 1-5), such that 1 suggests

1 new word per trial, whereas a slope value of 0 indicates no new learning has occurred. This

measure was calculated in SPSS using the following formula (x =trial, y = total number correct per

trial, n = number of trials in slope and X = sum; (Delis et al 2000): X xy - [(X x) (XyV11] /Jx2- [(X

x)2/n]

(d) List B Immediate Recall trial
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Low scores on this trial as well as trial 1 of list A relative to normal performance on list A total recall

trial 1-5, may again reflect attentional difficulties in spite of apparent intact learning ability.

(2) Delayed Verbal Recall Trials

(a) Short-Delay Free Recall trial

This measures verbal recall for list A after a brief delay during which time the interference trial of list

B was presented.

(b) Short-Delay Cued Recall trial

This will aid participants' recall after a short delay by demonstrating that the semantic grouping of list

items can facilitate later recall. This score will normally be an improvement on the score generated

from free recall, due to the semantic strategy, which can be employed.

(c) Long-Delay Free Recall trial

Free recall of all words from list A is required after a 20-minute delay, during which time participants

will have been engaged in non-interfering non-verbal memory testing.

(d) Long-Delay Cued Recall trial

This precedes the recognition trial, but follows the long delay free recall trial. This gives participants

another opportunity to recall previously learned words, while using a semantic strategy to guide recall.

(3) Retention

For ease of comparison, all raw scores were converted to Z scores for the calculation of retention

scores. Z scores were calculated in SPSS using the following formula (x = raw score, M = mean raw

score for sample and s.d. = standard deviation): Z = x - M/s.d.

A Z score of+ 1 means that the score is 1 standard deviation above the mean, whereas a z score of-1

means that the score is 1 standard deviation below the mean.

(a) List B Immediate Recall trial - List A Recall Trial 1 (z scores)

168



A low standardised (z) score on this trial may reflect high proactive interference, where the previous

learning of list A has had a detrimental effect on the ability to leam new list B. All raw scores were

converted to z scores before List A trial 1 was subtracted from List B trial 1.

(b) Short-Delay Free Recall Retention score (z scores)

This savings score assesses the extent to which recall on List A trial 5 is equivalent to recall on the

short-delay free recall trial. A poor retention score (z score of-1 or below) would suggest retroactive

interference due to the List B interference trial, such that attempts to leam the new list B will

detrimentally effect subsequent recall of List A. All raw scores were converted to z scores before List

A trial 5 was subtracted from short-delay free recall trial

(c) Long-Delay Free Recall Retention score (z scores)

This provides a measure of the forgetting rate between short and long delayed recall, and will reflect

the extent to which recall after a short delay is equivalent to that after a longer delay. Where a

participant shows improved performance from the short to long task, it could be interpreted as their

benefiting from the provision of a semantic structure with which to organise the list. All raw scores

were converted to z scores before the short-delay free recall trial was subtracted from the long-delay

free recall trial. In order to avoid the confounding effect of retroactive interference from List B,

forgetting rate between trial 5 and long delay free recall was also measured (Sitskoom et al 2004b).

Again, all raw scores were converted to z scores before the recall on trial 5 was subtracted from the

long-delay free recall trial.

(4) Recognition

(a) Recognition Hits

Following the question 'I'm going to read you a list of shopping items. After each item, say 'yes' if

the item was from the Monday list [list A] and say 'no' if it was not', the number of words the

participant considers as having been part of List A, equals the number of recognition hits.

(b) Recognition Misses
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Correspondingly, this is a measure of the number of 'no' responses given.

(c) False Positives

All 'yes', recognition responses, which are wrong, are classed as false positives. This is often a

reflection of impaired source memory, a tendency for confabulation, or a predilection for 'yes'

responding.

(e) Discriminability

This provides an overall assessment of general recognition performance and was calculated in SPSS

using the following formula: (1- false positives + misses/44) X 100.

(f) Response Bias

A high score for 'yes' response bias indicates a possible tendency for confabulation (z > +1), whereas

a 'no' response bias could be reflective of lack of effort or confidence in responses (z < -1). This was

calculated in SPSS using the following formula: false positives-misses/false positives + misses.

(5) Learning Strategies (Trials 1-5)

(a) Chance Adjusted Semantic Clustering (observed - expected semantic clustering):

This reflects the extent of semantic strategy being used to encode and then recall the word list.

Chance adjusted scores take into consideration both the observed level of clustering (number of words

recalled correctly immediately after a word that is part of the same semantic category e.g. jumper-

vest) and the expected level of semantic clustering (the number of words correctly recalled on a trial

minus 1 divided by the number of trials). Chance-adjusted scores were calculated by subtracting the

expected from the observed cluster scores and dividing by T (the number of trials on which at least 2

or more answers were correct).

(b) Chance Adjusted Serial Clustering (observed - expected serial clustering):

This reflects the number of words correctly recalled immediately after a word, which occurs in the

same order on the list read previously, in either a backwards or forwards sequential manner. Chance
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adjusted scoring was calculated in the same way as described above for both forwards and backwards

serial clustering.

4.1.3.2 Rey-Osterreith Complex Figure Test

This is a standard test of visuo-spatial ability and memory. The measures employed in this assessment

are as follows:

Figure 4.1: Rey Complex Figure

(1) Copy trial score & Copy trial time

Participants are given a complex figure drawing and asked to copy exactly what they see with the

pencil and paper provided (see Appendix 3: figure 3A). The copy trial time is based on the time taken

to complete a copy of the figure, while copy trial score is based on the accuracy of the drawing and

placing of the separate elements of the figure.

(2) Immediate recall score (raw scores)

Copying is followed by a short delay time of 3 minutes, after which time the participant is asked to

sketch the complex figure once again, this time without the aid of the drawing initially provided. This

score is based on the accuracy of the drawing and the placing of the separate elements of the figure.
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(3) Delayed recall score (raw scores)

Delayed sketching of the figure is requested thirty minutes after initial administration. The

recognition trial is a measure of recognition memory for the elements of the picture and the ability to

use cues for the retrieval of figure information.

(4) Recognition (raw scores)

Immediately after the delayed recall trial, participants are presented with 12 of the 18 scoring elements

of the figure design, along with 12 designs used as foils. True positive and false positive responses for

recognition are totalled. The score for true negatives is equal to twelve minus the false positives and

the score for false negatives is equal to twelve minus the true positives. Total correct recognition is

based on the number of true positives plus the number of true negatives.

4.1.4 Statistical Analysis

All data was analysed using the Statistical Package for the Social Sciences (SPSS, version 11).

Normality of distributions was assessed using the Kolmogorov-Smirnov test, and homogeneity of

variance using the Levene's test (see Appendix 3: Tables 3A 3B)

Due to the difference in aspects of memory measured by the CVLT, it was decided not to use a

MANOVA to compare group means. Between-group differences were therefore investigated for all

measures of the CVLT and RCFT using one-way ANOVAs, entering participant group as the

between-subject factor with three levels (C, HR-, HR+) and the individual measures of aspects of

memory described above as the within-subject factors. Where measures were not normally

distributed, the non-parametric Kruskal-Wallis test was also used. Bonferroni corrections were

applied. In applying a Bonferroni correction to each test section of the CVLT, the critical value of p

became <0.01 for recall, <0.02 for retention and <0.025 for organisation. For RCFT the critical value

of p became <0.01. Given the trend for a significant difference between groups on NART IQ, it was

decided to re-run this series of analyses entering NART IQ as a covariate. Planned Helmert contrast

(i.e. see previous sections in this chapter for description) also allowed for further comparisons
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between groups, where the between-group effect was significant, thus addressing our apriori

hypotheses (as outlined in Chapter 1).

4.2 Results Investigation 4

4.2.1 CVLT results

Levene's test of homogeneity of variance showed homogeneity of variance for all groups on all

measures. The Kolmogorov-Smimov test showed a number of measures in some groups to not be

normally distributed (see Appendix 3: Table 3C). Means, standard deviations, medians, quartile splits

and results of univariate analyses are presented in Appendix 3: Table 3B. Results of the ANOVAs

showed a significant main effect of group for one measure of retention- long delay free recall minus

short delay free recall (i.e. F (2j86)= 4.4, p = 0.01), while List A long delay free recall minus trial 5

recall did not quite achieve significance (i.e. F (2,86) = 2.5, p = 0.08). There were also trends for

significant main effects of group on three measures of recall- List B immediate recall (i.e. F (2> 86)= 4.3,

p = 0.02), List A long delay cued recall (i.e. F (2> 86)= 3.2, p = 0.05) and List B trial 1 minus List A trial

1 (i.e. F (2j 86) = 3.6, p = 0.03). Planned contrasts showed controls to recall more words than the FIR

group following List B (i.e. est. diff = 1.5 (0.5), p<0.05), long delay cued recall (i.e. est. diff= 1.3 (s.e.

= 0.5), p<0.02) and for list B relative to list A (i.e. est. diff = 0.6 (s.e. =0.2), p<0.01). Controls also

retained more words than HR between the short and long delay recall tasks (i.e. est. diff = 0.4 (s.e. =

0.1), p<0.005). There were no significant main effects of group for measures of organisation on the

CVLT. However, total observed and chance adjusted semantic clustering was non-significantly less

in the HR group relative to controls (i.e. F (2> 86)= 2.1, p = 0.1; F (2> 86) = 1 -6, p = 0.2), while combined

total chance adjusted serial clustering was non-significantly greater in the HR group relative to

controls (i.e. F p,86)= 0-3, p = 0.7) (see figures 4.2- 4.5).

Kruskal-Wallis tests were conducted on those measures, which were not normally distributed at all

levels of the independent variable. There was no significant between group difference after

bonferroni correction on List A long delay free recall minus trial 5 recall (i.e. %2(2)= 5-8, p = 0.05).
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Given the main effect of group for list B minus list A recall, and long delay minus short delay free

recall, we further investigated the difference in recall between these trials within groups using paired

t-tests (2 tailed). High-risk participants without and with psychotic symptoms showed no significant

difference between the numbers of words recalled on list B relative to list A (i.e. t = 0.35 (d.f. = 38), p

= 0.70; i.e. t = 1.4 (26), p = 0.17). However, controls showed a significantly greater recall for list B

than list A word (i.e. t = 2.5 (d.f. = 22), p = 0.02). Similarly, high-risk participants with and without

symptoms showed no significant difference between recall following the short relative to the long

delay (i.e. t = 0.66 (d.f. = 25), p = 0.5; i.e. t = 0.9 (d.f. = 38), p = 0.35). Controls however freely

recalled significantly more words after a long than a short delay (i.e. t = -4.11 (d.f. = 22), p < 0.001).
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Figure 4.2: Boxplots of group median scores after short and long delay free recall (midline

represents median, whiskers represent range, box ends represent interquartile range and

circles represent individual case outliers)

|long delay recall

|Short delay recall

Groups

After controlling for NARTIQ, the main effect for list B immediate recall became non-significant (i.e.

F(2,86)= 3.1, p = 0.05), as did the recall of list A minus list B (i.e. F(2, 86)= 2.7, p = 0.07), long delay

cued recall (i.e. F(2i86) = 1.8, p = 0.2) and long delay minus short delay free recall (i.e. F(2,86) = 3.4, p =

0.04).
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Figure 4.3: Observed semantic clustering across five trials of the CVLT in HR+. HR- and C

Figure 4.4: Observed serial clustering forwards across five trials of the CVLT in FIR+, HR-

and C
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Figure 4.5: Observed serial clustering backwards across five trials of the CVLT in HR+, HR-

and C
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4.2.2 RCFT results

Levene's test of homogeneity of variance showed homogeneity of variance for all groups on all

measures. The Kolmogorov-Smirnov test showed a number of measures in some groups, which were

not normally distributed (see Appendix 3: Table 3A & 3B). Means, standard deviations, medians,

quartile splits and results of univariate analyses are presented in Appendix 3: Table 3D. Results of the

ANOVAs showed that on the RCFT there was a significant main effect of group for correct

recognition only (i.e. F (2, 95) = 5.2, p = 0.007) (see figure 4.6). Contrasts showed greater correct

recognition in controls relative to the high-risk group (i.e. t = 3.1 (d.f. = 93), p = 0.002). There were

no other significant main effects of group for this test. Analysis of the individual aspects of

recognition response showed a significant main effect of group for true positives (and therefore also

false negatives) (i.e. F (2> 95) = 5.4, p = 0.006). Controls made more true positive (and therefore less

false negative) responses than the high-risk group (i.e. est.diff = 1.1 l(s.e. = 0.38), p<0.005) while FIR-

showed a trend for significantly greater true positive responses than FIR+ (i.e. est.diff =0.69 (s.e. =

0.38) p=0.071). Kruskal-Wallis non-parametric tests showed significant differences between groups

on the same measures as shown using the parametric ANOVA (See Appendix 3: Table 3D).

Figure 4.6: Rey-Osterrieth Complex Figure Test correct recognition means and standard

errors in the HR+, HR- and C

Exp. Groups & contr
■ c

jiHR-
I HR+

Error Bars show Mean +/- 2.0 S

Bars show Means
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Chapter5: Discussion of investigation 4

5.1 CVLT

Our results overall show a poorer performance of the high-risk group relative to controls on aspects

the CVLT. This difference was nearly significant for three measures of recall, namely immediate

recall of List B, delayed cued recall of List A, and immediate recall of list B minus list A. There was

also a significant group effect on one measure of retention, long delay free recall minus short delay

free recall.

Both list A and list B immediate recall trials are measures of short-term retention and auditory

attention. Controls showed a trend for a significantly greater recall of list B, compared to the high-

risk group. However, high-risk participants showed no significant within group difference between

the recall of list B and recall of list A, suggesting that impaired auditory attention was not responsible

for the recall deficit on list B relative to the control group. Indeed, given that list B presentation

follows the five recall trials of list A, it is likely due to the interference of previously learned list A

material. Pro-active interference on this trial is not unexpected and is considered a normal

phenomenon. However, the significant difference between groups on the number of words recalled on

list B minus list A, suggests that controls exhibit less susceptibility to pro-active interference than do

the high-risk participants. In fact, a paired t-test shows a significantly superior recall on list B relative

to list A in the control participants, possibly due to familiarity with the test format and awareness of

the implicit semantic cues available. This further suggests that the main effect of group on recall of

list B and list B minus list A exaggerates the extent of susceptibility to proactive interference in the

high-risk group, due to the significantly better performance of the controls on list B recall relative to

list A.

The retention of words between short and long delay free recall trials was greater in controls than in

the high-risk group. However, this is not evidence of a storage deficit, because all groups recalled

more words after a long delay than after a short delay. This implies that information was not lost over

the extended delay period, and may in fact have been reinforced following the intervening short delay

cued recall task. Paired t-tests showed controls to remember significantly more after the long delay
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than previously after the short delay, whereas there was no significant increase in the number of words

remembered by the high-risk participants. We can infer that, given that the high-risk group's recall

was not significantly worse than the controls at the short delay recall trial or at the long delay recall

trial, this measure reflects the additional learning occurring between these two trials.

The control group's greater delayed cued recall (the trial which followed delayed free recall) relative

to the high-risk participants is therefore not surprising, despite being no differences on the measure of

free recall after a delay. Indeed, while all groups appeared to improve scores between free and cued

recall, this finding suggests controls derived greater benefit from the presence of semantic cues than

the high-risk participants. This is likely attributable to the controls increased awareness of this facility

at the short delay cued recall trial, but may also be due to their non-significantly greater usage of

semantic cues than the high-risk participants during the encoding of list A. Nonetheless, despite the

implication that encoding organisation may be impaired, and the pattern of means showing more

semantic clustering in the controls relative to the high-risk group, these differences in clustering were

not significant.

Previous studies of the CVLT in schizophrenic patients have revealed a slightly different pattern of

performance when compared with a control group. Paulsen et al (1995) and Van Oostrum et al (2003)

reported a significantly poorer recall and recognition in schizophrenic patients when compared to

controls, suggestive of an encoding deficit. However, Paulsen et al (1995) also noted a

disproportionate improvement on recognition discrimination relative to long delay free recall in

schizophrenia patients, additionally indicative of a retrieval deficit. Their discriminant function

analysis also revealed diversity in aspects of function affected on the CVLT, within the patient group.

50% exhibited similar deficits to those in Huntington's disease patients, or so-called 'sub-cortical'

memory profiles (verbal learning over 5 trials), 15% were categorised as cortical profile patients, with

similar encoding and storage deficits as those apparent in Alzheimer's disease and the remaining 35%

evinced normal memory profiles (Paulsen et al 1995). Nathaniel James et al (1996) showed poorer

learning over five trials, but equivalent levels of retention between short and long delay free recall in

schizophrenia patients relative to controls. Interestingly, impairments on aspects of executive function
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correlated significantly with CVLT performance, suggesting that frontal deficits may be more

prevalent and/or exert more of an influence over verbal learning than medial-temporal lobe deficits.

Heinrichs et al (1994) showed impairments on trial 1 recall and recognition discriminability only, in a

comparison of schizophrenic, personality disorder and Korsakoff patients (KorsakofFs reputedly

involving structural abnormalities in the basal forebrain, mammillary bodies and medial thalamus).

Schizophrenic patients showed no difference in performance from the personality disorder patients

and were generally superior in performance to the Korsakoff patients (Heinrichs 1994; Nathaniel-

James et al 1996). Finally, Van Oostrum et al (2003) and Kareken et al (1996) both showed less

semantic and greater serial clustering in patients relative to controls, while Hill (2003) showed a slight

improvement in patient performance when made aware of semantic cues. This suggests cues are used,

but less effectively than in controls. Reduced susceptibility to proactive interference in the

schizophrenic group could be attributed to poor semantic clustering, although Kareken et al (1996)

found no correlation between the two. These findings suggest that medial-temporal lobe function (i.e.

hippocampal function) is relatively preserved in relatives of schizophrenic patients, while the general

encoding and retrieval deficits could be attributed to impaired frontal function. Alternatively, given

the evidence for volumetric abnormalities in both the frontal and medial-temporal lobes in

schizophrenic patients and to a lesser extent in their relatives, perhaps hippocampal abnormalities are

not severe enough to confer an extreme dysfunction on tests of declarative memory. A third

possibility is that patients with severe medial-temporal lobe deficits represent a sub-group of

schizophrenics (Heinrichs 1994).

5.2 RCFT

While recognition was unimpaired on the CVLT, this was the only aspect of the RCFT that

significantly discriminated between the high-risk and control groups. Interestingly, this was

predominantly attributable to the greater level of true positive responses in the controls relative to the

high-risk participants. Difficulties in correctly identifying previously presented items from among

similar competing alternatives may arise because of poor discrimination between items presented.

Moreover, given that recall was unimpaired and only features of the complex figure were re-presented

at recognition, deficits may be due to ineffective memory for the component aspects of the visual
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event rather than poor recall of the visual figure as a whole. Perhaps tentatively related to this finding,

is the previous result of better performance on a Block Design task in high-risk participants with two

or more 1st degree relatives. It is possible that successful replication of a design using component

blocks could be achieved with a 'gestalt' perspective, that is by viewing the design as a whole rather

than as individual facets of a picture. Non-verbal memory has been less extensively studied in

schizophrenia than verbal memory, and has often been shown to be less impaired. Holtahusen et al

(2003) showed worse performance on the CVLT than RCFT in schizophrenic patients. However,

Tracy et al (2001) showed both recognition and retrieval deficits in non-verbal learning, but only

retrieval deficits in CVLT, suggesting an equivalent, if not worse impairment in the former test. In

such instances, without matching for task difficulty, the true differences in performances between tests

cannot be measured.

5.3 Limitations

This analysis was designed to allow for a more in depth investigation of the nature of verbal and non¬

verbal memory processing in those participants who underwent at least one functional MRI scan.

Bearing in mind the reflections on differential deficits in chapter 1, it is appreciated that no

conclusions can presently be drawn about material specific domain deficits, because these tasks have

not been matched for difficulty. Similarly, while normative scores are available for both tests (Delis

et al 2000; Lezak et al 1995), these scores have not been included in this investigation. An interesting

additional investigation might therefore involve the direct comparison of performance on both tests

using available normative score conversions. Similarly, without the in vivo imaging of participants

during the tasks, we cannot be sure whether performance on these tests is reflective of the same

underlying neural substrates. Furthermore, the participants included in this investigation were selected

based on their additional inclusion in investigation 5, the functional MRI study of verbal encoding and

retrieval. Perhaps given larger numbers in this investigation, differences that are more robust might

have emerged on our measures of verbal and non-verbal memory.
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5.4 Conclusions

Our results suggest subtle deficits in verbal recall, partly due to proactive interference and partly

attributable to lower levels of semantic encoding in the high-risk relative to control group. This also

suggests a less effective usage of cues at both encoding and retrieval. Visual memory recall appears

relatively intact. However, compared to controls, the high-risk participants' inferior recognition of the

complex figure features previously presented implies that feature level aspects of the visual learning

event were poorly encoded. Both tests may reflect difficulties in the 'bottom-up' processing stage of

memory, perhaps during the accessing of stored representations of visual and semantic information.

Although unlikely a reflection of medial temporal dysfunction specifically, less effective executive

control during encoding and retrieval, may indicate frontal dysfunction in this group.
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Chapter 6: Literature review- Structural and functional neuroimaging in

schizophrenia

6.1 Structural imaging in schizophrenia

As discussed in chapter 1, Kraepelin's understanding of schizophrenia was perhaps limited by the

diverse prognosis of his patients and the lack of anatomical evidence to indicate an organic basis.

However, in spite of this, Kraepelin believed schizophrenia to be a pathological brain disorder

(Johnstone 1999). The advancement of neuroimaging techniques has enabled the in vivo three-

dimensional visualisation and measurement of the anatomical structures of the brain during life and

has greatly informed our understanding of aberrant brain structure and function in schizophrenia.

Appendix 4: Tables 4A and B list studies of structural integrity in biological relatives, and functional

neuroimaging of memory and language function in schizophrenia, respectively.

Computerised Tomography (CT) was the earliest technique applied, using the detection of attenuated

x-rays transmitted through the body to distinguish between cerebro-spinal fluid, brain tissue, and the

skull. More recently, Magnetic Resonance Imaging (MRI) was introduced, and utilises the detection

of a signal derived from the application of a radio frequency pulse, which disrupts the magnetic field

alignment of the hydrogen atoms in the water of the body. MRI is superior in resolution to CT and

can distinguish between grey and white matter in the brain, as well as permitting the imaging of

midline and sub cortical structures such as the corpus callosum, thalamus and caudate, which are

considered important structures in schizophrenia (Sharma and Chitnis 2000).

Attempts to unravel the aetiology of structural and functional brain deficits in schizophrenia have been

embraced by two theories of abnormal brain development in schizophrenia, -the neurodevelopmental,

and the neurodegenerative. Weinberger's neurodevelopmental theory postulates that schizophrenia is

a result of a brain lesion or maturational defect early in life (i.e. early lesion hypothesis), manifesting

itself when it interacts with normal biological and behavioural events (and the general environmental

stresses of life). Evidence in support of this includes higher incidence of obstetric complications, soft

neurological signs and minor physical abnormalities in patients with schizophrenia and their relatives

(Niemi et al 2003). Further sources of support for the neurodevelopmental hypothesis arise from the
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structural imaging of brain regions vulnerable to peri-natal insult and linked to increased genetic risk

for the disorder. Other neurodevelopmental theorists (i.e. Feinberg 1982) have suggested normal

childhood development, followed by a late brain insult such as aberrant synaptic pruning coinciding

with the onset ofpsychotic symptoms (i.e. late lesion hypothesis). Volumetric deficits in first episode

patients and in individuals at high-risk for psychosis, imply that structural aberrations may indeed

predate the onset ofpsychosis.

6.1.1 Structural deficits in schizophrenic patients and their relatives

Two meta-analyses have reported whole brain reductions in schizophrenic patients relative to controls

(Lawrie and Abukmiel 1998; Wright et al 2000). Although significantly greater whole brain volumes

have been shown in unaffected siblings of schizophrenic patients compared to their schizophrenic

relatives (Steel et al 2002), smaller whole brain volumes relative to controls have also been reported

(Keshavan et al 1997; Lawrie 1999), while others show no differences (Seidman et al 2003). Whole

brain volume is also reported as positively correlated with cognitive function, but is more likely

associated with general intellectual than specific cognitive ability (Antonova et al 2004)

Johnstone et al (1976) were the first to provide evidence for cerebro ventricular enlargement in the

brains of schizophrenic patients from the CT scans of elderly patients. This implied a reduction in

brain tissue volume associated with schizophrenia and has since been described across several studies

using structural MRI (Chua and McKenna 1995). Chua and McKenna (1995) assert that lateral

ventricular enlargement remains the most reliable structural aberration in schizophrenia, and this

assertion is supported by evidence from meta-analyses (Lawrie and Abukmiel 1998; Wright et al

2000). Ventricular abnormalities which are less severe than those apparent in schizophrenia, but

greater than in controls, have also been reported in unaffected relatives of patients (Cannon and Marco

1994; Cannon et al 1993; Cannon et al 1998; Keshavan et al 1997; McDonald et al 2002). The

relationship between cognitive function and ventricular aberrations in both schizophrenics and in

controls is unclear, with larger left ventricles in females and smaller left ventricles in males,

associated with better overall cognitive function (Antonova et al 2004).
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Bilateral frontal lobe volume reductions have been demonstrated, though less consistently, in

schizophrenic patients relative to controls. Reductions are attributed to gray matter rather than white

matter loss, and are potentially larger in the right than left hemisphere (Wright et al 2000) (Lawrie and

Abukmiel 1998). However, the complex structure of the frontal lobes, and the functional

heterogeneity of its sub-regions may have obfuscated consistent findings of volume differences

between groups (Szesko et al 1999). In unaffected relatives of schizophrenics, Lawrie et al (2001)

showed a non-significant reduction in frontal brain volume relative to controls (Lawrie et al 2001).

Antonova (2004) summarises that total frontal lobe volume is related to executive function (e.g.

contextual organisation), verbal fluency, working memory, and immediate memory in schizophrenia.

Several meta-analyses also report bilateral temporal lobe volume reductions in schizophrenic patients

relative to controls (although slightly greater reductions on the right), attributed in part to limbic

structure abnormalities (i.e. smaller hippocampus, parahippocampus and amygdala) (Chua and

McKenna 1995; Lawrie and Abukmiel 1998; Nelson et al 1998; Wright et al 2000). Bilateral

temporal lobe deficits and limbic lobe abnormalities are also apparent in unaffected adult relatives of

schizophrenia patients compared to controls (see table 3.1)(Harris et al 2002; Lawrie et al 2002b;

O'Driscoll et al 2001; Rajarethinam et al 2004; Seidman et al 1999; Staal et al 1998; Tepest et al 2003;

Toulopoulou et al 2004; Van Erp et al 2002), and in unaffected adolescent relatives of patients with

schizophrenia relative to controls (Keshavan et al 1997; Lawrie 1999; Schreiber et al 1999). Seidman

et al (2002) indicated that reduced left hippocampal volume might be a potential vulnerability

indicator for schizophrenia in individuals at genetic risk for development of the disorder (Seidman et

al 2002a). Moreover, the same authors have additionally shown significantly smaller right anterior

parahippocampal gyrus volumes (and a trend for the left) in unaffected relatives from multiplex, but

not simplex families and schizophrenic patients, compared to controls, while unaffected relatives from

simplex families showed greater posterior parahippocampal gyrus volumes relative to controls. While

the implications of the latter result are unclear, the former may support the multifactorial genetic

model of schizophrenia, such that increased structural deficits are consistent with increased genetic

loading for the disorder. However, this does not rule out the possibility of other factors impacting on

structural integrity in multiply affected families (i.e. pregnancy and birth complications).
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Verbal memory deficits have been associated with amygdala-hippocampal volume reductions in

schizophrenia (Goldberg et al 1994; Gur et al 2000; Weiss et al 2004a) and in unaffected relatives of

schizophrenics, beyond the age of maximum risk for the disorder (O'Driscoll et al 2001; Seidman et al

2003; Toulopoulou et al 2004). However, several studies have equally failed to find any relationship

between immediate or delayed memory and hippocampal volume in schizophrenia (Colombo et al

1993; Torres et al 1997). Parahippocampal gyrus (PHG) volume has also been positively correlated

with verbal IQ in first episode and chronic schizophrenia patients (Dehsi et al 1991 as cited in

Antonova 2004), although this is not a consistent finding across studies (Seidman et al 2003).

Bilateral enlargements of the putamen, globus pallidus (lenticular nuclei) and the left caudate (with

reduction in the right) have also been reported in schizophrenics (Wright et al 2000) and relatives of

schizophrenics (Lawrie et al 2001). However, the smaller lenticular nuclei in high-risk participants

lends support to the view that enlargement in this area in patients may be attributable to medication

effects (Gur et al 1998; Lawrie et al 2001). Indeed, clozapine induced reductions in putamen and

caudate volume have been shown in schizophrenic patients switched from typical anti-psychotics, and

attributed to the higher D2 receptor antagonism in typical anti-psychotic medication compared to

clozapine (Corson et al 1999)(Frazier et all996 as cited (Niznikiewicz et al 2003)).

Finally, MRI studies of cerebellar volume in schizophrenia have shown mixed results, with some

reporting no total volumetric differences between patients and controls (Nopoulos et al 1999; Staal et

al 2000b), enlarged cerebellar vermis in patients relative to controls (Levitt et al 1999), or smaller total

cerebellar tissue volume in patients who had at least 1 of 6 cerebellar signs (e.g. intention tremor,

heel-knee-shin test, flaccid muscle tone, tandem gait test) relative to those without any cerebellar signs

(Ho et al 2003). This suggests that cerebellar volume differences may vary within patient sub-groups.

Only one study, using whole brain voxel based morphometry, demonstrated reduced cerebellar

volume in unaffected relatives of patients compared to controls (Marcelis et al 2003). In Beng-Choon

Ho (2004) patients with cerebellar signs showed more severe cognitive deficits, poorer premorbid

function and worse negative symptoms than those without (Ho et al 2004), while Levitt et al (1999)
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showed cerebellar white matter volume to be correlated with severity of positive symptoms and

impaired performance in verbal prose recall (Levitt et al 1999). Toulopoulou et al (2004) recently

showed positive correlations between delayed visual memory (WMS Visual Reproductions) and

cerebellar volume in unaffected adult relatives of schizophrenia patients, who had performed

significantly worse than controls on measures of memory, although there were no volume differences

between groups. In addition, cerebellar volume in the study's combined sample was significantly

positively correlated with delayed verbal recall (WMS Logical Stories) (Toulopoulou et al 2004).

This would support more contemporary evidence for a link between higher cognitive functions, in

particular memory, and the function of the cerebellum (Cabeza et al 2002). Indeed, Desmond (2001),

proposed a superior cerebellar circuitry linked to the frontal lobes for articulatory control and an

inferior cerebellar circuitry projecting to the temporo-parietal lobes for the phonological store, in

verbal working memory processes (Desmond 2001).

Existing evidence for neuropsychological deficits in unaffected children at genetic risk for

schizophrenia (Asarnow et al 2002; Kremen et al 1994), and unaffected high-risk children who later

develop the illness (Erlenmeyer-Kimling et al 2000), is therefore complemented by the presence of

structural abnormalities in unaffected relatives, which are milder than but consistent with those

apparent in schizophrenia patients. This further suggests that structural and cognitive deficits may

predate the illness, be present from an early stage in development, and are at least partly genetic in

origin (Lawrie 1999). However, given that not all relatives develop schizophrenia, and deficits appear

to be worse in those with the illness, the lesion itself may not be sufficient to induce the development

of the disorder. It may therefore be a combination of genetic and non-genetic factors which lead to

illness (Weinberger 1995). Indeed, Cannon et al (2002) showed foetal hypoxia to predict reduced

cortical and sub-cortical grey matter, specifically in the temporal lobes, of schizophrenia patients and

their relatives (Cannon et al 2002). Both lines of evidence provide support for a neurodevelopmental

model of schizophrenia i.e. abnormal brain structure development. However, additional evidence for

or against the course of these deficits after illness onset is crucial in order to elucidate the stability of

brain pathology in schizophrenia.
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6.1.2 Cross sectional and longitudinal studies of structural deficits in schizophrenics

and people at high-risk of psychosis

Cross sectional studies show structural volume differences across patient age groups in gray matter

and frontal lobe volume (Hulshoff Pol et al 2002) (Convit et al 2002 as cited in (Niznikiewicz et al

2003)), between first episode and chronic patients, and first episode patients and controls bilaterally in

the hippocampus (Velakoulis et al 1999), between first episode patients and unaffected relatives in the

amygdala-hippocampus (Lawrie 1999), and between ultra high-risk participants who had and had not

developed psychosis. Copolov et al (2000) reported smaller bilateral hippocampal volumes in first-

episode schizophrenic patients medicated for a maximum of 6 weeks, relative to participants at high-

risk of developing psychosis (i.e. first degree relatives ofpatients, individuals with frequent attenuated

psychotic symptoms or individuals with transient psychotic symptoms). However, the preliminary

analysis reported volumes in high-risk subjects to be similar to those in a control group. The authors

suggest this may implicate a time period very close to psychosis onset during which hippocampal

volume reduction is accelerated (Copolov et al 2000). Lawrie et al (1999) demonstrated slightly

smaller amygdala-hippocampal complex volumes in high-risk participants (1st and 2nd degree relatives

of schizophrenics) relative to controls (Lawrie 1999). These two studies may differ due to the nature

of the respective high-risk groups, and brain structure aberration may be more trait than state related.

Pantelis et al (2003) compared structural MRI scans between ultra high-risk participants (i.e. a mixture

of 1st degree relatives of people with psychotic disorder and individuals with transient and attenuated

psychotic symptoms) who had and had not developed psychosis within 12 months of a baseline scan.

Those with psychosis showed smaller volumes in the right medial temporal lobe, right lateral and

superior temporal lobe, right inferior frontal gyrus, insula, basal ganglia and cingulate gyrus (Pantelis

et al 2003).

Previous longitudinal studies of brain pathology in schizophrenia have suggested that abnormalities

are not neurodegenerative and evidence from post mortem studies has revealed an absence of gliosis

(a feature which normally accompanies neurodegeneration) (Jaskiw et al 1994). However, these

findings have been contradicted by more recent fMRI studies, which suggest widespread volume

changes in both first episode and previously treated schizophrenic patients. (Cahn et al 2002; DeLisi
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et al 1997; Gur et al 1998; Ho et al 2003; Kasai et al 2003; Mathalon et al 2001; Wood et al 2001).

Longitudinal changes measured just prior to the onset of schizophrenia have also been reported.

Pantelis et al (2003) compared longitudinal structural MRI scans over 1 year between 11 ultra high-

risk participants who subsequently developed psychosis (within 2 years) and 10 who did not. The 10

individuals who had developed psychosis had grey matter increases in the cuneus, but grey matter

reductions bilaterally in the cingulate gyrus, the left parahippocampal gyrus, left fusiform gyrus, left

orbitoffontal cortex and left cerebellum, relative to the 11 who did not develop psychosis. Of the

latter group, a reduction in left cerebellar volume was also apparent over time. Although the latter

study's findings are important, and the first of their kind, the small sample size at follow up suggests

they should be considered carefully until additional and more robust evidence is provided in support.

The possibility of structural changes occurring during the course of the illness further implies that

these are not static aberrations. The neurodegenerative model suggests in fact that brain pathology is

progressive with the course of the illness and would explain the increasing evidence for differences in

severity of brain deficits in chronic and first episode schizophrenia patients. Currently however, it is

accepted that these two apparently divergent hypotheses may both in fact be relevant to the increasing

literature reporting diverse structural and functional abnormalities in schizophrenia patients (both first

episode and chronic) and in unaffected relatives of schizophrenics. Furthermore, the diversity of

implicated brain areas and their correlations with impairments in several cognitive domains,

specifically memory, executive and intellectual function, suggests a more complex relationship

between structure and function than functional localisation would permit.

6.2 Introduction to functional neuroimaging of memory in schizophrenia

The literature suggests impairments in memory, executive and intellectual ability in schizophrenia

patients, and their relatives, with coincident deficits in brain regions such as the frontal and temporal

lobes, which are correlated with these aspects of function. The exact nature of the impairment is

however unclear. While the diversity of affected cognition implies a global impairment, the prevalent

and often superficially more severe deficits in verbal memory suggests that these tasks place greater

demands on function or that there is a differential deficit in general memory processing. Functional
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neuroimaging ofmemory in schizophrenics and their relatives allows for a more direct examination of

the collective brain regions and networks which may be functionally defective and impinge upon

aspects of function such as verbal memory.

Brain energy is derived mainly from the oxidation of glucose. Blood flow in the brain may be locally

increased in order to meet demands for oxygen and glucose supply for action potentials or neuronal

inhibition, and is therefore taken as an indication of increased synaptic energy utilisation to drive

neuronal response. However, the specific relationship between the haemodynamic response and

neuronal activity is not yet clear, and it is appreciated that the relationship between the two may be far

more complex than is currently understood (Jezzard and Clare 2001). Nonetheless, functional

neuroimaging utilises the relationship between brain blood flow and neuronal activation, in order to

correlate localised brain activations with aspects of cognitive function.

In vivo structural neuroimaging is complemented by functional imaging techniques such as single

photon emission tomography (SPECT), positron emission tomography (PET) and functional magnetic

resonance imaging (fMRI), which enable the visualisation of the brain' s neuronal response to

cognitive engagement. SPECT uses the detection of radionuclide tracers introduced to the blood,

which emit single gamma-ray photons. These photons interact with a sodium crystal to produce a

detectable signal. PET similarly uses a radionuclide exogenous tracer (e.g. H2015 for regional cerebral

blood flow and F18 fluoro-deoxy-glucose for regional cerebral glucose metabolism), which is injected

into the blood stream to diffuse across the blood brain barrier, accumulate, and circulate within the

tissue. The decay of the tracer results in the emission of positrons, which interact with electrons

producing two separate gamma rays, the detection of which gives rise to a measurable signal. By far

the most sensitive technique of the three is fMRI, which provides greater temporal (i.e. one image per

second) and spatial resolution (i.e. 1-2 mm), although temporal resolution is lost in BOLD fMRI due

to the time it takes for oxygenated blood to accumulate (Seminowicz, 2001-http://www.uoguelph.ca/,

accessed 18/07/01). Unlike PET and SPECT, blood oxygen level dependent (BOLD) fMRI uses an

endogenous tracer in the form of the brain's blood response to neuronal activity. BOLD fMRI

depends on the ratio of the diamagnetic oxyhaemoglobin (i.e. which has little magnetic effect on the
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surroundings) to the paramagnetic deoxyhaemoglobin (i.e. which has a significant magnetic effect on

the surroundings). In areas of increased neuronal activity, an increase in local blood flow and volume

results in an increase in oxygen. However, due to a slower uptake of oxygen into the cells, there is an

increase in the diamagnetic oxyhaemoglobin resulting in an increase in the MR signal (T2* value)

(Jezzard and Clare 2001).

Task related functional activations should be considered meaningful within the context of the task

administered, and the psychological process it purports to measure. In order to enable correlation

between neuronal activation and aspects of cognitive processing, functional MRI traditionally

employs the categorical, subtractive, block paradigm design, which enables the examination of levels

of a category in separate blocks of trials in order to evoke a response to a specific cognitive process of

interest. 'Experimental' blocks, designed to evoke the cognitive process of interest, will be flanked by

'control' blocks, which ideally will evoke all cognitive processes except the process of interest. The

contrasting of conditions relies on cognitive subtraction, matching equally and hence holding constant

all other variables in the experiment except for the variable under scrutiny. Any ensuing differences

in brain activity can then be attributed to the process under investigation. Although this conveys the

advantage of a robust response to the cognitive process of interest, in that neural activity is measured

and averaged across a block of trials, it does not allow for discrete event analysis. This means that

participants could be unduly affected by the predictability of trial presentation both during the

experimental blocks and during the following blocks of rest.

In addition to this, cognitive subtraction relies on the theory of 'pure insertion', which posits that a

cognitive process of interest can be added to other cognitive processes without impacting on the

ensuing responses associated with them. Unfortunately, without a measure of the original processes

both with and without the addition of the process of interest, we cannot be sure we have extrapolated

the responses attributed to those processes independently, or whether these responses are mediated by

the existence of the additional process during the experimental task (Aguirre and D'Eposito 2000).

With these issues in mind, a categorical blocked design is advisable only where the effect of interest is

an isolated phenomenon, where it can be separated easily from other cognitive processes, where the
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effect is elicited as only one type of response and where it cannot be manipulated using a parametric

design.

The need for application of the principle of 'pure insertion' is obviated in conjunction, factorial and

parametric designs, which can be used in both event-related and blocked experiments. Conjunction

designs involve the conduction of a number of categorical cognitive subtraction experiments, varying

the additional cognitive processes while maintaining the same cognitive process of interest. This

allows investigation of the process of interest in the presence of different additional cognitive

processes to isolate areas of activation solely associated with the process of interest. Alternatively,

factorial designs explore the interaction between two cognitive processes of interest, with the evoking

of these processes independently, together, and not at all, when substituted with a condition that does

not evoke either process of interest. Finally, parametric designs explore the response associated with

only one parameter and its varying levels ofdifficulty (Aguirre and D'F.posito 2000)

Studies of the functional neuroimaging of verbal memory in schizophrenics, and to a limited extent in

their unaffected families, have been reviewed. Additionally included is a review of functional

neuroimaging of the same processes in healthy volunteers. Given that the neural correlates of verbal

memory in the normal brain are also still under investigation, this was considered crucial to informing

the discussion of neuroimaging of verbal memory in schizophrenia. Moreover, although the primary

focus of this thesis lies in the elucidation of any differences in the neural correlates of memory

processing between relatives of schizophrenics and controls, it is appreciated that the same implicated

areas may also be involved in other aspects of affected cognition in the disorder (i.e. executive

function). Where relevant, studies investigating these processes have also been discussed ( see

Appendix 4: table 4B).

6.2.1 Functional imaging of verbal working memory

Working memory is a limited capacity system enabling the brief maintenance and manipulation of

material. Baddeleys (1992) traditional three component model of working memory comprises a

hypothetical phonological loop for articulatory rehearsal and acoustic and verbal storage, and a visuo-
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spatial sketchpad for the brief maintenance and manipulation of verbal and non-verbal information,

both controlled by a central executive which allocates attentional processes during performance

(Baddeley 1992). Fronto-parietal activations are considered an important part of a brain network sub

serving verbal working memory processing, and the reciprocal connections between the two enable

their parallel activation. The cerebellum has additionally been implicated as an important contributor

to this network, with inferior and superior cerebellar projections to the parietal lobes and prefrontal

cortex (PFC) respectively (Desmond 2001).

6.2.1.1 Functional imaging of verbal working memory in healthy volunteers

6.2.1.1.1 Frontal lobes

Evidence supports the role of the left dorsolateral prefrontal cortex (DLPFC; BA9/46) as the central

executive, controlling attentional processes during rehearsal and storage of material during working

memory performance (Callicott et al 1999; Jonides et al 1998a). Evidence also suggests the DLPFC is

necessary for both manipulation and maintenance processes during working memory tasks, although it

is reported as more active for the former than the latter tasks (Manoach et al 2003). This area is also

commonly bilaterally activated during episodic retrieval tasks, and may therefore be responsible for

the control of transient information, or material generated from a search (Cabeza and Nyberg 2000).

The limited capacity of working memory is reflected in the activation of the DLPFC during working

memory tasks, with an increase in activation analogous to increasing task demands, but a reduction in

activation as capacity is breached. It is possible that this indicates a disengagement from the task due

to limitations in the attentional reserves of the central executive (Callicott et al 1999).

The left inferior frontal cortex (IFC; BA44), or Broca's area, is hypothesised as integral to the

articulatory sub-vocal rehearsal component of the phonological loop (Baddeley 2000; Fiez et al 1996).

Paulesu et al (1993) and Awh et al (1996) used the Sternberg item recognition task to investigate

verbal working memory processes. Participants were briefly presented with sets of 3-9 letters,

followed by a probe, and asked to decide whether or not the probe was one ofthe original set (Fletcher

and Henson 2001). Both studies showed activation in the right cerebellum and left lateralised

activations in the parietal, dorsal premotor and importantly, the left IFC (Fletcher and Henson 2001).
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Paulesu et al (1993) compared the Sternberg memory condition to a control task (i.e. judging the

rhyming of letters with a target letter, thus isolating articulatory processes) in order to investigate

verbal maintenance and rehearsal activations separately. This contrast showed left inferior parietal but

no left IFC activation, suggesting that the latter was responsible for verbal rehearsal, and the former

for verbal maintenance processes (Fletcher and Henson 2001).

6.2.1.1.2 Parietal lobes

The bilateral inferior (IPL) and posterior parietal lobes (PPL) have been consistently implicated in the

phonological storage or buffer component of working memory. Deficits in the phonological loop

have been demonstrated in inferior and posterior parietal lesion patients, while mainly right lateral

posterior parietal (BA40) activation during the storage of verbal material (non-words) in a verbal

working memory task (although left hemisphere activation was present to a lesser degree) has been

shown in healthy volunteers (Honey et al 2000; Jonides et al 1998a). Awh et al (1996) used two

paradigms (i.e. 2-back task using letters and a continuous sub-vocal verbal repetition task) to

manipulate verbal storage and rehearsal respectively. While both PPL and IFC activations were

observed across tasks, when comparing verbal storage to verbal rehearsal, only PPL activations

remained. This suggests PPL activations may be integral to the phonological buffer or storage

component of verbal working memory. Fiez et al (1996) failed to show the same PPL activation

during a PET study of retention during a verbal working memory task (i.e. scanned during the 40

second retention period of five word or non-word items). However, it is thought that their participants

may have used semantic as opposed to phonological coding, because words are likely coded both

semantically and phonologically, whereas non-words are coded only phonologically (Fiez et al 1996).

Jonides et al (1998) also asserted that this loci of activation could be important for attentional

processes in the shifting from the internal representation of one item to another during rehearsal

(Jonides et al 1998a). However, Honey et al (2000) matched stimulus frequency and duration across

the experimental (i.e. n-back task with letters) and control tasks (i.e. viewing letters and pressing a

button on seeing X), so that attentional shifts would not be expected. Bilateral PPL activation was

still evident and positively correlated with response time, thus supporting the involvement of this

region in the phonological storage of verbal material (Honey et al 2000). More recently Logie et al
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(2003) attempted to isolate the encoding strategy employed during a verbal maintenance fMRI study,

by explicitly asking participants to sub-vocally rehearse aurally 5 alphabetically presented letters,

followed by recall and compared this to the sub-vocal rehearsal of several sequences of 5 randomly

presented consonants (Logie et al 2003). Participants showed greater activation in the left IPL

(BA40), left IFC (BA6) and left middle frontal gyrus (BA8) during the random sequence relative to

the alphabetical sequence. Having removed the effects of verbal rehearsal, this suggests that these

specific activations may be associated with verbal storage.

6.2.1.1.3 Cerebellum

Desmond et al (1997) assert that the cerebellum increases rehearsal effectiveness during working

memory, by comparing output from frontal and temporo-parietal regions and based on this, sending

'feed-forward' output to aid in rehearsal processing (Desmond et al 1997). Desmond et al (2001) used

the Sternberg item recognition task with a high and low load condition and compared this with a

rehearsal control task in healthy volunteers. Consistent with their hypothesis, the analysis revealed a

high versus low load memory effect in the superior vermis of the cerebellum, while the right inferior

cerebellum demonstrated a load by task interaction. Several other studies of verbal working memory

also report cerebellar activation along with contralateral activation in the frontal and parietal lobes

(Awh et al 1995; Paulesu et al 1993).

6.2.1.2 Functional imaging of verbal working memory in schizophrenia

6.2.1.2.1 Behavioural performance

The N-back task is a reliable test of working memory function, requiring the monitoring and

maintenance of a sequence of increasing numbers of visually presented stimuli and the updating of

these stimuli as a new one is presented. The n value is often viewed as proportional to the load of

working memory (i.e. n = 2 back requires recall of the stimulus presented 2 trials previously). N-back

has been shown to induce prefrontal activation in healthy controls and for this reason is used

consistently in functional imaging studies of working memory in schizophrenia (Callicott et al 1998).

Several studies have shown behavioural differences between schizophrenic patients and controls with

increasing difficulty on the n-back task (i.e. equivalent on 0 back, but worsening by 2 back) (Callicott
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et al 1998; Menon et al 2001; Wencel et al 2002). In low load n-back tasks, both groups have

performed equivalently, but patients have shown slower response times or more errors relative to

controls (Honey et al 2002; Weinberger et al 1996).

6.2.1.2.2 Frontal lobes

A number of studies have also shown normal DLPFC activation at low levels of n-back, but deficient

activation of the same area (frequently in the right hemisphere) with increasing difficulty on this task,

which is suggestive of patients achieving peak activation in this area before controls (Callicott et al

1998; Jansma et al 2004; Menon et al 2001; Perlstein et al 2001). Stevens et al (1998) showed no

differences between controls and patients in the DLPFC during a word and tone serial position task,

but the authors attributed this to the robust sub-vocal rehearsal component to this task (Stevens et al

1998). Similar deficits have also been demonstrated on visuo-spatial working memory for happy and

sad faces task and a digit recognition task (Manoach et al 2000; Manoach et al 1999; Quintana et al

2003), while increased DLPFC activation in patients has also been inversely correlated with task

performance (Manoach et al 2000; Manoach et al 1999). These findings suggest that the increased

recruitment of the DLPFC in patients reflects greater effort to perform the working memory task

equivalently to controls, albeit often in slower time and with greater errors. However, as load and

hence difficulty increases, DLPFC recruitment declines. This could reflect the exceeding of working

memory capacity. Indeed, matching the performance of patients and controls (i.e. comparing controls

at 3-back to patients at 2-back) has in some instances resulted in a loss of the DLPFC difference

(Jansma et al 2004; Perlstein et al 2001), suggesting that this is a normal response to increasing task

demand. Callicott et al (2003) showed frontal areas of both increased and decreased activation in

schizophrenics with normal n-back performance, whereas poor patient performance was characterised

by frontal decreases alone (Callicott 2003). More recently, Thermenos et al (2004) demonstrated

increased right BA10 and left BA46 activity in schizophrenic patients relative to controls during a 2-

back working memory task, after co-varying for IQ and task accuracy. IFC activation has also been

demonstrated as defective in patients relative to controls during a word serial position task, suggesting

that the articulatory processing aspect of verbal working memory may be deficient in schizophrenia

(Stevens et al 1998; Wexler et al 2000). This is especially interesting given that the same language
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related area is not impaired in patients relative to controls during verbal fluency tasks (Fletcher et al

1996; Frith et al 1995). Therefore, the rehearsal but not the generation of verbal material may result in

reduced activation at this location. However, Wexler et al (2001) demonstrated that this response

impairment was reversible in schizophrenia patients who received training on the Word Serial

Position Task over 10 weeks. This implies that familiarity with a task improves performance and thus

normalises frontal response (Wexler et al 2000). In an analysis of n-back performance in

schizophrenic patients over time, Mendrek et al (2004) showed an over-activation of several regions

including the DLPFC at baseline scanning in the 0-back versus rest contrast compared to controls, but

a reduced activation relative to controls in the 2-back versus 0-back contrast. At the second scanning

session, patients also showed increased response relative to controls in the LDLPFC during 0 back,

but less during the 2-back condition. Moreover, while the difference in activation of regions during 2-

back relative to 0-back was marked, and reflected the response to increased load, patients showed

equivalent activation in both conditions (though still less than controls during 2-back). This pattern

characterises well the hypothesised non-linear inverted U shaped response of the DLPFC. This may

be shifted slightly leftwards in schizophrenics, leading to the breach of capacity limits at an earlier

stage than in healthy controls (Mendrek et al 2004).

6.2.1.2.3 Parietal lobes

Along with deficient DLPFC response with increasing working memory load in patients, evidence

also supports an over activation of the parietal lobes, with increased IPL sulcus response (BA40)

(Callicott et al 2000; Callicott et al 1998; Jansma et al 2004; Thermenos et al 2004a) and greater

bilateral PPL activation correlated positively with response time (Honey et al 2002). This corresponds

with the notion that this area is critical for phonological storage, and increased effort through

enhanced phonological processing may be required in patients as task demands rise. Moreover,

Menon et al (2001) showed deficient DLPFC, IPL and superior parietal activation during the n-back

task in schizophrenics. This implies that both areas are capacity constrained, and the IPL also

deactivates when the working memory load limit is reached (Menon et al 2001). Quintana et al (2003)

also demonstrated greater bilateral PPL activity in schizophrenic patients relative to controls during

the anticipatory condition of a working memory task, which demanded retention and anticipation of
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visuo-spatial cues (i.e. line faces and coloured circles) for successful identification of targets. Given

the additional decreased DLPFC activation in this condition, PPL activation was described as

compensatory to reduced frontal cortex function. The lack of evidence for structural deficits in the

posterior parietal lobes in schizophrenia, suggests that hyper activity may reflect compensation to

frontal lobe deficiencies (Quintana et al 2003).

6.2.1.2.4 Cerebellum

Mendrek et al (2004) showed more persistent abnormalities of function in the left cerebral hemisphere

and right cerebellum, but more transient abnormalities associated with the acute psychotic state in the

right cerebral hemisphere and left cerebellum in schizophrenics (i.e. normalised over time with

medication and remittance of symptoms), across two fMRI n-back task sessions. This reflects the

contralateral connections between the prefrontal cortex and cerebellum mediated by the thalamus.

The additional evidence for thalamic dysfunction in this patient sample supports evidence for

cognitive dysmetria in schizophrenia, which describes the dysconnectivity in the fronto-thalamic-

cerebellar network (Andreasen et al 1996; Crespo-Facorro et al 1999; Mendrek et al 2004).

6.2.2 Functional imaging of verbal encoding

Verbal episodic encoding tasks demand the intentional memorisation of material in order to facilitate

later recall. Superficial encoding is the processing of words based on their perceptual properties (i.e.

counting number of T letters in words). Deep processing is learning based on meaningful

associations, will normally facilitate better recall and will often be self initiated during encoding tasks

as a strategy for more effective recall. Levels of processing paradigms manipulate encoding processes

to allow for (1) elucidation of brain areas recruited during the encoding task itself, (2) a comparison of

activations associated with recall following specific forms of encoding (i.e. semantic or repetitious

versus superficial encoding, such as perceptual word judgements), or (3) a comparison of successful

(i.e. recalled correctly) versus unsuccessful (i.e. recalled incorrectly) encoding (Cabeza and Nyberg

2000; Demb et al 1995; Gabrieli 1998). Semantic processing is also apparent in incidental or

unintentional learning tasks (i.e. tasks where material is processed without explicit request for later

recall, e.g. word classification tasks).
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6.2.2.1 Functional imaging of verbal encoding in healthy volunteers

6.2.2.1.1 Frontal lobes

Increased left ventrolateral prefrontal cortex (VLFC; BA45/47) activation, unrelated to task difficulty,

during deep relative to superficial verbal encoding, has previously been demonstrated in healthy

volunteers (Demb et al 1995; Fletcher and Henson 2001; Gabrieli 1998; Pilgrim et al 2002).

Moreover, this left hemisphere activation is coincident with a left lateralisation for language (Gabrieli

1998). Left VLFC activation has also been shown to decrease during retrieval following semantic

repetition priming, or repeated word presentation at encoding and may represent an experience

induced plasticity resulting in the updating of semantic knowledge (Demb et al 1995; Gabrieli 1998).

Shallice et al (1994) showed that reduction in left anterior VLFC rCBF occurred during verbal

learning in the presence of a motor distractor task, which resulted in poor cued recall (Shallice et al

1994). Wagner et al (1998) showed greater left posterior VLFC activation during the encoding of

words that were recalled with confidence relative to those that were subsequently forgotten (Wagner

et al 1998). This implies a role for this area in successful verbal encoding and others have

hypothesised that this may relate to the generation of semantic or contextual attributes of an item

during learning, thus facilitating successful recall (Fletcher and Henson 2001; Simons and Spiers

2003). Fletcher and Henson (2001) describe the anterior VLFC as important in semantic memory

retrieval (i.e. word generation tasks). The more posterior VLFC areas, including Broca's area (BA44)

may be involved in the online holding of verbal material (sub-vocal rehearsal), while selection of

responses, especially in tasks with high levels of competition (i.e. similar distractors, proactive

interference), may involve both VLFC and additional recruitment of the DLPFC (Fletcher and Henson

2001).

Retrieval following deep relative to shallow processing has been shown to induce more accurate recall

(Gabrieli 1998). In a blocked fMRI experiment, Buckner et al (1998a) used deep processing to induce

high levels of success and low levels of effort, and shallow processing to induce low levels of success

and high levels of effort, at recognition. Bilateral anterior insula and left DLPFC activations were

apparent during retrieval following shallow encoding, whereas activation in the right anterior
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prefrontal cortex (APFC; BA10), a fronto-polar area anterior to the IFC, was apparent during retrieval,

post deep processing. The authors tentatively suggested that right APFC might therefore be specific

to retrieval success, although equally this could reflect the conscious recollection of deeply processed

words (Buckner and Koutstaal 1998). Grasby et al (2001) also showed right APFC activation during

retrieval, but following both semantic and non-semantic encoding of pictures and words (Grasby et al

2001). The lack of impact of encoding style in this instance may be due to the fact that items were re¬

presented in the same format as during encoding, minimalising the extent of search required, or

reflective of effortful conscious recollection.

6.2.2.1.2 Temporal lobes

The left medial temporal lobe (MTL) is involved in a network of left lateralised brain regions

activated during verbal encoding, but shows bilateral activation during non-verbal encoding.

Evidence suggests MTL recruitment is particularly prominent during the detection of new

information. In a blocked fMRI picture encoding and retrieval task, both Gabrieli et al (1997) and

Stem et al (1996) demonstrated increased bilateral posterior MTL activation (i.e. parahippocampal

gyrus (PHG)), in relation to novel pictures relative to familiar pictures (Schacter and Wagner 1999).

Conversely, Ranganath et al (2001) showed mainly right anterior hippocampus activation during the

maintenance (i.e. delay period prior to retrieval condition) of novel relative to familiar faces

(Ranganath and D'Esposito 2001), while Saykin et al (1999) showed increased left anterior

hippocampal activation during the processing of novel relative to familiar words (Saykin et al 1999).

Daselaar et al (2004) demonstrated activation of the left MTL (i.e. PHG and hippocampal formation),

during both successful word encoding and recognition of the same words. However, the left anterior

MTL (i.e. entorhinal cortex) was only activated during encoding (Daselaar et al 2004b). The PHG is

thought to sub-serve memory formation and reactivation of memory traces, and several other studies

have also shown left parahippocampal activation during successful retrieval of context (Dobbins et al

2003). The entorhinal cortex may be exclusively involved in the detection of novel stimuli. This is

supported by evidence from studies in monkeys, which identified a group of cells in the entorhinal

cortex region of the monkey brain to be sensitive to stimuli novelty (Xiang and Brown 1998 as cited

in (Daselaar et al 2004b)). A number of studies reported by Henson et al (2003) show a smaller
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response elicited in the anterior MTL during old relative to new word discrimination (Henson et al

2003). Similarly, Dolan and Fletcher (1997) showed a stepwise increase in the left MTL response

(i.e. PHG and hippocampal formation) with category-exemplar word pair associates (i.e. dog-boxer)

of increasing novelty (i.e. old-old; old-new; new-old; new-new), also suggesting sensitivity to

contextual novelty (Dolan and Fletcher 1997; Schacter and Wagner 1999).

Other evidence suggests the MTL response extends beyond basic novelty detection. Saykin et al

(1999) showed increased left posterior PHG activation during the processing of familiar relative to

novel words, although greater left anterior MTL activation has been demonstrated in deep relative to

shallow word processing in both intentional and incidental verbal encoding tasks (Demb et al 1995;

Martin 1999; Otten et al 2001; Saykin et al 1999; Wagner et al 1998). In a PET study during an

encoding task, strength of left MTL activity was shown to vary as a function of meaning, and

subsequent memory for an item was directly related to the strength of MTL activation during

encoding (Martin 1999; Schacter and Wagner 1999; Wagner et al 1998). Similarly, Davachi et al

(2003) showed hippocampus and posterior PHG activity during encoding to be predictive of later

source recollection (i.e. consciously recalling the context surrounding the item) (Davachi et al 2003).

The impact of MTL activation during encoding, on the later recollection of aspects of context for

items learned, suggests the posterior MTL may also have a role in the binding together of attributes of

a learning event during the formation of an episodic memory (Desranges et al 1998). Furthermore, the

interconnection between the MTL and PFC suggests that these regions might act in concert to receive

and maintain information during verbal processing. It is clear that the MTL has a complex

involvement in the process of learning, exacerbated by the likely functional dissociation within limbic

structures such as the hippocampus and parahippocampal gyrus, and the varied recruitment identified

by PET and fMRI across cognitive tasks.

6.2.2.1.3 Cerebellum

Although the cerebellum receives less attention than other brain regions commonly activated during

memory tasks, a small number of studies do show cerebellar response during verbal encoding in

healthy volunteers. Lidaka et al (2000) showed right cerebellar coincident with left prefrontal BOLD
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response, while Busatto et al (1997) showed left cerebellar activity and Fernandez et al (1998)

bilateral cerebellar activation during word encoding (Busatto and Fernandez as cited by (Cabeza and

Nyberg 2000; Iidaka et al 2000). This may again be a reflection of the contralateral interconnections

between the cerebellum and the prefrontal, temporal and parietal lobes.

6.2.2.2 Functional imaging of verbal encoding in schizophrenia

6.2.2.2.1 Behavioural performance

Several functional imaging studies have shown that schizophrenic patients benefit from deep

processing (i.e. semantic encoding). Crespo Faccoro et al (2001) showed no differences between

groups in recognition performance of well learned (i.e. one week prior to experiment) and novel

words, Hofer et al (2003) showed high recognition performance in both acute and remitted

schizophrenic patients and controls following a semantic encoding task relative to rest (i.e. like versus

dislike & rest), while Kubicki et al (2003) (i.e. abstract versus concrete & upper versus lower case)

and Heckers et al (1998) (i.e. counting word meanings & counting word T junctions) showed better

performance following deep relative to shallow encoding in both patients and controls (Crespo-

Facorro et al 2001; Heckers et al 1998; Hofer et al 2003a; Hofer et al 2003b; Kubicki et al 2003).

However, usage of information during encoding may be different between patients and controls.

Jennings et al (1998) showed equivalent performance in patients and controls during a perceptual

judgement task, but a significant difference between groups in accuracy on a category judgement task,

while Ragland et al (2004) noted that patients subjectively reported using fewer associations than

controls during an intentional verbal encoding task (Jennings et al 1998; Ragland et al 2004). During

a verbal list learning task, Nohara et al (2000) presented participants with three word lists of varying

inherent semantic organisation, of which participants were not informed: random (i.e. no relationship

between words); blocked (i.e. words fit into 1 of 4 possible exemplar categories); and semi-blocked

(i.e. contains some words from previous exemplar categories randomly intermixed). Patients recalled

fewer words across all three lists than controls. However, although controls showed recall

improvement from random to semi-blocked to blocked lists, the performance of the patients on the

random and semi-blocked lists did not differ. This suggests that the majority of schizophrenic patients

did not spontaneously utilise the implicit semantic structure of the semi-blocked list to the same extent
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as controls (Nohara et al 2000). Similarly, Hazlett et al (2000) showed patients to exhibit less

semantic clustering, greater serial ordering and more intrusions than controls during list learning

across five trials in schizophrenic patients (Hazlett et al 2000). These findings are consistent with the

previously reviewed neuropsychological evidence for encoding deficits in schizophrenia.

6.2.2.2.2 Frontal lobes

In patients compared to controls, differences in prefrontal (PFC) activation during deep encoding,

between recall following deep and shallow processing or during intentional encoding without strategy

instruction, imply that patients may be acquiring information differently from or less effectively than

controls. During a semantic encoding condition, Jennings et al (1998) and Hofer et al (2003) showed

decreased right APFC (BA9/10) response in patients relative to controls. This is surprising given that

the hemispheric encoding/retrieval asymmetry model (HERA) implicates left lateralised PFC

activation during verbal encoding and right PFC activation during retrieval. However, this may be

due to words that induce high levels of imagery or to material that is already familiar to participants,

and more speculatively could be indicative of the usage of a different encoding strategy in the control

group relative to the patients (Hofer et al 2003a; Hofer et al 2003b; Jennings et al 1998). Kubicki et

al (2003) showed decreased bilateral BA45 response in patients relative to controls, suggestive of

reduced semantic processing during the encoding of words in the patient group (Hofer et al 2003b;

Jennings et al 1998; Kubicki et al 2003). While Kubicki et al (2003) showed increased cingulate

gyrus activation in patients during semantic relative to perceptual processing, Hofer et al (2003)

showed reduced AC (BA32) response in patients relative to controls during their semantic encoding

relative to rest condition, and Nohara et al (2000) showed reduced AC rCBF during the encoding of

lists of different semantic structure relative to verbal repetition. The levels of cingulate activity in the

groups during the different control conditions, could possibly explain these differences. Hazlett et al

(2000) showed increased serial ordering during list learning to be associated with decreased rGMR in

the left middle and left inferior frontal gyrus, and left and right precentral gyrus (Hazlett et al 2000;

Kubicki et al 2003).
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During recall following deep processing (minus recall following shallow processing), Heckers et al

(1998) showed increased rCBF in the right prefrontal cortex (RPFC; BA10) in patients relative to

controls. Greater RPFC activation may reflect effort, especially when the patients showed greater

accuracy for shallow than for deeply processed words. Similarly, impaired hippocampal activation for

the same contrast implies difficulties in conscious recollection of words that should have been deeply

encoded (Heckers et al 1998). Interestingly, Ino et al (2004) showed RPFC activation to be negatively

correlated with correct recall in healthy participants during an auditory verbal encoding and retrieval

task (Ino et al 2004).

During encoding of word lists of varying semantic structure, Nohara et al (2000) showed less rCBF in

the left IFC, whilst during the control verbal repetition task patients showed decreased rCBF in the

right middle frontal gyrus. This suggests that the impaired semantic processing (apparent from the

behavioural results), may be correlated with reduced left IFC activation, compared to the controls

(Nohara et al 2000). The application of semantic structure to a list will facilitate later recall, and has

previously been associated with left IFC activation in healthy controls (Fletcher et al 1998 as cited in

(Nohara et al 2000). During a PET encoding and retrieval task, Ragland et al (2001) asked

participants to look at words as they were individually presented, try to remember them and then press

a button. During encoding, patients showed reduced left IFC (BA45) and superior frontal gyrus (BA8

and 9) rCBF relative to controls. Ragland et al (2001) suggest that patients have used working

memory to maintain words online in order to perform the recognition task to the same level as

controls. However, again, reduced left BA45 activation may reflect a lack of semantic processing

relative to that which may have been self initiated by the controls (Ragland et al 2001). More

generally, both Hofer et al (2003) and Ragland et al (2001) suggest that less prefrontal activation in

the patient groups relative to controls during deep encoding, may be evidence for impaired executive

control (Hofer et al 2003b; Ragland et al 2001).

6.2.2.2.3 Temporal lobes

Temporal lobe recruitment also appears to be abnormal in schizophrenic patients compared to

controls. During a comparison of deep encoding, Hofer et al (2003) (i.e. like or dislike word decision
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task) showed less lateral temporal (BA21) activation in acute patients (Hofer et al 2003a; Hofer et al

2003b). Reduced lateral temporal (BA21) activity, which was attributed to impaired semantic

processing, was also shown by Ganguli et al (1997) in an auditory verbal suprapspan task, and

considered consistent with frontal cortex failed executive control (Fletcher et al 1998; Ganguli et al

1997; Kubicki et al 2003), During an intentional encoding task (i.e. explicitly asking participants to

try and remember words), Ragland et al (2001) showed reduced superior temporal gyrus

(STG)(BA38) activation, while Jennings et al (1998) showed reduced right middle temporal lobe

(BA22) activation, but greater right STG activation (BA22) during a living versus non-living word

classification task in patients relative to controls. There were no differences between groups in the

left STG. However, the functional interactions between the STG and the left IFC (BA45) and left AC

(BA32) showed negative correlations, compared to positive associations in the control group. The

authors suggest that despite not impacting negatively on performance in this instance, the poor

functional connectivity between these networks may be reflected as an inability to flexibly respond to

increasing task demands during tasks that are more difficult. During a semantic encoding task (i.e.

abstract or concrete word classification task) Kubicki et al (2003) showed increased STG activation

concomitant with reduced left IFC activation (Hofer et al 2003b; Jennings et al 1998; Kubicki et al

2003; Ragland et al 2001). A failure of STG deactivation in schizophrenic patients was previously

shown in a PET study of graded word list recall (Fletcher et al 1998). Fletcher et al (1998) suggest

that 'over-elaboration of verbal information', or hyper-activation of semantic representations may be

due to an over activation of the STG in schizophrenia, coincident with a failure of PFC executive

mediation (Fletcher et al 1998).

6.2.2.2.4 Medial temporal lobes

Several studies also show an abnormal response of the hippocampus during encoding or during recall

following encoding in patients relative to controls. Heckers et al (1998) showed less right anterior

hippocampal activation in patients during recall following deep processing, but the opposite for recall

following shallow processing, and no difference between deficit and non-deficit patient groups.

Jessen et al (2003) showed less left anterior hippocampus activation during deep encoding, and

increased right anterior hippocampal activation following the presentation of novel words, while
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Barch et al (2002) showed impaired left anterior hippocampus and PHG activation during both an

intentional encoding and working memory task (i.e. 2-back) in schizophrenic patients relative to

controls. This pattern of results suggests a lateralisation in the hippocampus during encoding and

retrieval (left for encoding and right for retrieval) along with reduced anterior hippocampus activation

in patients in instances of encoding which requires 'semantic processing' or the retrieval of the

semantic properties of items. With respect to the literature in healthy volunteers, this region may be

linked to temporary maintenance of verbal information, the initial process of feature binding during a

learning event or novelty detection (Barch and al 2002; Heckers et al 1998; Jessen et al 2003).

6.2.2.2.5 Parietal lobes

There is little evidence to suggest dysfunctional parietal response during encoding in schizophrenia.

However, during the semantic encoding relative to baseline condition, Kubicki et al (2003) showed

hyper-activation in patients relative to controls in a cluster extending from the left STG to the left

inferior parietal lobes. This left parietal response was active in patients during both the non-semantic

and semantic encoding condition, suggesting it was not specifically related to the accessing of

semantic information (Kubick et al 2003). In addition to the increased activation in the frontal and

temporal areas in patients during these conditions, Kubicki et al (2003) asserted that the accessing and

storage of semantic and non semantic information was supported by the network of these regions, and

a hyper-activation of this network may well reflect a disturbance in semantic memory. Ragland et al

(2004) showed no differential activation in the left inferior parietal lobe (BA40) in patients relative to

controls during encoding. However, patients did show left inferior parietal activation in the patient

within group maps for the encoding of correctly recognised words, a region not activated for the same

contrast in controls.

6.2.3 Functional imaging of verbal retrieval

The Burgess and Shallice (1996) model of episodic retrieval describes it as a two stage process: (1)

identification and specification of retrieval cues and (2) monitoring of information retrieved with the

aid of those cues. Functional imaging of episodic retrieval tasks typically involves the active recall of

information that has been intentionally learned (i.e. word list learning task) when represented among
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similar novel distractor items (i.e. old words versus new words) or following a cue (i.e. stem

completion). This is normally through forced choice recognition tasks in order to minimise speech

and movement during scanning. Investigation of the neural correlates underlying retrieval success and

effort are fundamental issues in the cognitive neuroscience of memory. Furthermore, an

understanding of these neural correlates can aid in informing investigations of similar processes in the

brains of schizophrenic patients

6.2.3.1 Functional imaging of verbal retrieval in healthy volunteers

6.2.3.1.1 Frontal lobes

In healthy participants, a large number of studies demonstrate an increased response in the right APFC

(BA10) during verbal episodic retrieval tasks. Using an event-related fMRI encoding and retrieval

task, Buckner et al (1998a) showed activation in the right APFC for correctly recalled items (correct

recognition and rejection), while Cabeza et al (2000) showed right APFC activation during a verbal

retrieval task shortly before the presentation of a retrieval cue. Henson et al (1999) and (2000)

showed a late bilateral anterior PFC activation during old versus new word recollection, while

LDLPFC showed greater activation during correct low relative to correct high confidence recollection

judgements (Buckner et al 1998a; Cabeza and Nyberg 2000; Henson et al 2000; Henson et al 1999a).

Although right APFC activation during retrieval has since been characterised as an indicator of

retrieval mode, where novel items are used to cue information about studied items, Henson et al

(1999) also suggested that increased activation in this area might be analogous to a failure to

consciously recollect the learning event associated with an item, prior to making a response based on

familiarity. The recruitment of the right APFC later in time than other regions may additionally

reflect it's involvement in a 'post' retrieval verification and monitoring of recovered items (Buckner et

al 1998a; Rugg et al 1999; Rugg et al 1998) (Lepage 2000 as cited in (Dobbins et al 2003). Henson et

al (2000) have also proposed a functional dissociation in the dorsolateral (DLPFC; BA 9/46),

ventrolateral (VLFC; BA44/45/47) and anterior (APFC; BA10) frontal lobe sub-regions during verbal

episodic retrieval (Henson et al 1999a). The DLPFC, which has previously been linked to the process

of monitoring during working memory, may also be involved in the monitoring and maintenance of

recently retrieved information, while the VLFC is described as responsible for response organisation,
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based on the explicit retrieval of information from posterior association cortices. In order to

demonstrate support for this theory, Henson et al (1999) used a verbal encoding and retrieval task

manipulating types of encoding and retrieval. During encoding participants were instructed to

remember the orientation or temporal position of some words presented in one of two lists. During

retrieval, the 'inclusion' condition required recognition of whether or not a word had appeared

previously, whereas the 'exclusion' condition required identification of the context in which the word

had been encoded (i.e. spatial or temporal). Both DLPFC and VLFC were active during the

'exclusion' and 'inclusion' retrieval conditions. However, while the VLFC response was of equal

magnitude in both conditions (and therefore insensitive to task instructions), the DLPFC response was

greatest in the exclusion condition, reflective of a demand related recruitment (Henson et al 1999b).

6.2.3.1.2 Parietal lobes

Fletcher et al (1995) were among the first authors to identify activation in the posterior medial parietal

lobe (at or near the precuneus) during episodic retrieval. While additional anterior medial parietal

areas have also been reported during retrieval (Buckner et al 1996), the specific role of either of these

regions was previously unclear, although authors did suggest they may be imagery related. Activation

of the precuneus during retrieval of both auditory and visual, and both imaginable and abstract

material, also suggests it may be a multimodal association area (Krause et al 1999). Coincident with

LAPFC activation, Konishi et al (2000) showed left lateral and medial parietal activations in

volunteers during correct recognition versus correct rejection of a verbal encoding and retrieval task

(Konishi et al 2000). Henson et al (1999) and Dobbins et al (2003) both showed activation of a

similar lateral parietal area during conscious source recollection (on the lateral border of the precuneus

(BA19) in the former study, and including the supramarginal and angular gyrus in the latter study)

(Dobbins et al 2003; Henson et al 1999a). Saykin et al (1999) showed activation of the left PPL

during recognition of familiar relative to novel words, while Grady et al (2001) showed increased

response in the bilateral IPL, an area normally recruited during short-term verbal working memory

tasks (Grady et al 2001; Saykin et al 1999).
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6.2.3.1.3 Temporal lobes

Medial temporal lobe (MTL) activation has previously been inconsistently demonstrated in functional

imaging memory studies. This is perhaps due to the more likely MTL response during learning tasks

that emphasise complex and meaningful associations between items, and in which the MTL have been

shown to be critical to both encoding and retrieval processes. Daselaar et al (2004) demonstrated

activation of the left MTL, including the PHG and hippocampal formation, during both successful

word encoding and recognition of the same words (Daselaar et al 2004b). Similarly, Cabeza et al

(2001) showed hippocampal activation during verbal true and false recognition and greater PHG

activation for true than for false information (Cabeza et al 2001). This implicates the hippocampus in

the activation of semantic information, and suggests a PHG involvement in the accessing of

perceptual information (i.e. original features of a learned event). The PHG is thought to sub-serve

memory formation and reactivation of memory traces, and several other studies have also shown left

PHG (Dobbins et al 2003) and right PHG activation during successful retrieval of episode context

(Eldridge et al 2000). Similarly, in a contrast of correct recognition and correct rejection during a

verbal encoding and recognition task, Eldridge et al (2001) showed activation in the left

fusiform/PHG (Daselaar et al 2001). This further supports the notion that the posterior MTL may be

responsible for the reinstatement of the contextual features comprising a learned event, while the

anterior MTL may act as a temporary store for retrieved semantic information.

6.2.3.1.4 Cerebellum

The cerebellum has been more consistently associated with verbal retrieval than encoding tasks in

healthy volunteers. Schacter et al (1996) showed left cerebellar activation in both high and low cued

recall conditions (high based on deeply encoded words, and low based on superficially encoded

words) relative to baseline, in healthy volunteers (Schacter et al 1996a). Grasby et al (1993) showed

cerebellar activity in healthy volunteers during both a sub-span (5 word lists heard in scanner) and

supra-span recall task (15 word list heard in scanner) (Grasby et al 1993). Several other cued recall

tasks (i.e. Petrides et al 1995, Backman et al 1997 as cited by(Desranges et al 1998)) have shown left

cerebellar activation in healthy volunteers, while free recall tasks have shown mainly bilateral

responses in this area (Desranges et al 1998). Conversely, Andreasen et al (1999) showed right lateral
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cerebellar activity concomitant with left thalamic, frontal and parietal rCBF increase during the

conscious free retrieval of an episodic memory in healthy volunteers (Desranges et al 1998).

Desmond et al (1997) has hypothesised that superior cerebellar activation represents input from the

articulatory control system in the frontal lobes, whereas posterior vermis activation may be associated

with input from the phonological store in temporo-parietal areas. The cerebellum may be actively

involved in the feed forward loop of information in the monitoring and retrieval of memories

(Desmond et al 1997).

6.2.3.2 Functional imaging of verbal retrieval in schizophrenics

6.2.3.2.1 Behavioural performance

Behavioural performance on word recall tasks in schizophrenia is often mixed. This is understandable

given the differences in encoding conditions, length, and nature of delay between encoding and

retrieval, form of retrieval (i.e. free recall, cued recall or recognition) and the amounts of material to

be recalled. Performance differences are therefore often due to differences in the levels of task

difficulty. However, in functional imaging studies it is generally preferential to equate performance

between patients and controls in order that ensuing response differences might be attributed to brain

dysfunction, rather than poorer task performance, or unequal levels of perceived task difficulty.

Several studies have demonstrated no differences in task performance between groups during

imaging. Hofer et al (2003) showed high recognition performance during the presentation of 25

targets and 25 similar foils, in both acute and remitted schizophrenic patients and controls following a

50 item deep encoding task (Hofer et al 2003a; Hofer et al 2003b). Crespo-Faccoro et al (1999)

showed no differences in a 15-word list free recall task of practiced or novel words (novel words

presented 1 minute prior to spoken recall), and Ragland et al (2001) showed equivalent performance

(although increased guesses in patients) in patients and controls during a 20-word recognition task

(words were presented twice at least 15 minutes prior to recognition among 20 foils) (Crespo-Facorro

et al 1999; Ragland et al 2001). However, several tasks show a reduction in the performance of

patients with increasing task difficulty. Ragland et al (2004) altered their original task by increasing

words by ten and placing a distractor task (i.e. n-back) between the encoding and recognition

conditions, thus preventing word maintenance and rehearsal (Ragland et al 2004). Consequently,
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patients showed greater difficulty than controls in correctly recognising than correctly rejecting items.

Gur et al (1994) and Weiss et al (2004) also showed poorer recognition specificity (i.e. ability to reject

word as novel) relative to sensitivity (i.e. ability to recognise word as familiar) in patients relative to

controls. However, in Gur et al (1994), despite only 20 target words, their presentation among 80

similar foils may have made rejection of foils more difficult. This may be due to patients basing their

recognition judgements on word familiarity, rather than explicit recollection. Weiss et al (2004)

presented 80 targets among 80 foils (a larger number than in other studies), and encoding and

recognition conditions were separated by a 15 minute delay period, both of which may have made the

task more demanding (Gur et al 1994; Weiss et al 2004a). Similarly, in a graded word list recall task

(varying from 1-12 items), Fletcher et al (1998) showed normal recall up to four words in patients,

after which performance deteriorated relative to controls (Fletcher et al 1998). Barch et al (2002)

showed poorer and slower recognition of words and faces in patients relative to controls, although

both groups showed superior recall for verbal over non-verbal material (Barch and al 2002). Ganguli

et al (1997) showed poorer free recall for the most recent words on a 12 word list relative to controls,

but intact memory for words at the start of the list, suggesting intact long-term but poorer short-term

verbal memory than controls (Ganguli et al 1997). Reduced spontaneous recall of information was

also demonstrated by Andreasen et al (1996), who showed significantly poorer spoken recall of a

novel story (administered 1 minute prior to scan) but no differences in memory for a practiced story

(learned 1 week prior to scan and refreshed prior to entering scanner), in patients relative to controls

(Andreasen et al 1997).

6.2.3.2.2 Frontal lobes

Several studies of word recall and recognition have shown reduced DLPFC, IFC and AC activation in

schizophrenia patients relative to controls. In Hofer et al (2003) acute and remitted patients showed

significantly less BOLD response in the bilateral DLPFC (BA9 & BA46) and right cingulate gyrus

(BA32) when compared to controls (Hofer et al 2003a; Hofer et al 2003b). Crespo-Faccoro et al

(1999) showed decreased rCBF in the left DLPFC and bilateral medial frontal cortex during practiced

word recall and in the left IFC and right AC during novel word recall (Crespo-Facorro et al 1999).

Fletcher et al (1998) showed the left DLPFC (BA46) to be continually activated in controls
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throughout a graded list recall task, and patients with and without memory impairment showed similar

activation in the recall of up to 4 words, beyond which point this area showed a decrease in activation

in patients, presumably associated with task difficulty (Fletcher et al 1998). Barch et al (2002)

reported reduced right DLPFC (BA9) activation in patients relative to controls during both a working

memory (i.e. 2-back task) and recognition task. Barch et al (2002) suggest that although the left

DLPFC is normally associated with monitoring and maintenance, the right DLPFC may have a similar

role in this instance, by guiding the selection of strategy for the task. However, left DLPFC may be

more common in verbal tasks due to the left lateralisation for language. This right hemisphere

activation was specific to the working memory and recognition conditions, irrespective of material

type. As such, the visuo-spatial nature of the n-back working memory task and the combination of

words and faces for the recognition tasks may have resulted in greater right hemisphere activity.

Interestingly, unlike controls, patients also failed to show significantly greater activation in the left

1FC for word relative to face recognition, despite being an area typically associated with verbal recall

(Barch and al 2002). Ganguli et al (1997) also showed smaller rCBF increases in patients relative to

controls in the bilateral DLPFC and right AC during supra-span fist recall versus fixation, while

Ragland et al (2001) showed decreased rCBF in the left IFC (BA45), left middle frontal gyrus

(BA8/9), and right AC (BA32) during recognition in patients relative to controls (patients minus

controls contrasts were not computed) (Ganguli et al 1997; Ragland et al 2001). During an event-

related fMRI encoding and recognition task, Ragland et al (2004) showed less right DLPFC (BA 9) in

patients relative to controls during correct recognition relative to correct rejection, while patients

exhibited a greater bilateral response in the OFC (BA 11) and left SFC (BA 8). An absence of right

DLPFC (BA9) on the within group maps of patients during correct recognition suggests that poor

correct rejection may in part be attributable to a failure in retrieval monitoring normally ascribed to

this brain region. These findings also differ from the previous study (2001) in that the left middle

frontal gyrus (BA8/9) activity appears normal, and the previous reduced activation in the mesial

temporal cortex appears greater in patients than controls (Ragland et al 2004). These differences may

be indicative of differences in neuroimaging techniques. Alternatively, the latter paradigm's inclusion

of a distractor task and increased time between encoding and retrieval may have altered the demands

of the memory task and ensuing activations. Interestingly, Hofer et al (2003) showed increased
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bilateral APFC (BA10) and left sensorimotor cortex (BA6) activation in acute schizophrenic patients

relative to controls during word recognition following a deep encoding task. Given the small

intervening period between encoding and recognition conditions, patients may have held the

semantically processed information in working memory briefly before engaging retrieval processes.

The authors therefore attribute the greater right APFC activation in patients to retrieval success.

Flowever, this activation may also be due to response uncertainty, and enhanced monitoring processes

prior to selection (Hofer et al 2003b). Andreasen et al (1996) showed reduced rCBF in patients

relative to controls, in the left anterior and right medial frontal lobes during the practiced story recall

task (on which performance in both groups was not significantly different). During the novel story

recall task frontal rCBF deficits were only apparent in the left frontal operculum and AC (Andreasen

et al 1996).

6.2.3.2.3 Temporal lobes

Andreasen et al (1996) showed no temporal lobe rCBF deficits in patients relative to controls during a

practiced story recall task. However, during the novel story recall task, patients showed less rCBF in

the bilateral anterior temporal lobes and AC (Andreasen et al 1996). Both Hofer et al (2003) and

Ganguli et al (1997) showed reduced lateral temporal cortex (BA21/22) activation in patients relative

to controls during recognition and recall respectively. This temporal region may be linked to semantic

processing, given that Wernicke's area (BA21/22) is reportedly the loci of stored information relating

to the meanings and semantic properties of words (Ganguli et al 1997; Hofer et al 2003a; Hofer et al

2003b). Barch et al (2002) showed no significant difference between left temporal activation for word

recognition relative to face recognition, despite a significantly greater activation for this region in this

contrast for controls. This is possibly evidence for a diminished laterality for language in the patient

group. In the same way, it may also reflect greater dysfunction in the left hemisphere brain networks

supporting verbal processing (Barch and al 2002; Gur et al 1994). In Fletcher et al (1998) the STG

showed a task related decrease in controls, unlike the linear increase in activation in this area in

patients, which was unrelated to the performance of the task (Fletcher et al 1998). Furthermore, in the

same task, Fletcher et al (1999) showed PFC and AC activity to significantly predict STG activation

decrease in controls, although this pattern was not apparent in the patients. The authors suggest that
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the interaction between the PFC and AC might modify activity in the STG. The functional deficits

demonstrated in schizophrenia may be related to the failed interaction or connectivity between frontal

and temporal regions and the AC (Fletcher et al 1999). This corresponds to a finding in Jennings et al

(1998), showing negative effective functional connectivity between the left IFC, left AC and left STG

in patients, the opposite pattern to that shown in controls. This further supports the notion that

schizophrenia is characterised by abnormal fronto-temporal connectivity, mediated in part by AC

activity (Jennings et al 1998).

6.2.3.2.4 Medial temporal lobes

Ragland et al (2001) showed reduced mesial-temporal activation in patients relative to controls during

recognition, while in Ragland et al (2004) patients showed increased PHG activation compared to

controls during correct recognition relative to correct rejection. This is an unexpected finding, given

that PHG involvement in retrieval in healthy volunteers is normally associated with retrieval of

contextual features of a learning event. This region was not apparent in either of the within group

maps for this contrast, suggesting that it is the result of an interaction effect (Ragland et al 2001;

Ragland et al 2004). Jessen et al (2003) showed less bilateral hippocampal activation during word

recognition in patients relative to controls, and Weiss et al (2004) demonstrated bilateral hippocampal

activation in both old and new events relative to baseline in both groups. However, there was greater

right posterior hippocampal response in patients during old relative to new events, a response not

apparent in controls. Conversely, controls, but not patients showed increased right anterior

hippocampal response during new relative to old events. Weiss et al (2004) suggest that the

correlation in patients only, between false alarm rate and right hippocampal activation, implies

impaired novelty detection in this patient group (Jessen et al 2003; Weiss et al 2004a).

6.2.3.2.5 Parietal lobes

Ragland et al (2004) reported reduced left IPL and superior parietal activation (BA7) in patients

relative to controls during correct recognition, although patients showed enhanced activation relative

to controls in a proximal cluster (precuneus, BA7) (Ragland et al 2004). Weiss et al (2003) also

reported increased activation in the precuneus in patients relative to controls during new events at
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retrieval (Weiss et al 2003). Fletcher et al (1998) showed parietal differences between controls and

patients who were both impaired and unimpaired on the graded recall task. Specifically, unimpaired

patients and controls showed increased activity in the PPL, whereas impaired patients did not.

Moreover, the task related decrease apparent in the IPL in controls was not demonstrated in the patient

groups, similar to the effect apparent in the STG (Fletcher et al 1998). This is perhaps consistent with

findings in the verbal working memory tasks, which show a linear increase in these areas during tasks

of increasing difficulty, with an eventual reduction in activity when capacity is breached. It is

possible that activation in the IPL is compensatory for the failed recruitment of the left DLPFC, while

at the same time being capacity dependent, and therefore sensitive to increases in memory load.

Barch et al (2002) showed no significant difference between left parietal (BA7) activation for word

recognition relative to face recognition, despite a significantly greater activation in this region for the

same contrast in controls (Barch and al 2002). Finally, Hofer et al (2003) showed left inferior parietal

(BA40) activation in the within group contrast map of schizophrenic patients in remission and in a

separate study in acute schizophrenic patients, during verbal recognition relative to baseline.

Although this area was not apparent in the within group maps of controls, it did not emerge as an area

of significant differential activation between the groups (Hofer et al 2003a; Hofer et al 2003b). The

evidence therefore, seems to indicate a general compensatory hyper activation of the parietal lobes in

schizophrenic patients during verbal retrieval.

6.2.3.2.6 Cerebellum and thalamus

Few of the recall tasks report cerebellar activation differences, while the thalamus is consistently

implicated. Barch et al (2002) showed significantly greater right thalamus activation in controls

relative to patients during both a working memory and recognition task, while Ganguli et al (1997)

identified greater left thalamus activation in controls relative to patients during supra-span verbal

recall. Evidence suggests the thalamus may act as a filter to 'online' sensory information, by

mediating between the cerebellum and frontal regions (Andreasen et al 1999; Barch and al 2002;

Ganguli et al 1997). Crespo-Faccoro et al (1999) showed decreased rCBF in the left thalamus and left

cerebellum during practiced word recall and in the right thalamus and bilateral cerebellum during

novel word recall (Crespo-Facorro et al 1999). Andreasen et al (1996) showed the same pattern of
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ffonto-thalamic-cerebellar rCBF in both patients and controls, but rCBF was reduced in the thalamus

and bilateral cerebellum in patients relative to controls during the practiced story recall task (on which

performance in both groups was not significantly different). During the novel story recall task, rCBF

deficits were apparent in the right thalamus, bilateral lenticular nuclei and bilateral cerebellum

(Andreasen et al 1996). This group have since proposed that a fundamental deficit in schizophrenia is

a failure in the meta-process ofmonitoring and coordination of cognition or 'cognitive dysmetria' due

to defective circuitry in the ffonto-thalamic-cerebellar network. This model has been borrowed from

neurology, where dysmetria normally refers to the failed synchrony of motor movement (i.e. the rapid

updating of input and output to guide motor actions), controlled by a multiple nodal feedback loop,

the cortico-cerebellar-thalamic-cortical circuit (Andreasen et al 1999).

6.2.4 Functional imaging of word generation

Word generation or verbal fluency tasks require the covert or overt generation of words from auditory

or visual letter or exemplar cues. Due to the planning, search, and retrieval aspect to these tasks, they

are often classed as tests of both executive function and semantic memory retrieval.

6.2.4.1 Functional imaging of word generation and classification in healthy volunteers

6.2.4.1.1 Frontal lobes

In healthy volunteers, semantic memory retrieval tasks (regardless of stimulus modality) elicit mainly

left lateralised activations in the PFC. The left dorsal, posterior and inferior frontal activations (BA44,

BA46, BA9) predominantly associated with generation tasks, are possibly reflective of language

processing, covert articulation and working memory maintenance operations (McCarthy et al 1993)

and up until recently were considered to guide access to information relevant to the task and permit

evaluation of this information. This is reflected in evidence for decreases in left IFC activity

associated with repeated access to information pertinent to the task in hand (Demb et al 1995; Kapur

et al 1994). Thompson-Shill et al (1997), on the other hand, suggest that left IFC activation (in both

classification and generation tasks) does not mediate access to information for semantic processing,

but instead mediates the response/semantic knowledge selection in the presence of competing

knowledge, necessitated by the demands of the task (Tempini et al 1998; Thompson-Schill et al 1997).
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By varying selection demands in a semantic decision task, the authors showed LIFC activation in

conditions of high selection, where items were compared on one semantic feature of similarity, as

opposed to conditions of low selection, where items were compared on global features of semantic

similarity (Thompson-Schill et al 1997). In a similar vein, Wagner et al (2001) proposed that the LIFC

was responsible for the 'controlled' retrieval from semantic memory in instances where automatic

retrieval is precluded. This might occur in situations where semantic association between encoded

items is weak and recovery of target information is not immediately facilitated by the presence of an

associate, or when competition from irrelevant information places a greater load on top-down

processes (Wagner 2001). More generally, the functional heterogeneity of the left IFC is important.

VLFC activations (BA45/46/47) have been shown to be common to both generation and

classification, while the left dorsal-lateral IFC (BA 44) has been shown in studies of inhibition and

selection resolution (Jonides et al 1998b; Thompson-Schill et al 1997) or in tasks requiring forms of

phonological control (Fiez et al 1996). Conversely, ventro-medial frontal activations (BA 11, 32)

appear to be specific to classification tasks only and may be associated with decision making

processes (Cabeza and Nyberg 2000; Pilgrim et al 2002; Thompson-Schill et al 1997). The distinction

between types of word generation tasks is also an important one. Mummery et al (1996) showed

rCBF to be greater in left temporal regions during semantic relative to letter fluency, whereas the left

IFC (BA44/6) showed greater response for the reverse contrast (Mummery et al 1996). Paulesu et al

(1997) showed overlapping as well as differential areas of activation in the left IFC during an fMRI

study of letter and category fluency. In the letter fluency condition only, there was an activation in the

posterior opercular portion of the left IFC, but in the category fluency condition only, a response was

shown in the left retrospleniel area (Paulesu et al). Drager et al (2004) showed the typical left IFC

(BA 45/47) and middle frontal gyrus (BA 6/8/9) and AC (BA32) activation, along with activation of

the left IPL, caudate and right cerebellum, during the retrieval of as many words as possible following

the cue of a word beginning. However, only the right IPL (BA40) and right superior parietal lobe

(BA7) showed increased activation with increased difficulty (i.e. easy, moderate, and difficult to

complete word stems). Otherwise, there were no changes in activation or reduction in laterality in

these language related areas concomitant with moderated task difficulty. Fu et al (2002) reported

similar areas of activation during an fMRI verbal fluency task, using sets of both 'easy1 (e.g. T, L and
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S) and 'hard' letter cues (e.g. O, A and G). During the hard relative to easy letter cue conditions

however, volunteers showed an enhanced response in the left AC (BA32), and during easy relative to

hard, in the right cerebellum and occipital areas (BA18) (Fu et al 2002). This provides additional

evidence for the recruitment of the dorsal anterior cingulate in tasks requiring increased attention due

to elevated difficulty (Paus et al 1998).

6.2.4.1.2 Temporal lobes

Coincident with increased prefrontal activation are decreases in activation of the right or bilateral STG

during word generation tasks, with in some instances a noted negative correlation between the left

DLPFC and the right STG (Frith et al 1991; Warburton et al 1996). Frith et al (1991) postulate that

the STG may be an area involved in the storage of word representations which is mediated and

controlled by the left PFC (Frith et al 1991). Pihlajamaki et al (2000) showed activations in the left

MTL, including the hippocampus and PHG during semantic word generation in volunteers. Given

that most word generation tasks do not require semantic association, this MTL activation may be

specific to semantic fluency tasks only. Authors suggest the fusiform gyrus, PHG and hippocampus

may act in concert to retrieve semantically associated words (Pihlajamaki M et al 2000). Mummery et

al (1996) provide additional evidence of the specific fronto-temporal activations during semantic

relative to letter fluency tasks, providing support for the suggestion that temporal areas important for

word 'meaning' are accessed during the former task only.

6.2.4.1.3 Parietal

Left lateral parietal activation (BA39/40) has been commonly demonstrated in word generation tasks

(i.e. Frith et al 1991 and Warburton et al 1996 as cited in (Cabeza and Nyberg 2000)). However, a

number of categorisation tasks also show left lateral parietal response (i.e. Price et al 1997 as cited in

Cabeza and Nyberg 2000). This suggests that this area is probably involved in the accessing or

holding of meaning based information about items. This is interesting given the hypothesised role of

this region in phonological storage during the retention component of verbal working memory, but

considered unlikely to be associated with the semantic coding of words (Jonides et al 1998a).

Thompson-Schill et al (1997) showed a left parietal activation (BA7) during a high versus low
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semantic word and picture memory selection condition, which may reflect the usage of imagery

during the high selection condition (Thompson-Schill et al 1997). Drager et al (2004) allows for a

more prosaic interpretation of IPL activity during word generation tasks. While left IFC, left middle

frontal and left IPL language related areas showed similar activation during both 'easy1, 'moderate' and

'difficult' stem cue conditions, the right IPL (BA40) and right superior parietal lobe (BA7) showed an

enhanced response during the retrieval of words in the hard relative to easy cue conditions. The

authors suggest IPL activation reflects the maintenance of more difficult word stem representations in

the phonological store for a longer duration than those stems for which words would be retrieved

quickly. This implies that right lateralised parietal activations support performance response to

increased task difficulty. This interpretation is compatible with fMRI studies of selective attention,

which show an increased response of the IPL with increased demands on auditory selective attention

(Pugh et al 1996; Shaywitz et al 2001)

6.2.4.2 Functional imaging of word generation and classification in schizophrenics

Functional MRI during word generation/verbal fluency experiments in patients with schizophrenia

were traditionally employed as a means of exploring frontal lobe integrity, given this task's

considerable executive component (Artiges et al 2000). Ingvar and Franzen's reportage of reduced

frontal activation relative to posterior activation in a schizophrenic group was the first indication in

this population of what has now been termed hypoffontality (Bullmore et al 1999). Word

classification tasks have been used most often as a form of deep or 'incidental episodic encoding' to

facilitate later episodic recall in studies comparing patients with schizophrenia and controls.

6.2.4.2.1 Behavioural performance

Behavioural measures of fluency in neuroimaging tasks are often conducted prior to scanning due to

the paced nature of the tasks administered during imaging, or the additional component of sub-vocal

articulation (i.e. to reduce head motion) precluding behavioural measurement. In a phonological

fluency task, participants are cued by a letter (e.g. F, A or S) and asked to generate as many words as

possible beginning with that letter. Curtis et al (1998) and Weiss et al (2004) both showed equivalent

performance on a verbal fluency task in patients and controls, prior to scanning (Curtis et al 1998;
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Weiss et al 2004b). During a paced phonological fluency task, Fletcher et al (1996) showed patients

to produce non-significantly fewer and slower responses and more passes than controls, while

Yurgelun-Todd et al (1996) showed equivalent performance and Spence et al (2000) reported

satisfactory performance of all groups (Fletcher et al 1996; Spence et al 2000; Yurgelun-Todd et al

1996). In a verbal initiation task adapted from the Hayling Sentence Completion Test, participants

were required to covertly generate a word, which sensibly completed a sentence with the last word

missing. Lawrie et al (2002) showed increasing response time and word inappropriateness with

increasing sentence constraint (i.e. ambiguity of sentence) across both groups, although schizophrenic

patients were significantly slower to respond and produced significantly less appropriate words

relative to controls (Lawrie et al 2002a). Similarly, in a verb-generation task, Sommer et al (2003)

showed equivalent performance between patients and controls. However, in the additional reverse-

read task, participants were required to read words spelled from right to left, vocalise that word, and

press a button if considered an animal. This places an emphasis on phonological encoding, thus

avoiding direct orthographic word recognition. Patients showed worse performance on reverse read

relative to controls (Sommer et al 2003a).

6.2.4.2.2 Frontal lobes

Although some studies employing word generation tasks have shown attenuated frontal activation in

schizophrenics relative to controls (Artiges et al 2000; Curtis et al 1998; Yurgelun-Todd et al 1996)

others have shown equivalent levels of left frontal activation in both groups (Lawrie et al 2002a)or

increased right frontal activation in patients relative to controls (Sommer et al 2003b; Weiss et al

2004b). Curtis et al (1998) showed increased rCBF in controls relative to patients in the left IFC and

left DLPFC. Spence et al (2000) showed no differences in functional connectivity between the left

DLPFC and STG, but reduced connectivity between the left DLPFC and the AC (Curtis et al 1998).

Dye et al (1999) showed no differences in frontal response in asymptomatic schizophrenic patients,

remitted bipolar patients and controls during a verbal fluency task (Dye 1999). Similarly, Lawrie et al

(2002) showed equivalent levels of bilateral DLPFC, but in the functional connectivity analysis lower

correlation between the left DLPFC and left middle/STG in patients than in controls. This correlation

was also lower in those patients with auditory hallucinations relative to those without, possible
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evidence for increased ffonto-temporal connectivity in schizophrenia, which may be related to the

disease state (Lawrie et al 2002a). Spence et al (2000) might have failed to demonstrate a similar

relationship due to the smaller number of hallucinating patients in their sample. Weiss et al (2004)

showed patients to bilaterally activate the frontal cortex, unlike control participants who typically

show left lateralised activations during verbal fluency (Weiss et al 2004b). Artiges et al (2000) also

reported reduced left and greater right hemisphere rCBF in patients relative to controls. This parallel

right hemisphere activation was also associated with reduced verbal fluency performance in the

patient group, and may therefore reflect attempts at compensation for lower left hemisphere activation

(Artiges et al 2000). In both studies this was posited as an indication of diminished language

lateralisation in patients with schizophrenia, a hypothesis endorsed by Crow and others (Crow 2000;

Weiss et al 2004b). However, this could equally reflect a failure to inhibit areas not involved in

language processing (Sommer et al 2003a) or as discussed, an effort based recruitment of additional

areas of the prefrontal cortex.

6.2.4.2.3 Temporal lobes

Other evidence supports the notion that patients with schizophrenia (both medicated and unmedicated

(Fletcher et al 1996) fail to 'deactivate' the STG in the manner apparent in healthy controls during

word fluency tasks, and that this may reflect a dysconnectivity between the left DLPFC and STG, or a

failure of one area to suppress the activity of the other during this task (Fletcher et al 1996; Frith et al

1995; Spence et al 2000; Yurgelun-Todd et al 1996). However, this has not been consistently

demonstrated. Spence et al (2000) showed only a failure to 'deactivate' the precuneus in patients with

schizophrenia relative to controls, while Dye et al (1999) showed bilateral decreases in the STG

during verbal fluency in both schizophrenic and bipolar patients (Dye 1999). Conversely, Fletcher et

al (1996) showed both a failure to 'deactivate' the STG and AC in patients compared to controls in a

paced verbal fluency task (Fletcher et al 1996; Spence et al 2000). This is supported by a study by

Dolan et al (1996) which showed decreased AC activation in patients during a verbal fluency versus

word repetition task, but which was consequently modulated by apomorphine. The latter finding was

interpreted as apomorphine's modification of brain activity through normalisation of AC activity, due

to the dopaminergic antagonistic effects of the drug (Fletcher et al 1996).
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Curtis et al (1998) also compared activations between patients and controls in a semantic decision

(living versus non-living classification) task. Although the patients were shown to activate all areas to

a greater extent than controls, the attenuated frontal response was evident only in the verbal fluency

task, while ventro-occipital-temporal areas were more greatly activated in patients during the semantic

decision task. The authors assert that the convergent frontal activation results may reflect differences

in task difficulty (where verbal generation is more taxing than classification), whereas non-dominant

language area activation may be a compensatory recruitment to meet the demands of the task (Curtis

et al 1998). In a similar classification task when compared with a basic letter-scanning task, Jennings

et al, (1998) showed greater rCBF in patients relative to controls in bilateral STG (BA21) and the left

APC (BA10), but less in right BA 10, right precuneus (BA 7), left thalamus and left occipital cortex

(Jennings et al 1998). Path analysis (i.e. effective connectivity, which demonstrates the correlations

between regions within a brain network) showed negative reciprocal connections in schizophrenic

patients between the right and left frontal cortex (BA 10, 45) and the between the former regions and

the temporal cortex (BA 22, 32), the opposite pattern to that shown in healthy controls (Jennings et al

1998). This again suggests a possible fronto-temporal network functional dysconnectivity in the

brains of patients with schizophrenia.

6.3 Functional Imaging of cognition in people at genetically enhanced risk for

schizophrenia

There are only a few extant functional neuroimaging studies, which have investigated functional brain

activation differences in relatives of patients with schizophrenia, compared to controls. Spence et al

(2000) reported no differences in rCBF in ten unaffected obligates (mean age 55.4 years) (i.e.

unaffected middle aged carriers of a predisposition for schizophrenia with an affected parent and

child) relative to ten matched controls during a PET study of paced phonological verbal fluency

(Spence et al 2000). The mean age of the obligate sample placed most members of the group out-with

their period of maximum risk for development of the disorder. Moreover, the obligates were an

exclusive group, who in spite of their multiply affected first-degree relatives are highly unlikely to

develop the disorder. This, combined with the ease of the task (paced phonological fluency is unlikely
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to challenge this group) may explain the lack of functional differences between the obligates and

controls.

Several studies have in fact reported hypoffontality in unaffected relatives across memory and

executive function tasks. Keshavan et al (2002) showed decreased DLPFC (BA9/46) and IPL (BA40)

activation in four young (mean age 13.25 years) offspring of schizophrenics (two males and two

females) relative to four age and gender matched controls during a spatial working memory task (i.e.

memory guided saccades task) (Keshavan MS et al 2002). This particular study should however be

considered with caution, given the small number of participants scanned and the fact that two of the

four high-risk participants were diagnosed with Attention Deficit Hyperactivity Disorder, and one

with major depression. Macdonald et al (2003) also reported (in abstract format only) reduced left

DLPFC activity in first episode schizophrenic patients and their relatives during attempted inhibition

of response in a spatial variant of the Stroop task. The age of these participants and further study

details were however not available due to the abstract format, thus precluding a definitive criticism of

this study (MacDonald et al 2003a). Blackwood et al (1999) used SPECT to compare brain perfusion

maps between high-risk participants and controls. They revealed reduced perfusion in the left IFC

(BA47) and AC, and bilaterally increased perfusion in the internal capsule (sub-cortical region) in

high-risk participants and schizophrenic patients relative to controls. However, neuropsychological

performance on verbal and visual memory tasks and a verbal fluency task did not correlate

significantly with perfusion in any brain regions, unlike in the schizophrenic patient group

(Blackwood et al 1999).

In the EHRS, Whalley et al (2004) compared first and second-degree relatives of schizophrenics and

controls during an fMRI study of covert word generation in a task adapted from the Hayling Sentence

Completion Test. This requires the covert generation of words to sensibly complete sentences

presented with the last word missing. During a parametric contrast controls showed greater increases

with increasing task difficulty in the right medial prefrontal cortex (BA6), AC, thalamus and left

posterior cerebellum. Furthermore, high-risk participants who had experienced isolated psychotic

symptoms showed greater activation than controls and those without symptoms during sentence
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completion relative to rest in the left intraparietal sulcus (BA40) (Whalley et al 2004). This is an

important study given that most participants are not yet out-with their period of maximum risk for

development of the disorder. Moreover, a proportion of this high-risk group has subsequently

developed schizophrenia. It is plausible therefore that some response differences are precursors to the

development of schizophrenia in these individuals.

Hyperffontality has also been demonstrated in unaffected relative groups. Callicott et al (2003)

showed an exaggerated response in the right DLPFC in siblings of schizophrenics (mean age 38 years)

relative to controls during a working memory task (i.e. n-back) (Callicott et al 2003). Thermenos et al

(2004) used two versions of an auditory continuous performance test (baseline low load vigilance task

and high load auditory working memory task) during fMRI in non-psychotic first-degree relatives of

schizophrenics (mean age 35.5 years) and controls. Relatives showed equivalent performance to

controls on the low load working memory task (respond to A following Q), but significantly poorer

performance on the high-load condition (respond to A only when preceded by Q separated by 3 other

letters). Relatives showed a greater response in the left DLPFC and anterior and dorso-medial

thalamus relative to controls during the high load working memory task relative to the baseline

vigilance task. However, after controlling for task performance, response differences were apparent

only in the AC (Thermenos et al 2004b). Both studies highlight the more limited capacity of the

working memory system in relatives of schizophrenics compared to controls and the deficient task

performance due to increasing working memory demand analogous to the increasing DLPFC

response.

Although these individual studies manipulate different aspects of cognition, consistent areas of

aberrant activation relative to healthy controls have emerged, and reflect a similar profile to patients of

ffonto-temporal and ffonto-thalamic-cerebellar network dysfunction, as well as an inferior parietal

lobe hyperactivity in one study, which is possibly specific to at risk subjects predisposed to psychotic

symptoms, and some of which may be in the early stages of psychosis onset. Moreover, results from

parametric tasks (Callicott et al 1999), suggest that the non-linear inverted U shaped profile of DLPFC

response may be shifted slightly leftwards in both schizophrenic patients and their unaffected
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biological relatives, compared to controls. This implicates deficiency of response in the DLPFC as a

putative indicator of genetic liability to schizophrenia

6.4 Summary of the functional neuroimaging of memory in people with schizophrenia

and their unaffected relatives

Imaging results suggest a clear overlap in recruited and aberrant brain regions across verbal working

memory, verbal episodic encoding and retrieval, semantic retrieval and verbal phonological fluency

tasks. This implies dysfunction in shared brain networks responsible for higher general cognitive

processing. Findings of frontal lobe abnormality in schizophrenics and to some extent in their

unaffected relatives during tests of verbal memory may implicate the aberrant function of the DLPFC

as a potential indicator of genetic vulnerability to schizophrenia. The DLPFC, hypothesised as

responsible for the monitoring and control of 'online' transient material, shows the normal increased

activation with tasks of increasing load or difficulty in patients, but a deficiency at lower capacity

loads than controls. This suggests the breaching of capacity limits earlier in time than controls. Most

studies report predominantly left DLPFC activation differences, possibly due to the verbal nature of

the tasks, although right DLPFC deficiencies have also been reported. Structural studies suggest the

left may be important in executive tasks and the right in the allocation of attention. Bilateral DLPFC

response in patients relative to left lateralised DLPFC response in controls may additionally be an

indication of reduced laterality in schizophrenia.

While the dorsal areas are loosely linked to general executive control, ventral areas are considered

important in memory ability. Left IFC (BA44/45) reductions in patients during verbal

working/immediate memory tasks may be indicative of poor articulatory control or verbal rehearsal in

the hypothetical phonological loop (Broca's area). However, the left VLFC (BA45/47), an area

anterior to Broca's area (BA44), has also been identified as deficient in schizophrenia, particularly

during verbal encoding tasks. Evidence from the literature in healthy volunteers suggests this area

may be involved in the semantic processing of verbal material, the accessing of online information

related to word meaning and the strategic organisation of material, enabling successful contextual

recall. This is likely, given this area's strong reciprocal connections with the STG (BA22), also
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known as Wernicke's area and related to stored semantic information about words. Usually the left

IFC (e.g. BA44/45) appears normal in schizophrenia during word generation tasks. This may be

attributable to the phonological nature of the paced verbal fluency tasks, which are unlikely to require

the generation of semantic information.

One study (i.e. verbal retrieval) showed reduced right APFC (BA10) activation, and another increased

right APFC activation in patients relative to controls. However, this may be due to the focus on

correct recognition events versus correct rejection events in the former study, and successful retrieval

following deep encoding and brief delay to recall in the latter. This area is hypothesised as responsible

for supervision of the switching between specifications of search parameters (i.e. cues-VLFC) and

monitoring of retrieved information from the search (i.e. DLPFC). This may therefore reflect an

enhanced monitoring of material prior to responding.

Verbal memory tasks placing an emphasis on the online maintenance and storage of verbal

information show enhanced IPL (BA40) and PPL (precuneus, BA7) activations in patients relative to

controls. This is often accompanied by hypofrontality, though equally hyperfrontality is apparent

when the demands of the task require integration of both areas. It is thought these areas may therefore

be recruited to compensate for failed frontal integrity, especially in verbal tasks of increasing

difficulty.

The temporal lobes have integral connections to the PFC. Reduced lateral temporal (BA21) activation

during semantic encoding in schizophrenia may reflect poor semantic processing. The increased STG

(BA22) activations are often concomitant with reduced PFC response during verbal memory tasks in

schizophrenia, although the opposite pattern is also reported. This may be a reflection of abnormal

connectivity between these regions. Winterer et al (2003) suggest the relationship between the two

may be reduced during general information processing (negative connectivity), but enhanced rather

than inhibited (as in controls) during maximum activation (positive connectivity). The consistent

implication of the cingulate gyrus, suggests this area may also play a role (possibly

modulatory/attention related) in this network.
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Impaired hippocampal activity during both verbal encoding and retrieval processes in schizophrenia

are consistent with the literature on structural deficits in the MTL in schizophrenia. However,

hippocampal activation across PET and fMRI studies of memory is not always consistent. This is

possibly due to the lower temporal resolution of PET compared to fMRI, and the differences in tasks

administered. The small intervening period between most encoding and retrieval tasks (in order to

reduce time within the scanner) may enable the maintenance online of recently learned material, and

therefore may not be 'long-term memory tasks' in the true sense. Indeed, evidence suggests the

hippocampus may be more integral to tasks requiring conscious retrieval of contextual features, rather

than simple recognition often driven by familiarity based decisions. The PHG on the other hand may

be more important for recognition tasks, but is implicated in both familiarity and recollection

decisions (Eldridge et al 2000). Finally, Fletcher et al have suggested that the absence of

hippocampus involvement in some tasks may be due to the continuous activation of this area

throughout (Fletcher et al 1997).

Finally, attention has been less focused on cerebellar activity during cognition in schizophrenia. This

is possibly due to a lack of clarity over the role of this area in cognition, given that up until recently it

has been considered specific to motor control, and not to higher cognitive processes. Evidence from

recent functional imaging studies does suggest an abnormal response in this area in schizophrenia.

Moreover, it is suggested this may be part of a network with less connectional integrity than that

apparent in controls (i.e. fronto-thalamic cerebellar network). Evidence for reduced thalamic volume

in schizophrenia, and aberrant thalamic functional activation during verbal retrieval tasks, further

supports this theory. Schlosser et al (2003) explored effective connectivity (i.e. regional correlations)

in schizophrenic patients and controls during a verbal working memory task (i.e. n-back). Patients

showed a pattern of reduced connectivity in the PFC-cerebellar and cerebellar-thalamic limbs, and

increased connectivity in the thalamo-cortical limb of the cortico-cerebellar circuit, which may be an

area of compensatory strengthened connections. The lower right VFPFC to right DFPFC, and left

parieto-frontal path coefficients in patients treated with atypical anti-psychotic medication relative to

those medicated with typical anti-psychotics, may in fact imply enhanced functional efficiency in the

former group (i.e. fronto-parietal connectivity was not different between patients and controls, and is a
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feature perhaps of differential responses in the two patient groups and hyperactivity in the typical anti¬

psychotics group to maintain satisfactory performance). Importantly, the cerebellum is now assumed

to play a role in the timely relaying of information to the temporo-parietal and frontal lobes to aid in

memory search and retrieval.

6.5 Aims and hypotheses of investigation 5

6.5.1 Functional MRI of verbal encoding and retrieval in high-risk participants and

controls, using a word classification and recognition task

The brief review of the literature concerning structural brain deficits in schizophrenia details a

diversity of volumetric differences between patients and controls, including frontal and medial

temporal lobe abnormalities. Functional neuroimaging during verbal memory tasks in schizophrenia

has also shown activation deficiencies in fronto-temporal, fronto-parietal and fronto-thalamic-

cerebellar regional brain networks. Although similar deficits may also be apparent in individuals at

enhanced genetic risk for development of the disorder, there are only a few studies and less still have

addressed the functional neuroimaging of unaffected relatives not yet out-with their period of

maximum risk for the development of schizophrenia.

Given the results of our four previous experiments, and our systematic review of memory in relatives

of schizophrenics, we are able to conclude that there are verbal memory deficits in close relatives of

schizophrenic patients, albeit less severe than those apparent in schizophrenia, which could be

considered indicators of vulnerability to schizophrenia. It could also be inferred that deficits partly

arise from the impaired executive control of strategic encoding processes, and retrieval difficulties

precipitated by the impaired reactivation of less efficiently processed material. While there is weak

evidence for early state deficits in relatives of schizophrenics, in some instances there may be a

pattern of slightly reduced performance relative to those high-risk participants without psychotic

symptoms. This suggests that psychotic symptoms do not significantly interfere with

neuropsychological performance. However, it is conceded that the sensitivity of fMRI may enable a

more effective discrimination between those at genetic risk with and without the experience of

psychotic symptoms around the time of scanning.
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To investigate more thoroughly the issue of biological vulnerability to schizophrenia, with respect to

underlying verbal memory processes, an event related fMRI verbal encoding and retrieval task was

used with high-risk participants with one or more first or first and second degree relatives of

schizophrenia patients, with or without isolated psychotic symptoms and healthy controls. This

allowed the direct comparison of these groups in order to analyse independently any trait effects, and

any differential responses which might be attributed to the experience of transient or partial psychotic

symptoms at the time of the scan (mild state effects).

The explicit encoding task was a semantic classification task, which has been used consistently in

studies of verbal memory, both in schizophrenic patients (Curtis et al 1998; Jennings et al 1998) and

in healthy volunteers (Kapur et al 1994). Word processing was therefore additionally facilitated

during the semantic classification (living vs. non living decision) of a limited number of words.

The retrieval task involved the recognition among similar lures, of those words previously presented

during the classification task. Reliable activation differences between old versus new words were

previously shown in blocked design tasks with healthy volunteers, and were interpreted as indicators

of retrieval success (Buckner et al 1998b; Henson et al 1999b). However, later event related fMRI

tasks using the same contrast showed no such differences (Buckner et al 1998a; Schacter et al 1997),

and suggested that the increased prefrontal response reported within blocked design tasks, may be due

to participant 'expectancy', and the predictability of responses within trial blocks. It was also

suggested that differences may be due to a state and not item related effect, or that event related fMRI

was less sensitive to differences between event types (Friston et al 1999b). Subsequent event related

tasks have since shown activation differences for correct old versus correct new word contrasts.

Saykin et al (1999) showed increased right dorsolateral prefrontal cortex response during old relative

to new responses, while Henson et al (1999) showed increased right and left frontal response during

recollected events in a remember/know memory task (Henson et al 1999a; Saykin et al 1999).

Konishi et al (2000) and Kahn et al (2004) also showed increased activation in the left inferior

parietal, left anterior frontal, left thalamic and left precuneus during correct old relative to correct new
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responding (Kahn et al 2004; Konishi et al 2000). Given the nature of this task, it was firstly

hypothesised that all groups would show equivalently high levels of accuracy during both word

classification and episodic retrieval. This would mean that any ensuing differences could be attributed

to a qualitative group difference in the BOLD fMRI response, rather than the demands of the task.

Within the confines of the task therefore, increased BOLD responses in the frontal, temporal, and

parietal lobes and cerebellum, in the high-risk group relative to controls dining the word classification

and episodic retrieval tasks, were hypothesised. This is based on an understanding of the role of these

areas in the support of both encoding and retrieval processing, and previous neuroimaging evidence

for their functional deficiency in schizophrenics and to a lesser extent in their biological relatives.

Reduced activations in patients, particularly in the frontal cortex, tend to reflect impaired cognitive

performance. In this group however, we predicted that enhanced activations might be associated with

increased efforts, especially in order to successfully perform the task.

Any BOLD fMRI response differences between groups could therefore be interpreted as follows: (1) a

reflection of biological brain differences between people with and without a genetic predisposition for

the development of schizophrenia (i.e. trait effect), or between those who are and are not experiencing

transient psychotic symptoms (i.e. state effect); (2) in part related to (1), a reflection of compensatory

biological brain responses due to a functional brain response deficiency, in order to achieve equivalent

performance to the controls, or (3) a reflection of different memory strategy usage between groups

(i.e. semantic or phonological encoding, explicit or implicit recollection, or recognition based on

familiarity).
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Chapter 7: Methodology Investigation 5

7.1 Design

In investigation 5, BOLD functional MRI responses associated with cognitive performance in an

event-related verbal encoding (i.e. word classification task) and retrieval (i.e. recognition of old and

new words) task were measured during a BOLD functional MRI scan in the first one hundred

participants in the EHRS to undergo a scan. Participants were scored on response time and accuracy

during the encoding and retrieval task and scores compared within and between the three groups (C,

HR- & HR+) using one-way ANOVAs and mixed repeated measures ANOVAs. Functional MRI data

were analysed in order to address our hypotheses (outlined in fall in Chapter 6), using fixed and

random effects to identify statistically significant areas of BOLD functional MRI response associated

with word classification responses and correct old and new recognition responses within and between

participant groups.

7.2 Participants

7.2.1 Participant sample

The details of high-risk sample recruitment were previously outlined in 2.1.2. The Edinburgh High

Risk Study (EHRS) initially recruited a potential sample of 162 well individuals with at least one first

or second-degree affected relative, all between the ages of sixteen and twenty-five. Of this number, a

total of 124 participants have had 1 scan and 70 have had two (at the time of writing, June 2004), of

which 96 high risk participants and 28 controls have participated in at least one structural and

functional MRI scan and 53 high-risk and 17 controls in at least two. In order to coincide with a

preliminary analysis of fMRI data using the Hayling Sentence Completion Task, which used the first

one hundred participants to attend for a first fMRI scan, the same first one hundred participants of the

EHRS are included in the functional MRI analyses presented in this thesis. Details of exclusions and

the final numbers included in the analyses are described in chapter 8.

Prior to entering the scanner, participants were required to undergo a consultation with the on duty

Radiographer. Participants were excluded from scanning if they reported a history of head surgery,

injury while working with metal that required medical attention, metal fragments lodged in the head or
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body, or metal implants. Participants with prescriptions for long sight were given spectacles with

lenses approximately equal to their own prescriptions.

7.2.2 Psychopathological assessment

Psychopathological measures were obtained using a 140 item structured psychiatric interview - i.e.

the Present State Examination (Wing et al 1974), which was conducted with participants as far as

possible on the same day as the scan. On average, the PSE was conducted within 17.2 (s.d.=104.8)

days of each scan (range=730 days). This interview was videotaped with permission, and lasted

approximately 1 hour. Based on this examination, a score is derived indicating the presence or

absence of psychotic symptoms (see table 2.1).

Psychotic symptoms were either definite transient delusions and/or hallucinations, or attenuated

psychotic symptoms and/or perceptual distortions, which were questioned and may have been

attributed to the imagination, but not an external source. Such psychotic symptoms are common

within this group, are often reported in normal populations and are therefore not necessarily an

indication of illness (Verdoux and Van Os 2002). Indeed, in the EHRS sample, theses symptoms do

not prevent lull time employment or study. These data formed the basis for our within high-risk

group comparisons, whereby participants are grouped into:

HR+: those manifesting psychotic symptoms around the time of the scan

HR-: those experiencing no psychotic symptoms around the time of the scan

C: none of which experienced psychotic symptoms around the time of the scan

An additional group of six participants in the HR+ group have subsequently developed schizophrenia.

However, at the time of scanning all participants were well. Furthermore, during analysis (i.e. March

2004-June 2004) these diagnoses had not been established (i.e. August 2004), so the six participants

are included in the HR+ group.
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7.3 Materials

7.3.1 Pre-test forms and information

Prior to entering the scanner, participants were asked to read the fMRI study information sheet

(Appendix 5: Figure 5A) and complete informed consent (Appendix 2: Figure 2A) and medical

screening forms (Appendix 5: Figure 5B). Following this, participants were given both verbal and

written instructions (Appendix 5: Figure 5C) for the two behavioural tasks, which would be

administered during scanning.

7.4 Paradigm design

This investigation employed an event related fMRI design to a verbal encoding and retrieval task. One

advantage of this type of experimental design is that it allows for the measurement of neural activity

associated with a specific event, such as individual word presentation, which is afforded by the fact

that separate stimulus events can give rise to a detectable signal (Wilding 2001). This type of design

is conceptually similar to event related potentials, in that the signals evoked by temporally separate

behavioural trials are recorded and then analysed, revealing information about neural activity

associated with a specific event. Event-related or trial based designs therefore mirror the fMRI signal

associated with individual trials, as opposed to trial blocks. Event-related fMRI enables discrete event

analysis and allows for the detection of underlying neural activity associated with inter trial variance

or specific trial based behaviour, such as the accuracy of recognition, or trial type (i.e. living words

versus non-living words). This is a facility not available to block design experiments, due to the fact

that the fMRI signal is averaged across trial blocks, thereby reducing any variance (Jezzard et al

2001).

7.4.1 Averaged response

Event-related fMRI measures the signal evoked by individual behavioural trials combined together

over time, and each individual event is therefore responsible for a fluctuation in the BOLD signal.

The BOLD haemodynamic responses to discrete stimulus events spaced only a few seconds apart

(short inter-stimulus intervals) will overlap, but will remain stable and sum linearly, producing one

combined complex waveform (Donaldson and Buckner 2001). The fMRI signal measured is therefore
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the linear summation of each individual stimulus response. The individual haemodynamic responses

to the same trial types are therefore averaged to produce a representative response for those trials. As

a result it is normally desirable to have at least thirty trials for each event or condition type, in order

that the averaged response is truly reflective of the responses associated with individual trials

(Wilding 2001). Unfortunately, the latency of a signal may vary from one trial to the next, reducing

the amount of information available, or, above all in cases with variable latency across trials, signal

amplitude may vary not due to differences in condition, but because of the variable stimulus

presentation rate. Finally, response averaging could be misleading where responses made on similar

trials are qualitatively different. This is especially pertinent with regard to inaccurate responding in

recognition memory tasks, which in the absence of subjective accounts of the basis for error

commission, could be due to guessing. The average response from incorrect trials may therefore be

attributed in part to the signal associated with guesses and not a failed retrieval attempt (Wilding

2001). It some cases recognition discriminability measures are applied in order to assess the

proportion of inaccurate responses that could be attributed to guessing (Ragland et al 2004). This

artefact could also be controlled by introducing an additional response of'don't know' in forced choice

paradigms, a continuum of confidence judgement decisions, or by removing incorrect response events

from the analysis (Wilding 2001).

7.4.2 Inter Stimulus Interval (ISI)

The overlap of responses in designs using short inter stimulus intervals prevents the haemodynamic

response from returning frilly to baseline between trials, reducing signal modulation and variance. In

addition, the lack of an algorithm enabling identification of the separate contributions to one complex

haemodynamic response means that it is advisable to extend the length of inter stimulus intervals so

that they are greater than the blood flow response time associated with each event (i.e. 7-12

seconds)(Wilding 2001). This therefore optimises the signal to noise ratio by increasing the variance

in the signal. However, conversely, long intervals between stimuli can often lead to low power due to

the reduced number of events that can be presented in that time. Accordingly, inter stimulus intervals

are preferentially variable as opposed to fixed. This means that as the inter stimulus interval

fluctuates across trials, so too does the level of overlap between the BOLD haemodynamic response,
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thus increasing signal variance and the amount of information available for each trial type. Variable

ISIs do engender problems however, especially where participants may not attend to the task at all

times, and where the number of trials which can be presented within a session, will still be reduced

due to time constraints (Wilding 2001). The encoding and retrieval task described in this thesis,

employed a variable ISI (2-10 seconds).

7.4.3 Stimulus Onset Asynchrony (SOA)

Random SOAs remove the confounding effects of anticipation and predictability and have the

additional effect of maintaining the attention of the participant throughout the task. The SOA and the

events it separates will determine at which point on the activation curve the scan will sample. With

random SOAs the ensuing waveform will be irregular (Friston et al 1999b).

7.4.4 Randomisation of trials

Event-related fMRI permits the randomisation of trials within an experiment, unlike blocked designs,

which require the grouping of the same behavioural trials (blocked by experimental condition or type)

(Zarahn E 1997). Trials in this verbal encoding (word classification) and retrieval paradigm were

randomised across participants, i.e. during the word classification task the living word trials were

mixed with non-living word trials, while during word recognition, old word trials were mixed with

new word trials (Dale and Buckner 1997). Event-related fMRI therefore removes the confounding

effect of adaptation, where participants may adopt specific strategies and develop expectations in

response to a predictable grouping of stimulus events, both during and between (in the inter stimulus

interval) trials, in blocked designs. An optimisation programme called Optseq was used to generate

event sequences and fixation durations between each event (Flett 2000). This is a specific tool

responsible for optimising rapid presentation event related stimulus sequences by counterbalancing

trial conditions using the time window and temporal resolution to determine the order

(http://surfer.nmr.mgh.harvard.edu/optseq/. accessed 24th of May 2004). This program is based on

Dale and Buckner's selective averaging procedure, which permitted the estimation of individual

contributions of different trial types overlapping over time (Dale and Buckner 1997). By

counterbalancing trial presentation, all trial types will follow one another equally often. As a result,
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the overlap, which occurs between different yet adjacent trial type responses, will be cancelled out by

subtraction.

7.4.5 Verbal Encoding and Retrieval Task

The encoding and retrieval task was programmed and generated using a program called E-prime

(Copyright 2000 Psychology Software Tools http://pstnet.com') and is developed to include the

Integrated Functional Imaging System (IFIS) software tool, that is responsible for synchronising the

data presentation and recording with the MRI scanner timing. The version of the verbal memory

paradigm that was employed in this investigation was originally designed and piloted in 1999 by

Enrico Simmonotto, Susanna Flett and colleagues (Flett 2000). Pilot data based on a preliminary

analysis of 27 high-risk and 6 control participants can be found in detail elsewhere (Human Brain

Mapping 2001 poster & MSC thesis).

7.4.6 Experimental stimuli

The stimuli that were used in the verbal memory paradigm presented in the scanner were eighty three

different words (i.e. eleven words were used for practice sessions and seventy two for the

experimental tasks) of high imageability (at least 590 on a scale of 100-700) (Flett 2000), matched

across categories for word length (number of letters), concreteness (i.e. on a scale of 100-700),

syntactic category (i.e. nouns) and frequency in the English language (based on Celex written

frequency) and could be classified as either living or non-living objects

(MRC Psycholinguistics database: http://www.psy.uwa.edu.au/mrcdatabase/mrc2.html). No

ambiguous word categories, such as fruit or body parts were included. Stimuli were presented for two

seconds in thirty-six pt Times New Roman font, black on white screen. A list of stimuli used is

presented in Table 7.1.
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Table 7.1: Task Stimuli

Classification words Distractor words

Living Non-living Living Non-living
Chicken

(PRACTICE 1)

Computer

(PRACTICE 1)

Deer

(PRACTICE 2)

Lamp

(PRACTICE 2)

Ostrich

(PRACTICE 1)

Fence

(PRACTICE 1)

Shark

(PRACTICE 2)

Piano

(PRACTICE 2)

Wolf

(PRACTICE 1)

Pram

(PRACTICE 1)

Tent

(PRACTICE 2)

Ant Balloon Bee Axe

Cat Barrel Butterfly Brush

Caterpillar Bus Camel Button

Cow Chisel Dog Candle

Crab Desk Donkey Cup

Fox Flag Fish Drum

Giraffe Flute Goat Key

Hamster Glove Kangaroo Needle

Horse Jug Lobster Pliers

Lion Kettle Owl Shawl

Monkey Peg Peacock Stool

Mouse Plug Pig Tie

Penguin Purse Rabbit Toaster

Racoon Rocket Seahorse Torch

Snake Spanner Sheep Towel

Spider Spoon Snail Tractor

Tiger Sword Swan Vase

Zebra Trumpet Whale Waistcoat

36 studied words 36 unstudied words

Note: 36 classification words presented at encoding and recognition; 36 distractor words only

presented at recognition

7.5 Procedure

7.5.1 Pre-test briefing

As described in 7.3.1, prior to entering the scanner, participants were asked to complete consent and

medical screening forms and given verbal and written instructions for the two behavioural tasks (the

Verbal Encoding and Retrieval Task and the Hayling Sentence Completion Test) which would be

administered during scanning. Participants were asked to minimise movement and not to speak

during scanning. They were also informed that in the event of wanting to leave the scanner, they

should press all five buttons on their keypad and scanning would be aborted.
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7.5.2 Scanning protocol

Participants lay on the scanner bed and a five-button keypad (with a button corresponding to each

finger) was strapped to the dominant hand. Earphones were placed over their ears and a 15x15

centimetre computer screen was positioned approximately thirty centimetres above their heads.

Radiographers obtained T1 and T2 weighted structural images followed by a functional pre-scan,

which lasted approximately 2 minutes, prior to the presentation of the first behavioural task

instructions on the screen (Appendix 5: Figure 5C). After completion of the first functional MRI

Hayling Sentence Completion task (approximately 13 minutes), instructions were presented for the

verbal memory task and a functional pre-scan was run during the first practise task for verbal memory

word classification/encoding task. A third functional pre-scan was also run during the second practice

task for the verbal memory retrieval task.

7.5.3 Task procedure

7.5.3.1 Hayling Sentence Completion Task

While in the scanner, participants were shown a series of sentences with the last word missing and

asked to silently think of an appropriate word to complete the sentence and then press a button on the

handset once they had done so. This was a blocked parametric paradigm design, with four blocks of

sentences, each block differing from the other in level of difficulty/constraint and flanked by rest

periods consisting of a black screen with white circles.

7.5.3.2 Verbal Encoding and Retrieval Task: Practice task 1

Following the on-screen instructions participants were presented with 6 words (see table 7.1). A

fixation cross hair was presented for 1.5 seconds (i.e. inter stimulus interval) following presentation of

each word for 2 seconds (i.e. stimulus duration). Responses could be made at any time during the

presentation of the stimuli and the subsequent fixation, by pressing a button on a keypad strapped to

participants' dominant hand. Participants were asked to classify words as either living or non-living,

by pressing the thumb or index finger button on their keypad. Performance feedback was visually

presented for 1.5 seconds, 'correct' in blue font and 'incorrect' in red font, after each response. This
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feedback was restricted to the practice tasks only, to ensure participants had understood the

instructions and were pressing the correct buttons.

7.5.3.3 Task 1: Encoding (Living/Non-living word classification task)

Immediately following the practice task 1, participants were presented with instructions again, for the

actual task. The 36 words were presented randomly, with 18 words referring to living things and 18 to

non-living things (see table 7.1). A fixation cross hair was presented for a variable duration of 2-10

seconds following the presentation of each word for 2 seconds. Responses could be made at any time

during the presentation of the stimuli and the subsequent fixation, by pressing a button on a keypad.

Participants were required to group words as either living or non-living objects by pressing a button

and could respond at any time during the presentation of the stimuli and the subsequent fixation. The

Task duration was 3.3 minutes/200 seconds. There was a brief delay of approximately a minute while

the second practice task was set up with IFIS.

7.5.3.4 Practice task 2

Following instructions, participants were presented with 10 words, 5 of which had been presented in

the previous practice task (old words) and 5 matched lures (new words). A fixation cross hair was

presented for 1.5 seconds following presentation of each word for 2 seconds. Responses could be

made at any time during the presentation of the stimuli and the subsequent fixation period by pressing

a button on the keypad. Participants were asked to make an old/ new recognition decision based on

whether or not they believed they had viewed the word in practice task 1, by pressing the thumb/index

finger button on their keypad. Performance feedback was presented again as in practice task. This

lasted approximately 1 minute.

7.5.3.5 Task 2: Recognition task

Immediately following the practice, participants were presented with instructions for the actual task.

In the actual task, lasting 6.6 minutes/ 400 seconds, participants were presented with 72 words; the

same 36 words presented in Task 1 (i.e. old words), intermixed with 36 matched lures (i.e. new

words). Again, a fixation cross hair was presented for a variable duration of 2-10 seconds following
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the presentation of each word for 2 seconds. Responses could be made at any time during the

presentation of the stimuli and the subsequent fixation period, by pressing a button on the keypad.

Participants were required to make an old/new recognition decision based on whether or not they had

previously viewed the word in the classification task, by pressing a button. Participants could respond

at any time during the presentation of the stimuli and the subsequent fixation.

7.5.3.6 Post test Briefing

Following scanning, participants were given a seat and asked to complete a post-test briefing form.

This was to ensure that participants had understood the task and to ascertain their subjective

perception of performance during the task. It also enabled us to immediately identify any sources of

problems with individual behavioural results or within scanner artefact (i.e. movement) (Appendix 5:

Figure 5D).

7.6 Data Acquisition

7.6.1 Structural Scans

MRI data was acquired on a 1.5 Tesla Magnetom Signa General Electric (GE) scanner at the Brain

Imaging Research Centre (BIRC) for Scotland at the Western General Infirmary in Edinburgh.

Following a localiser scan and T2 (spin echo sequence) weighted structural scan, structural data were

also acquired using the Magnetisation Prepared Rapid Acquisition Gradient Echo (MPRAGE)

sequence, consisting of a 180 degree inversion pulse with a Fast low angle shot (FLASH) collection

(i.e. flip angle=15 degrees, TR=10ms, TE=4ms, TI=600ms, relaxation delay=200ms, field of

view=22cm, matrix=256xl92). The ensuing 128 contiguous coronal slices were 3 dimensional with a

slice thickness of 1,7mm and an in plane resolution of 1 mm. The gradients had a maximum strength

of 23mT/m, and a slew rate of 120T/m/s. This lasted for approximately 7 minutes 15 seconds.

7.6.2 Functional Scans

Functional images were collected using a Gradient Echo Planar Imaging sequence (EPI), a fast

acquisition allowing activation response to short stimuli to be detected (i.e. flip angle 90 degrees,

TR=2s, TE=4Qms, field of view=22x22cm, matrix=64x64 pixels, pixel size=3.4x3.4mm, slice
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thickness=5mm with no gap between slices, single shot). Twenty-four contiguous axial (horizontal)

slices were collected at an oblique (slanting) angle aligned with the anterior commissure (AC)

/posterior commissure (PC) line, moving from the bottom of the brain and up (ascending) (per

volume/image). This slant was originally incorporated in order to allow for the imaging of the

hippocampus, because the medial temporal lobes are considered important for verbal memory

processing.

Data were acquired during 2 sessions (encoding and retrieval), consisting of 100 volumes for the first

session and 200 volumes for the second session (repetition time (TR) 2seconds/volume). To allow for

equilibration effects, the first 4 image acquisitions were discarded, resulting in an onset delay of 8

seconds.

7.7 Data Analysis

7.7.1 Behavioural Data Analysis

Behavioural responses and associated parameters were logged in a data file using E-Data Aid (Edat)

function within the Eprime suite of programmes (E-Prime 2000). Ensuing Edat files for each

participant were then exported to 'Excel' for further analysis. Parameters, which were relevant to the

event related analysis (i.e. radio frequency pulse start time, disacquisition time, stimulus onset time,

correct response (i.e. l=correct and 2=incorrect), response given (i.e. l=yes or 2=no) and stimulus

reaction time (msecs)), were copied into a separate text file in Excel for each participant. Behavioural

data were then analysed using SPSS (version 11). All data was analysed using the Statistical Package

for the Social Sciences (SPSS, version 11). Normailty of distributions was assessed using the

Kolmogorov-Smimov test, and homogeneity of variance using the Levene's test (see Appendix 6:

Tables 6K and 6L). Mean response accuracy and reaction time for encoding and retrieval were

compared between participant groups using one-way ANOVAs. Differences between participant

groups in the number of and reaction time for discrete response events were investigated using mixed

repeated measures ANOVAs (Note: p values presented with 1 decimal place were rounded up to the

nearest whole number).

243



7.7.1.1 Terminology

For the purposes of future discussion, 'encoding' refers to the word classification task, during which

words to be re-presented in the recognition task were processed. 'Old' and 'recognition' refer to the

classification of words as having been seen before, while 'New1 and 'rejection' refer to words that are

classified as not having been seen before. 'Correct recognition', 'true positives' and 'correct old' refer

to words correctly identified as having been seen before, while 'Correct new', 'true negatives' and

'correct rejections' refer to words correctly identified as not having been seen before. 'Incorrect

recognition', 'false positives' and 'incorrect old' refer to words wrongly identified as having been seen

before, while 'Incorrect new1, 'false negatives' and 'incorrect rejections' refer to words wrongly

identified as not having been seen before.

7.7.2 Imaging Data Reconstruction

Raw EPI images were reconstructed offline to ANALYZE format (Mayo Foundation, Rochester, MN,

USA, The Mayo Clinic http://www.mayo.edu/bir/1. Origins were set at the AC-PC basal brain line

passing through the superior edge of the anterior commissure and the inferior edge of the posterior

commissure, dividing the thalamic from the sub-thalamic region (Talairach and Tournoux 1988).

7.7.3 Imaging Data Analysis

Imaging data was analysed using the software package Statistical Parametric Mapping

(http://www.fil.ion.ucl.ac.uk/spm/) (Friston 1995), running in matlab 6.5.1 (The Math Works, Natick,

MA, USA)(Gourovitch et al 1996). All analyses were performed in SPM'99 (pre-processing, 1st and

2nd level analysis fixed effects model) and SPM2 (2nd level analysis random effects model).

7.7.3.1 Pre-processing

Pre-processing was carried out using prepared batch scripts on SPM'99 (Enrico Simmonotto). Data

pre-processed using SPM99 can be analysed in SPM2, because image files are compatible with both

SPM versions (Gitelman, D; SPM@JISCMAIL.AC.UK; 12th March 2003). Pre-processing involves

temporal and spatial realignment, spatial normalisation, and smoothing, which are described in more

detail below.
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7.7.3.2 Temporal & Spatial Realignment

To correct for different acquisition times between slices, a slice timing procedure was applied and the

signal measured in each slice was shifted relative to the acquisition of the first slice using a Fast

Fourier Transform interpolation. Additionally, for each participant, all EPI volumes were realigned to

the first scan in the series using rigid body transformations. This estimates a set of six parameters of

rigid body transformation, with three translations and three rotations about orthogonal axes, which

minimise the mean squared difference between each scan and the first scan (Jezzard et al 2001). This

was necessary to co-register images of the same subject together and to correct for individual

participant movement during acquisition. Participants were excluded if movement in either x, y or z

exceeded 3mm.

7.7.3.3 Spatial Normalisation

Each volume was then normalised to a standard SPM'99 EPI template volume using linear afifine

transformations (registering images into the same co-ordinate system) followed by non-linear

deformations (to correct for gross differences in head shapes).

7.7.3.4 Smoothing

After normalisation, volumes were spatially smoothed with an 8x8x8 cubic mm full width half

maximum (FWHM) gaussian filter, to reduce spatial noise (homologous regions in different brains are

not registered fully in spatial normalisation and smoothing further reduces inter-participant

discrepancy). Finally, a high pass filter with a cut off of 150 seconds was applied to the data to

remove low frequency drift in the signal (during statistical analysis).

7.8 Image analysis

7.8.1 Fixed and Random effects

A fixed effects analysis is traditionally associated with case studies in individual participants or in

groups with less than twelve participants, in order that an effect observed can be repeated in another

participant. This type of analysis permits you to infer typical responses for that group. A fixed effects
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analysis however, assumes that all participants within a group activate to the same extent and the

effect size is averaged across participants. It therefore considers only within session variability (i.e.

the error related to the task sessions) and statistical inferences are drawn from the effect size relative

to the within participant variability. Results are therefore normally highly significant because the

degrees of freedom are related to the number of scans across all participants. However, it is a limiting

method in that the effect size may be driven by the activations of only a few participants and results

can therefore be generalised only to that sample and not to the population as a whole. Fixed effects

form the basis of the 1st level of the group analyses (Friston et al 1999a; Jezzard et al 2001; Penny and

Holmes 2003).

A random (mixed) effects (or 'second level') analysis, on the other hand, takes into consideration both

within (scan to scan) and between (participant to participant) session variance, where the expression

of variability in activation between participants is modelled as a random factor (Friston et al 1999a).

Individual t values for individual participant contrasts are reduced in value where the underlying

variance across the participant's scans is high. One observation per participant per condition or

individual contrast of parameter estimates from the first level analysis is entered into the second level

analysis. Contrast images for each participant represent 'spatially distributed images of the weighted

sum of parameter estimates for a specific contrast. This type of model makes fewer assumptions about

the data therefore allowing the generalisation of the results from a single experimental sample to the

population from which it was derived. The compromise is found in the more conservative, less

sensitive results derived from a random effects analysis, because the error of the effect is calculated

from the independent sessions, reducing the degrees of freedom. More participants therefore increase

the chances of more robust statistical results (Friston et al 1999a; Jezzard et al 2001; Penny and

Holmes 2003). Subsequently, differences in both the size and the pattern of BOLD fMRI responses

between fixed and random effects analyses were expected.

7.8.2 General Linear Model

Using the General Linear statistical model, variability in the data is explained by the linear (additive

or gaussian) combination of the predictor variables plus an error term (Y is the data, j represents
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individual observations, Beta is the slope of the line, x is the predictor variable, c is the line intercept

and E is the remaining error): Y (j) = beta*x (j) + c + E (j)

This formula can be expressed in the design matrix (X), where data from multiple subjects (for fixed

effects) or single subjects (for random effects) is combined into a single column vector Y (response

variable/data matrix), with each row representing an independent observation. Individual columns of

the design matrix represent each model parameter (B) (predictor variable/parameter matrix) and error

(E) (Error matrix), which may have an effect on the response variable: Y = X * B + E

Using the F test (ANOVA), one can test the null hypothesis that all estimates are zero or for a contrast

test the null hypothesis that there is no linear relationship using the SPM 'T' statistic (i.e. assume a

linear relationship between voxel value and effect of interest). This divides the contrast of parameter

estimates by the standard error of that contrast to address the question whether given the error in these

observations; the estimate of the slope would have arisen by chance fhttp://www.mrc-

cbu.cam.ac.uk/hnagins/Common/ accessed June 10th 2004).

7.8.3 SPM

Single subject first level and random effects second level analyses for encoding and retrieval were

computed in SPM'99 and repeated in SPM2, in order to remain up to date with changes in the

software.

SPM2 is an updated version of SPM software with structural, theoretical, and algorithmic

improvements on the previous versions. For example, for the estimation of model parameters, SPM2

now uses restricted maximum likelihood (ReML) estimates of variance components, instead of

ordinary least squares estimators, allowing for i.i.d (identically and independently distributed errors)

assumption departures (i.e. non-sphericity). Non-sphericiy estimates are then used to create maximum

likelihood (ML) estimates using weighted least squares (WLS) (http://fil.ion.ucl.ac.uk/spm). Non-

sphericity can be attributable to serial correlations in fMRI data, or hereoscedasticity. For parameter

inference in SPM2, p values are adjusted to protect against family wise false positives across the

search volume using a gaussian field correction. P values are also provided based on the false

discovery rate (FDR), that for a given threshold, a proportion of supra-threshold voxels will be false
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positives. For the computation of ANOVAs in SPM2, the following selections were made: yes to

non-sphericity correction; yes to replication across three groups; no to correlated repeated measures.

Given that the data analysis differs in SPM2 from that in SPM'99 (e.g. filtering in time is computed

differently between the two versions), it was not considered appropriate to correct for multiple

comparisons. An additional advantage of this re-analysis however, was the increased sensitivity of

SPM2, which could improve detection of BOLD fMRI response differences between groups. There is

currently a deficit in the literature comparing large data samples on SPM2 and SPM'99. However,

Keihl and colleagues at Yale University reported that a comparison of the analyses of 20 participants

on an fMRI auditory oddball task, between SPM'99 and SPM2, showed a 10-15% increase in

individual and group T scores on SPM2 (Kiehl, K.A; SPM@JISCMAIL.AC.UK: 14th March, 2003).

7.8.3.1 First level and second level analyses

Using SPM'99, both encoding and retrieval single subject first level analyses and multiple subject

second level fixed effects analyses were run by means of batch scripts adapted from Friston (1999) by

Enrico Simonotto. Random effects within and between group analyses were then calculated by

manually entering individual contrast images (representing the weighted sum of the parameter

estimates) into one sample t-tests and one-way ANOVAs, followed by post-hoc between group

comparisons.

In order to achieve consistency, it was considered pertinent to additionally rerun the multiple subject

fixed effects analysis on SPM2. However, given the size of this data set (89 participants) and the

magnitude of a multiple subject fixed effects analysis, this was not successfully recomputed for the

encoding or retrieval analyses. Only the results of the random effects analyses calculated using SPM2

have been presented in this thesis (Note: data from the fixed effects analyses as calculated using

SPM'99 is also available on request, and where pertinent to our results interpretation, we have referred

to the results of the between groups fixed effects analysis).
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7.8.4 Encoding

The main factor of interest during the word classification task was the BOLD fMRI response

associated with the processing of the words presented. Given that this was a word classification task,

word processing would also be accompanied by the retrieval of semantic information associated with

the words presented, in order to aid in the selection of an appropriate response (i.e. is this living or

non-living?). Due to a high level of accuracy on this task, all events were included and all items were

treated as equal and entered into a single regressor model. The single regressor was obtained by

convolving a canonical haemodynamic response function with a vector of the onset times. Head

movement was introduced as a further regressor, in order to model movement related residual

variance. First level contrast parameter estimate images for each individual participant (encoding >

baseline experimental activation; baseline experimental activation > encoding) were computed and

manually entered into a second level random effects analysis to examine activations within groups

(one sample t-tests) and activation differences between groups (one-way ANOVAs). ANOVAs were

followed by post hoc t-tests, to examine differences between each of the three groups (i.e. HR+, HR-

and C). In order to address our apriori hypotheses, the maximum number of post-hoc two sample t-

tests was computed. This allowed us to compare the control group with the high-risk group to

determine possible 'trait' effects (i.e. HR ( as a whole), and HR- and HR+ independently > or < C, but

HR- = HR+), and the control group and high-risk participants without symptoms to those with

psychotic symptoms to elucidate any response differences which could be attributed to the presence of

psychotic symptoms or 'state' effects (i.e. C & HR- > or < HR+).

7.8.5 Retrieval

7.8.5.1 Old vs. new

Our first contrast of interest was the comparison of retrieval events (both correct and incorrect) where

words were identified as old (recognition) with events where words were identified as new (rejection).

Three classes of events (i.e. old, new and no responses) were entered into a three-regressor model,

with head movement as an additional regressor to model movement related residual variance. First

level contrast parameter estimate images for each individual participant (old > new; new > old) were

computed and manually entered into a second level random effects analysis to calculate activations
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within groups (one sample t-test) and activation differences between groups (one-way ANOVAs).

Post-hoc two sample t-tests were computed to explore activation differences between each of the three

groups (i.e. HR+, HR- and Controls). It would have been of interest to look at the difference in

response between successfully and unsuccessfully encoded items by computing the contrast of correct

old versus incorrect new items. However, there were too few false negative responses to allow for

computation of this contrast.

7.8.5.2 Correct old and correct new

Incorrect responses were not investigated separately in these analyses. This was partly due to the

number of incorrect events, which precluded analysis following a division of events into false

positives and false negatives. This also had the added advantage of removing any confound which

could be associated with differences in behavioural task performance, e.g. unknown reasons for error

commission and guessing. Similarly, some evidence suggests that the neural correlates associated with

true and false recognition activate the same or overlapping areas of the brain (Heun et al 2004;

Schacter et al 1997). Although Heun et al (2004) showed overlapping activations for true and false

recognition, they also reported greater medial parieto-occipital activation for hits, and greater lateral

parieto-occipital activation for false alarms. The analysis therefore focused on those activations

associated with correct responses only. Three classes of events (i.e. correct old, correct new and

errors (incorrect and no responses)) were entered into a three-regressor model. Head movement was

again included as an additional regressor. First level contrast parameter estimate images for each

individual participant (correct old events vs. baseline experimental activation, correct new events vs.

baseline experimental activation, and correct old events vs. correct new events) were also computed

and manually entered into a second level random effects analysis to examine within group activations

(one sample t-tests) and activation differences between groups (one-way ANOVAs). In the same way

as above, one-way ANOVAs were followed by post hoc two sample t-tests, to explore differences

between each of the three groups (i.e. HR+, HR- and Controls).
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7.8.6 Localisation of functional activation

SPM generates statistical output, which maps activations with respect to Montreal Neurological

Institute (MNI) coordinate system. As with other atlases of the human brain this system maps regions

of the brain with respect to their locations in 3D space (i.e. x,y,z dimensions). The MNI output

coordinates were converted to standard Talairach space, using a non-linear conversion

(http://www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html). The relevant coordinates were entered into

the Talairach daemon database and were also checked manually on the Talairach/Tournoux Co-Planar

Stereotaxic Atlas of the Human Brain (Talairach and Toumoux 1988). MNI & Talairach coordinates

estimated brain regions and Brodmann areas have been included in the results tables.

7.8.7 Presentation of results

The results of the random effects analysis for within and between group contrasts are presented in

Appendix 6: Tables 6A-6.J. Where the between group contrasts have shown a clear difference

between fixed and random effects results, the fixed effects between group results have also been

discussed. Height thresholds of p<0.001 (uncorrected for multiple comparisons) were applied to

statistical parametric maps for fixed and random effects results. The Brodmann area of significant

cluster activation (i.e. BA), the number of voxels within clusters of significant activation (i.e. Ke), the

Z statistic for that cluster (i.e. Z), and the cluster level p values (i.e. corrected or uncorrected for

multiple comparisons), are noted within the text and in the tables (Appendix 6: Tables 6A-6J). Peak

maxima for clusters reported are detailed in the tables. P values noted within the text are corrected for

multiple comparisons unless otherwise stated. However, given that results presented are based on a

conservative random effects analysis (with a low number of events), and a threshold of p<0.001,

uncorrected values have also been presented where corrected values in regions predicted to be of

interest, did not achieve significance. Where uncorrected p values are presented in the text, they are

preceded by the corrected p value for that cluster.

For within group comparisons, increases describe areas of significantly greater activation in one

condition (i.e. A) relative to another (i.e. B). For the same contrast, decreases describe areas of

significantly less activation in condition A relative to B (or alternatively, greater activation in the latter
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B condition relative to the former condition A). For between group contrasts, it is appreciated that, for

example, group C > group D, in condition A > condition B, will be the same for the reverse contrast

(i.e. group D > group C, in condition B > condition A) (Laurienti, P.; SPM@JISCMAIL.AC.UK.; 24th

June 2004). The reverse contrasts were also computed, but have not been presented. Due to the

number of two-sample post-hoc t-tests, for ease of reporting, C >HR, C > HR- & C > HR+ will be

reported under 'C vs. HR'. HR > C, HR- > C & HR+ > C will be reported under 'HR vs. C'. HR- >

HR+ & HR+ > HR- will be reported under 'HR- vs. HR+'.
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Chapter 8: Results of Investigation 5

8.1 Participant demographic characteristics

Twenty-seven high-risk participants presented with transient or isolated psychotic symptoms at the

time of the first scan (HR+). Of this group, there were 13 males and 14 females with a mean age of

25.1 years (s.d. = 3.1). 41 participants exhibited no psychotic symptoms (HR-) and in this group there

were 17 males and 24 females with a mean age of 26.6 years (s.d. = 3.3). There were 21 healthy

controls (C), of which 13 were male and 8 were female, with a mean age of 26.8 years (s.d. = 2.7).

There was a trend for a significant difference in mean age between groups (F (2> 88) =2.5, p=0.09).

However, age was not controlled for in this sample for either the behavioural or functional MRI data

analysis. It was thought a reasonable course of action not to control for participant age given that age

related memory deficits are not generally apparent in this age group and are more common in

individuals over the age of forty-five years (Parkin 1993). With the exception of the trend towards a

significant difference in mean age, the participant groups were suitably balanced for handedness,

gender, WAIS- R full scale IQ and NART estimated full scale IQ (Table 8.1).

Table 8.1: Participant demographic characteristics

C

(N=21)

HR-

(N=41)

HR+

(N=27)

Test Statistic P

Mean age at scan: (SD) 26.8 (2.7) 26.6 (3.3) 25.1 (3.1) F = 2.5 a 0.09

Gender 13M: 8F 18M: 23F 13M: 14F X2 =2.3" 0.30

Hand- L: R: M* 2: 17: 1 3:37: 1 3:22:2 XM.30' 0.85

WAIS-RFSIQ: (SD) 107.5 (12.5) 103.5(14.5) 99.4(12.7) F = 2.0a 0.14

NART FS1Q: (SD) 102.8(9.4) 102.1 (8.4) 97.9(10.8) F = 1.9" 0.19

*

Annett Handedness Inventory

8.1.1.1 Excluded participants

Eleven participants were excluded from the overall analysis, for a number of reasons. Five of the first

one hundred participants who attended declined to be scanned. A further six participants were
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excluded from the image analysis, two were excluded due to loss of behavioural data, two due to

minor vascular abnormalities and two due to excessive movement (i.e. >3mm spilco in either x, y or z).

Scanning data are therefore presented on 89 participants (68 high risk participants and 21 controls).

8.2 Behavioural performance

The performance of the 3 groups on the encoding and retrieval task is shown in tables 5.2-5.5. For all

participant groups more than 97% of responses given during encoding (C: 98.3%, HR-: 97.7%, HR+:

97.2%), and over 70% of responses given during retrieval (C: 71.3%, HR-: 74%, HR+: 71.6%) were

correct. A series of one-way ANOVAs revealed no significant main effects of group in the number of

correct classification responses (F (2,88)= 0.49, p = 0.61) or reaction times (F (2> 88) = 0-26 p = 0.77)

during encoding. While ANOVAs are considered robust enough to deal with any deviations from

normality in distributions, especially where there is homogeneity of variance between groups (Miller

1996), Kruskal Wallis non-parametric tests were also used to investigate differences between groups

in the word classification data. There were no significant differences between groups in the number

of correct classification responses (%2 =2.5 (2), p=0.28) or reaction times (%2 =3.1 (2), p=0.21).

Similarly, there were no significant differences between groups in the number of correct responses (F

(2,88) = 0.43, p = 0.65) or reaction times (F (2,88) = 0.35, p = 0.70) during the recognition task. All

groups therefore performed well above chance and were equivalent in both accuracy and speed during

the encoding and retrieval tasks (see tables 8.2 & 8.3).

Table 8.2: Mean performance scores and reaction timesfor the encoding condition

Participants No Incorrect Correct Total Encoding RT (msecs)

(N=89) Response Response Response No.

Recorded

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

C 0.1 0.5 35.4 36 928.4

(0.6) (1.2) (1.2) (458.6)

HR- 0.1 0.7 35.2 36 1002.8

(0.8) (1.1) (1.1) (353.4)

HR + 0.1 0.9 35.0 36 1005.5

(0.3) (1.4) (1.4) (420.1)
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Table 8.3: Mean performance scores and reaction timesfor the retrieval condition

Participants No Incorrect Correct Total Retrieval RT (msec)

(N=89) Response Response Response No.

Recorded

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

C 6.2 14.5 51.3 72 1321.6

(6.9) (4.8) (10.6) (385.1)

HR- 5.1 13.5 53.3 72 1254.1

(6.9) (4.6) (9.1) (338.8)

HR + 5.1 15.2 51.6 72 1313.2

(4.5) (5.7) (8.5) (353.2)

8.2.1 Old versus new responses

The results of the mixed repeated measures ANOVA showed a main effect of response type across

groups (F (i; 86) = 5.5 p<0.05), with groups making more new than old responses. From the means

however, this appears mainly attributable to the responding tendency in the high-risk group, rather

than the controls (see table 8.4). There was no main effect of group (F (1> 86) = 0.23 p = 0.79), and no

group by response type interaction (F (i; 86) = 1.66, p = 0.19), suggesting no significant differential

number of responses made by any one group. There was a trend for a significant correlation between

old and new events for the control group (r = -0.4, p = 0.06) and a significant correlation between the

two in FIR- (r = -0.4, p<0.005) and HR+ groups (r = -0.8, pO.001).

Table 8.4: Mean number ofold and new responses in the high-risk and control groups

Participants

(N=89)

C HR- HR+ Main effect response type Main effect group Response
XX

group

Mean (SD) Mean (SD) Mean (SD) F F F

Old

Response

32.9 (6.7) 30.5 (6.6) 31.6(6.6) 5.5" 0.2 1.7

New

Response

32.8 (6.2) 36.3 (6.6) 35.3 (8.0)

p < 0.05
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8.2.2 Incorrect old and incorrect new response numbers

Repeated measures mixed ANOVA showed no significant main effect of response type for incorrect

events (incorrect old and incorrect new) (F (i, 86) = 2.39 p=0.13), main effect of group F (1> 86) = 0.95,

p=0.39), or group by response type interaction (F (2,86) = 2.09 p=0.13), suggesting that all groups made

a similar number of incorrect recognition and rejection responses (see table 8.5). However,

interestingly, group means show controls to make slightly more incorrect old than incorrect new

responses, the opposite to the pattern seen in the high-risk group. There were no significant

correlations between incorrect old and incorrect new responses within groups.

Table 8.5: Mean number of incorrect and correct old and new events

No. Incorrect No. Incorrect No. Correct No. Correct

old new old new

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

c 7.6 6.9 25.3 25.9

(3.2) (4.5) (6.0) (5.7)

HR- 5.5 8.1 25.1 28.2

(3.1) (4.1) (5.7) (6.1)
HR + 7.0 8.2 24.6 27.0

(3.9) (4.9) (5.5) (5.9)

8.2.3 Incorrect and Correct Reaction Times

The results of the mixed repeated measures ANOVA showed there was a main effect of response time

for event type across groups (F (i_ 86) = 15.1, p<0.001), and response times for correct events were

significantly slower than those for incorrect events (mean diff = 126.4 (s.e. = 32.5), p<0.001). There

was no significant main effect of group (F (2> 86) = 0.27, p=0.76), suggesting that overall, participant

groups were not significantly different for response times during the retrieval condition. There was

also no significant group by response time interaction (F (2_ 86) = 2.4 p=0.096), suggesting that groups

did not have differential response times for correct and incorrect retrieval events (see table 8.6).
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Table 8.6: Means for correct and incorrect retrieval reaction times and results of mixed repeated

measures ANO VA

C H It- HR+ Main effect RT Main effect

group

RT type X

group

Mean

(SD)

Mean (SD) Mean

(SD)

F F F

Correct

RT (msecs)

1307.8 (373.5) 1226.9(344.3) 1245.6 (338.1) 15.1 " 0.3 2.4

Incorrect

RT (msecs)

108.0.8(198.9) 1113.6 (379.3) 1206.8 (319.8)

p <0.001 _

8.2.4 Correct old and correct new response numbers

Repeated measures mixed ANOVA showed a significant main effect of response type for correct

events (correct old and correct new) (F (]i 86) = 8.1 p=0.006), with a greater number of correct new

responses than correct old responses made across all participants (mean diff =2.1, s.e. = 0.7). There

was however, no significant main effect of group (F (2>86) = 0.4, p=0.65), or group by response type

interaction (F (2,86) = 1 0, p=0.36), suggesting that there was no differential number of responses made

for either response type in any one group (see table 8.5 and figure 8.1). Correct old and correct new

responses were significantly correlated in the control (r = 0.6, p <0.005) and HR- groups (r = 0.3, p

<0.05), but not in the HR+ group (r = 0.1, p = 0.6).
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Figure 8.1: Number of correct old and correct new events
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correct old response correct new response

8.2.5 Correct old and correct new reaction times

The results of the mixed repeated measures ANOVA showed there was a significant within group

effect of reaction time (F ()i 86) = 5.0 p<0.05), with reaction times for correct old events faster than

those for correct new events across participants (mean diff= 43.5, s.e. =19.4). However, there was no

significant main effect of group (F(i, 86) = 0.33 p=0.72), or group by reaction time interaction (F(i, 86)=

1.4, p=0.25), suggesting that groups were not differential in speed overall or during different event

types (see table 8.7). The pattern of means does show there to be a bigger difference between correct

old and correct new event reaction times in the HR+ than in either the FIR- and controls, although this

difference is not statistically significant (figure 8.2).
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Table 8.7: Mean correct old and correct new reaction times

C HR- HR+ Main effect

RT

Main effect

group

RT type X

group

Mean

(SD)

Mean (SD) Mean

(SD)

F F F

Correct old

RT (msecs)

1292.0 (350.5) 1217.9 (363.4) 1222.6(358.1) 5.01 0.3 1.4

Correct new RT

(msecs)

1312.8 (381.7) 1238.6(338.7) 1311.7 (368.6)

■

p< 0.05

Figure 8.2: Reaction times for correct old and correct new events

Correct old RT Correct new RT

8.3 Summary of behavioural results

Importantly all groups performed well above chance and were broadly equivalent in accuracy and in

speed during the encoding and retrieval tasks. Observed differences in BOLD fMRI response are

therefore unlikely to be attributed to differences in task performance.

Two measures of recognition performance were not computed e.g. recognition discriminability (i.e.

recognition accuracy-a high score indicating normal recognition of targets and rejection of distractors,

and a low score indicating high recognition of targets plus increased false positives, or low

recognition of targets and low false positives) and response bias (reflects bias for yes or no
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responding). It was decided that mean performance scores in a task where accuracy was expected to

be high, would adequately describe any performance differences between groups.

Although not statistically significant, the means do suggest subtle differences in the numbers of

discrete response events and event response times between groups. For example, the high-risk group

did not make significantly less correct old responses than controls, so that they are still able to

recognise previously presented targets. However, high-risk participants showed a non-significantly

greater predilection for new over old responses, which is less pronounced in the control group, a

similar pattern to that reported by Ragland et al (2004) in schizophrenics during a functional MRI

verbal recognition task (Ragland et al 2004).

Unfortunately, without a subjective account of the basis for participants' responses, we can only

tentatively speculate as to the mechanisms underlying these subtle differences. This pattern is

somewhat consistent with our investigation of the same group during visual recognition, where a

significantly fewer number of true positives were made in the high-risk group relative to the controls,

but an equivalent number of true negatives (RCFT results, chapter 4). The high-risk group therefore

may find it slightly easier to correctly identify a word that has not been seen before, than a word that

has. A parsimonious explanation might be that the criterion for correctly rejecting an item is lower

than that for correctly recognising it.

We were precluded from investigating more thoroughly the BOLD response associated with the

incorrect old and incorrect new responses, due to there being, in some cases, fewer than twelve events

in each discrete incorrect event category (Michael Rugg, personal communication). On average

groups made approximately this number of errors overall, and on an individual basis a proportion of

participants made considerably less incorrect responses (i.e. 33% of C, and 34.1% of HR- and HR+

made 12 or less incorrect responses). This, coupled with the difficulty in knowing the basis for error

commission across groups was a key factor in the decision to omit an analysis of 'incorrect' events

from the exploration of differences within and between groups in the functional MRI BOLD response

during retrieval.
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8.4 Functional magnetic resonance imaging results

See section 7.87 for details on results presentation and see Appendix 6 (Tables 6A-J) for random

effects results tables. Please note that all p values reported are corrected for multiple comparisons

unless otherwise stated, and only gray matter activations have been presented within the text.

8.4.1 Encoding: within group results

C increases

During the processing of words in the word classification task relative to baseline experimental

activation, C showed significant increases in BOLD fMRI response in clusters in the left medial

frontal lobe (BA 6; Ke= 222, Z= 4.3, p<0.001), bilateral parietal lobe (left pre-central gyrus, BA4; KE

= 1922, Z= 4.7, p<0.001; right post central gyrus, BA 2; KE =199, Z= 4.4, p=0.006), left superior

temporal lobe (BA 21; KE = 243, Z= 5.4, p=0.002), and left cerebellum (Declive; KE = 1213, Z= 5.3,

pO.OOl).

C decreases

Areas of significantly less response during the processing of words in the word classification task

relative to the baseline experimental activation were apparent in right middle temporal gyrus (BA21;

KE = 75, Z= 4.4, p=0.32 and p=0.Oil uncorrected) and again in the left cerebellum (posterior lobe,

tonsil; KE= 304, Z= 4.6, p<0.001) (see figure 8.3).

Figure 8.3: Within group maps (sagittal) of areas of significantly (i) increased and (ii)

decreased BOLD response in C during a word classification task relative to the baseline

experimental activation

(i) (ii)
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HR- increases

HR- showed activations across both hemispheres, including the bilateral parietal lobes (right post¬

central, BA 43; Kg= 1282, Z= 5.5, p<0.001 and left post-central gyrus, BA 2; KE = 7507, Z= 6.8,

p<0.001), bilateral superior temporal lobes (BA38; KE = 444, Z= 4.8, p<0.001; Kg = 672, Z= 4.8,

p<0.001), and bilateral cerebellum (left anterior lobe, culmen; KE = 4408, Z= 7.0, p<0.001; right

posterior lobe, tuber; KE = 6006, Z= 7.0, p<0.001). The greater extent of activation shown in this

group may be attributable to the larger group numbers.

HR- decreases

Relative reduced responses during word classification relative to baseline, were apparent in the left

frontal lobe (sub-callosal gyrus, BA25; KE = 518, Z= 4.1, p<0.001), right limbic lobe (cingulate

gyrus, BA31; KE= 73283, Z= 7.5, p<0.001) and right cerebellum (posterior lobe, tonsil; KE= 1822,

Z— 4.8, p<0.001) (see figure 8.4).

Figure 8.4: Within group maps (sagittal) of areas of significantly (i) increased and (ii)

decreased BOLD response in HR- during a word classification task relative to a baseline

experimental activation

HR+ increases

HR+ showed an increased response during word classification relative to baseline in a similar area of

the left medial frontal lobe as shown in the control participants (BA6; Kg = 179, Z= 4.3, p<0.01), as

well as bilaterally in the inferior parietal lobes (LBA 40; KE= 2908, Z= 5.8, p<0.001; RBA40; KE =

483, Z= 5.0, p<0.001), left superior temporal gyrus (BA 22; KE = 609, Z= 4.5, p<0.001) and bilateral

(i) (ii)
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cerebellum (left anterior lobe, culmen; KE= 3929, Z= 6.4, p<0.001; right posterior lobe, tonsil; KE =

4071, Z= 5.6, p<0.001).

HR+ decreases

HR+ showed relative reduced responses during word classification relative to baseline in the right

thalamus (KE = 358, Z= 5.5, p<0.001), left cerebellum (KE= 265, Z= 4.4, p<0.001) and a trend for a

reduced response in the right inferior frontal gyrus (BA13; KE = 115, Z= 4.7, p=0.080) and right

inferior temporal gyrus (BA20/38; KE= 122, Z= 4.6, p=0.063) (see figure 8.5).

Figure 8.5: Within group maps (sagittal) of areas of significantly (i) increased and (ii)

decreased BOLD response in HR+ during a word classification task relative to the baseline

experimental activation

(i) (ii)

8.4.2 Encoding: between group results

C vs. HR

C showed no areas of significantly greater activation than the HR group.

HR vs. C

During word classification relative to the baseline experimental activation, the HR group as a whole

showed a larger BOLD fMRI response in the right inferior frontal gyrus (IFG) relative to C before

correction for multiple comparisons (BA45, KE= 137, Z= 3.8, p=0.14 and p=0.006 uncorrected) (see

figure 8.6a). This IFG area showed a non-significantly greater response in the HR- relative to C

(BA45, Ke = 22, Z= 4.0, p=0.99 and p=0.22 uncorrected) (see figure 8.6b). The HR+ group also

showed an increased BOLD response relative to controls in the same right IFG region, befire
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correction or multiple comparisons (BA45, KE= 154, Z= 4.0, p=0.095 and p<0.005 uncorrected) (see

figure 8.6c) and in the left inferior parietal lobule (BA40, KE = 111, Z= 4.0, p=0.22 and p=0.01

uncorrected) (see figure 8.7).

Figure 8.6 (a): Between group maps of areas of greater BOLD fMRI response during word

classification relative to baseline in HR relative to controls C (maxima coordinates noted (52

26 6) are MNI and indicate the inferior frontal gyrus cluster, voxel extent = 0). Sections show

peak maxima of cluster overlaid on an average T1 brain
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Figure 8.6(b): Between group maps of areas of greater BOLD fMRI response during word

classification relative to baseline in the HR- relative to C (maxima coordinates noted (52 26

22) are MNI and indicate the inferior frontal gyrus cluster, voxel extent = 20)
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Figure 8.6 (c): Between group maps of areas of greater BOLD fMRI response during word

classification relative to baseline in HR+ group relative to C (maxima coordinates noted (52

26 6) are MNI and indicate the inferior frontal gyrus cluster, voxel extent =20 voxels).
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Figure 8.7: Between group maps of areas of greater BOLD fMRI response during word

classification relative to baseline in HR+ relative to C (maxima coordinates noted are MNI (-

46 -50 40) and indicate the inferior parietal lobe cluster, voxel extent = 0). Sections show

peak maxima of cluster overlaid on average T1 brain.
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HR+ vs. HR-

HR- showed no significant areas of greater activation relative to HR+ during word classification

relative to baseline. However, the HR+ showed a greater fMRI response in the left inferior parietal

lobe (BA7/40, Ke= 168, Z= 3.9, p=0.069) when compared to HR- (see figure 8.8).

Figure 8.8: Between group maps of areas of greater BOLD fMRI response during word

classification relative to baseline in HR+ relative to HR- (coordinates noted are MNI (-46 -62

50) and indicate maxima of inferior parietal lobe cluster, voxel extent = 20).
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8.4.3 Summary of encoding results

C show mainly left lateralised responses during semantic word classification relative to baseline

experimental activation in the medial frontal and post-central gyrus, superior temporal lobe and

cerebellum. HR-, on the other hand, show both left and right hemisphere responses across similar

regions to the control group for this contrast. Furthermore, while HR+ show activation in a similar

medial frontal lobe cluster to controls, they additionally activate the inferior parietal lobule bilaterally.

Therefore, in the HR+ group, the left inferior parietal lobule (BA40) shows significantly (before

correction) greater activation than HR- and C, for this contrast. The BOLD fMRI response in the right

IFG (BA45) is also significantly greater (before correction) in the HR group as a whole and in HR+

(and non-significantly in HR-) relative to controls. Analysis of the within group maps suggest that

this may be due to a 'deactivation' in this area, particularly in the HR+ group. This suggests a

possible state related deficit in the left (and less so in the right inferior parietal lobe), and a trait deficit
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as a result of 'reduced' activation during encoding in the right IFG, which is worsened in the

psychotic symptom group and therefore additionally influenced by state effects.

8.4.4 Recognition versus rejection: within group results

C increases:

There were no significant areas of increased BOLD fMRI response during recognition responses

relative to rejection responses, after correction for multiple comparisons. However, before correction,

there was a significantly greater BOLD fMRI response in the left IFG (BA10; KE = 101, Z= 5.9,

p=0.15 and p<0.005 uncorrected), and left caudate body (KE = 68, Z= 4.1, p=0.43 and p<0.05

uncorrected).

C decreases:

There were significant areas of increased BOLD fMRI response during rejection relative to

recognition responses, in the right medial frontal gyrus (BA10; KE = 174, Z= 3.7, p=0.016), right

fusiform gyrus (BA37; KE = 223, Z= 4.2, p<0.005), and right cerebellum (culmen; = 393, Z= 4.6,

p<0.001), and a trend for significance in the left cuneus (BA18/19; Ke= 129, Z= 4.1, p=0.062) and

left fusiform gyrus (BA19; KE= 118, Z= 4.0, p=0.088) (see figure 8.9).

Figure 8.9: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during recognition relative to rejection in C.

HR- increases:

Relative areas of increased BOLD fMRI response during recognition compared to rejection were

shown in a cluster in the sub-lobar area (extending to the medial dorsal thalamic nuclei) (BA30; KE =

(i) (ii)
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799, Z= 4.1, p<0.001), the right cerebellum (posterior lobe, pyramis; Kg = 308, Z= 4.0, p=<0.005),

and the left superior parietal lobe (BA7; KE = 61, Z= 3.9, p=0.68 and p<0.05 uncorrected).

HR- decreases:

Significant areas of increased BOLD fMRI response during rejection relative to recognition were

shown in the left frontal, precentral gyrus (BA4; KE= 168, Z= 3.7, p=0.058), left cuneus (BA18, Ke =

474, Z= 5.7, p<0.001), left middle temporal gyrus (BA19; KE = 328, Z= 4.8, p<0.005), left precuneus

(BA7, Ke = 287, Z= 4.7, p<0.005) and right precuneus (BA19; KE = 399, Z= 4.3, p=<0.001)(see

figure 8.10).

Figure 8.10: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during recognition relative to rejection in HR-.

(i) (ii)

/

HR+ increases:

HR+ showed no significant areas of increased activation during recognition relative to rejection after

correction for multiple comparisons. Before correction, there were areas of greater BOLD fMR]

response in the left middle frontal gyrus (BA11/47; KE= 52, Z= 4.0, p=0.73 and p<0.05 uncorrected),

left IFG (BA47;Ke= 58, Z= 3.6, p=0.65 and p<0.05 uncorrected), and the left angular gyrus, parietal

lobe (Ke= 52, Z= 4.0, p=0.68 and p<0.05 uncorrected).

HR+ decreases:

Again, HR+ showed no significant areas of increased activation during rejection relative to

recognition after correction for multiple comparisons. However, before correction, there was a greater

response in the left middle temporal gyrus (BA19; KE= 62, Z= 3.5, p=0.59, p<0.05 uncorrected) (see

figure 8.11).
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Figure 8.11: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during recognition relative to rejection in HR+.

(i) GO

* *

8.4.5 Recognition versus rejection: between group results

C vs. HR

C showed no significant areas of greater activation compared to the HR group during recognition

relative to rejection.

HR vs. C

The HR group as a whole showed a significantly greater response in the right cerebellum, before

correction for multiple comparisons (Declive, posterior lobe; KE = 160, Z= 4.2, p=0.26, p<0.05

uncorrected), as did the HR- (Declive, posterior lobe; KE= 130, Z= 4.2, p=0.37, p<0.05 uncorrected).

There were no other significant between group differences for this contrast (see figure 8.12).
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Figure 8.12: Between group maps showing areas of increased BOLD fMRI response in HR

relative to C during recognition relative to rejection (maxima coordinates are MNI (28 -56 -

20) and indicate the right cerebellar cluster, voxel extent = 0). Sections show peak maxima

of cluster overlaid on average T1 brain.
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HR-vs. HR+

HR- showed a significantly greater BOLD fMRI response compared to HR+ in the right cerebellum,

before correction for multiple comparisons (Tonsil, posterior lobe; KE = 176, Z= 3.8, p=0.21, p<0.05

uncorrected).

8.4.6 Summary of recognition versus rejection results

During recognition (the classification of words, both correctly and incorrectly, as having been seen

before), relative to rejection (the classification of words, both correctly and incorrectly, as not having

been seen before), groups showed few significant differential areas of greater activation in the former

relative to the latter, although HR- did show a significant increase in a sub-lobar cluster, extending to

the medial dorsal thalamic nuclei, after correction for multiple comparisons. During rejection relative

to recognition of words, both C and HR- showed greater activation in posterior visual brain areas such

as the cuneus, fusiform gyrus, and precuneus, while both HR groups showed greater activity in the

middle temporal gyrus. Notably, the HR+ showed the least difference between conditions, relative to

the other two groups. In the HR- relative to both C and HR+, between group contrasts showed greater

activation in the right posterior cerebellum. However, again, a large proportion of these results was

not significant after correction for multiple comparisons, and so should be considered tentatively.

Further, while combining both correct and incorrect responses (in order to compare recognition versus

rejection decisions) increases the number of events included, the overlap in recruited brain areas for

both response types may explain the lack of significant differences both within and between groups

for this contrast.

8.4.7 Correct recognition relative to baseline: within group results

C increases:

During the correct recognition of words relative to a baseline activation (averaged fixation periods), C

showed an increased BOLD fMRI response in the right frontal, precentral gyrus (BA6; Ke= 281, Z=

4.8, p<0.005), left IFG (BA47; KE= 347, Z= 4.6, p<0.001), left middle frontal gyrus (BA9/44; KE =

137, Z= 3.6, p=0.059), right superior parietal lobe (BA7; KE = 99, Z= 4.0, p=0.17 and p<0.05

uncorrected), left temporal, fusiform gyrus (BA 19; KE = 1458, Z= 5.0, p<0.005), and left caudate
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head extending to the left sub-lobar thalamus, ventral lateral and ventral anterior nucleus (KE= 369,

Z= 4.9, p<0.001). Significant areas of BOLD fMRI response increase were also evident in the right

inferior occipital lobe (BA 18; KE = 565, Z= 5.2, p<0.001) and the right cerebellum (anterior lobe,

culmen; KE= 623, Z= 4.8, p<0.001).

C decreases:

There was a significantly greater fMRI BOLD response during baseline activation relative to correct

recognition in right medial frontal gyrus (BA10; KE = 8648, Z= 5.5, p<0.001), the left middle

temporal gyrus (BA38; KE = 501, Z= 4.7, p<0.001) and the left inferior temporal gyrus (BA37; KE =

141, Z= 4.6, p<0.05).

Figure 8.13: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct recognition relative to baseline, in C.

HR- Increases:

The HR- group showed increased BOLD fMRI responses during correct recognition relative to a

baseline experiment activation in two clusters in the left middle frontal gyrus (BA9; Ke= 556, Z= 4.8,

p<0.001 & BA10; Ke = 263, Z= 4.1, p<0.05), right middle frontal gyrus (BA11; KE = 161, Z= 3.9,

p=0.08 and p<0.005 uncorrected). An increased BOLD fMRI response was also evident in the left

inferior parietal lobule (BA40; KE = 263, Z= 5.6, p<0.001), as well as the right cerebellum (Tuber,

posterior lobe; KE= 14100, Z= 7.6, p<0.001).

0) (ii)
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HR- decreases:

The HR- showed decreased BOLD fMRI response during correct recognition relative to baseline

experimental activation, in the right frontal lobe, sub callosal gyrus (BA25; Kg = 331, Z= 4.9,

p<0.005) (see figure 8.14).

Figure 8.14: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

response during correct recognition relative to a baseline experimental activation in HR-.

(i) (ii)

HR+ increases:

The HR+ showed an increased BOLD fMRI response during correct recognition relative to the

baseline activation of the experiment in the left middle frontal gyrus (BA46; KE = 776, Z= 5.3,

p<0.001), and in the right middle frontal gyrus (BA9; KE = 677, Z= 4.2, p<0.001). They also showed

an increased BOLD fMRI response in the right inferior parietal lobule (BA40/7; KE = 229, Z= 4.6,

p=0.008), left superior temporal gyrus (BA22/38; K£= 635, Z= 4.7, pO.OOl), right inferior occipital

lobe (BA18; KE = 5492, Z= 5.8, pO.OOl) and left cerebellum (Declive, posterior lobe; KE = 3766,

Z= 6, pO.OOl).

HR+ decreases:

The HR+ showed a decreased BOLD fMRI response during correct recognition relative to the

baseline activation of the experiment, in the right parietal lobe, precuneus (BA7; KE= 26759, Z= 6.7,

p<0.001), the left temporal fusiform gyrus (BA20; KE = 375, Z= 4.4, p<0.001) and left

parahippocampal gyrus (BA 35; KE= 70, Z= 3.7, p=0.44, p<0.05 uncorrected) (see figure 8.15).
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Figure 8.15: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI during correct recognition relative to baseline, in HR+.

(0 (ii)

8.4.8 Correct recognition relative to baseline: between group results

C vs. HR:

C showed no significant increased BOLD fMRI response relative to the HR group as a whole or the

HR+ for this contrast, although they showed a significantly increased BOLD fMRI response relative

to the HR- in the right frontal precentral gyrus (BA6; KE = 131, Z= 4.2, p=0.16 and p<0.05

uncorrected). However, given that this statistic is uncorrected for multiple comparisons it should be

considered cautiously.

HR vs. C

C showed a reduced BOLD fMRI response compared to the HR group as a whole during correct

recognition relative to baseline activation in the right middle occipital gyrus (BA18; KE= 124, Z= 4.1,

p=0.19 and p<0.05 uncorrected). Surprisingly there were no left middle frontal lobe differences

between these groups in spite of the apparent greater recruitment of these areas on the HR within

group maps. HR- showed a greater BOLD fMRI response relative to controls in the right middle

occipital gyrus (BA18; Kh = 119, Z= 4.2, p=0.21 and p<0.05 uncorrected). HR+ showed no

significantly increased BOLD fMRl responses compared to controls. Once again, after correction for

multiple comparisons there were no statistically significant values, therefore the uncorrected results

are presented for interest, due to a lack of corrected clusters.

HR- vs. HR+

There were no significant supra-threshold clusters for this contrast.
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8.4.9 Summary of correct recognition versus baseline results:

There were robust within group increases in the frontal, temporal and parietal lobes across groups for

this contrast (although decreases across groups varied). The high-risk groups also showed more

extensive increased bilateral frontal response and decreased middle temporal response than the

controls. Nonetheless, the between group contrasts showed these apparent differences to be non¬

significant after correction for multiple comparisons. While before correction controls showed less

activation compared to the HR group as a whole and HR- independently in the left occipital gyrus, and

increased activation relative to HR- in the left frontal, precentral gyrus (BA 6), these differences may

only be a feature of the larger participant numbers in the HR- and combined HR group relative to the

controls.

8.4.10 Correct rejection relative to baseline: within group results

C increases:

C showed a larger BOLD fMRI response during correct rejection responses relative to a baseline

activation in the left 1FG (BA47; KE = 632, Z= 5.4, p<0.001), in the right frontal, precentral gyrus

(BA6; Ke = 249, Z= 4.2, p<0.001) and the left medial frontal gyrus (BA6; KE = 752, Z= 4.6,

p<0.001). They also showed an increased fMRI response in the left temporal fusiform gyrus (BA37;

Ke = 1734, Z= 5.0, p<0.001) and right cerebellum (Culmen, anterior lobe; KE = 1836, Z= 5.4,

pO.OOl).

C decreases:

C showed a reduced BOLD fMRI response during correct rejection responses relative to baseline

activation in the right inferior temporal gyrus (BA20; KE = 348, Z= 4.3, p<0.001) and right occipital

lobe, cuneus (BA 19/18; KE= 309, Z= 4.2, p<0.001) (see figure 8.16).
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Figure 8.16: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct rejection relative to baseline experimental activation in C.

(i) (ii)

HR- increases:

HR- showed a larger BOLD fMRI response during correct rejection responses relative to baseline

activation in the right middle frontal gyrus (BA46; KE= 264, Z= 3.9, p<0.05), the left IFG (BA10; KE

= 324, Z= 4.1, p<0.005), the left inferior parietal lobule (BA40; KE= 6362, Z= 6.3, p<0.001), the left

superior temporal gyrus (BA22; KE = 1451, Z= 5.9, p<0.001), and the right cerebellum (Culmen,

anterior lobe; KE= 11747, Z= 7.2, p<0.001).

HR- decreases:

HR- showed a reduced BOLD fMRI response during correct rejection responses relative to baseline

activation in the right cerebellum (Semi-lunar, posterior lobe; KE= 141, Z= 3.8, p=0.12 and p<0.005

uncorrected) (see figure 8.17).

Figure 8.17: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct rejection relative to baseline experimental activation in HR-.

(i) (ii)
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HR+ increases:

The HR+ showed a larger BOLD fMRI response during correct rejection responses relative to a

baseline activation, in the right orbito-frontal gyrus (BA11; Kg = 213, Z= 4.2, p<0.01), the right

middle frontal gyrus (BA46; Kg = 285, Z= 4.4, p<0.005), the right and left frontal precentral gyrus

(LBA4; Kg= 171, Z= 4.3, p<0.05, RBA 4; KE= 271, Z= 3.9, p<0.005), the left inferior parietal lobule

(BA40; KE = 2039, Z= 4.7, p<0.001), left superior temporal gyrus (BA22; Kg = 1050, Z= 4.3,

p<0.001), and the right cerebellum (Culmen, posterior lobe; Kg = 4260, Z= 6.0, p<0.001) and left

cerebellum (Declive, posterior lobe; Kg= 3965, Z= 6.8, pO.001). HR+ showed additional enhanced

bilateral fMRI response in the sub-lobar lentiform nucleus, putamen (right; KE= 418, Z= 4.6, p<0.001,

left; Kg = 497, Z= 5.4, p<0.001).

HR+ decreases:

The HR+ showed a smaller BOLD fMRI response during correct rejection responses relative to

baseline activation in the left medial frontal gyrus (BA10; Kg = 31501, Z= 7.2, p<0.001) left limbic

lobe, anterior cingulate gyrus (AC) (Kg = 371, Z= 4.9, p<0.001) and left parahippocampal gyrus

(PHG) (BA35/36; KE= 274, Z= 4.8, p<0.005) (see figure 8.18).

Figure 8.18: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct rejection relative to baseline experimental activation in HR+.

(i) (h)

8.4.11 Correct rejection relative to baseline: between group results

C vs. HR

C showed no enhanced response relative to the HR group as a whole or compared to HR- or HR+

participants for this contrast.
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HR vs. C

HR- showed a larger BOLD fMRI response relative to C in the left middle occipital gyrus (BA 18; fQ.

= 143, Z= 3.6, p=0.13 and p<0.01 uncorrected). There was an uncorrected trend for greater right

middle occipital activation in HR relative to C (BA 18; KE = 59, Z= 3.7, p=0.68 and p=0.076

uncorrected). However, there were no significant differences between C and HR+ for this contrast.

There were no differences between HR- and HR+ for this contrast.

8.4.12 Summary of correct rejection versus baseline results:

During the correct rejection of words relative to baseline activation, there were no significant

differences between groups after correction for multiple comparisons. Before correction, C differed

from the HR- only in their smaller activation of the left middle occipital cortex (BA 18). However,

some apparent differences between activations in the groups are evident in the within group contrast

maps, with HR+ showing significant decreased activation in the limbic lobe (parahippocampal gyrus

and anterior cingulate) during both correct old and correct new responses relative to baseline, an area

not shown to have decreased activation in either the HR- or C groups. The nature of deactivations in

contrasts was noted earlier, and it is interesting that this group might show an enhanced activation in

this area during baseline experimental activation relative to correct new responses or alternatively, less

activity during correct new relative to baseline. The parahippocampal gyrus has been associated with

both recollection and familiarity processes during retrieval in healthy volunteers.

8.4.13 Correct recognition versus correct rejection: within group results

C increases:

During correct old relative to correct new responding, and before correction for multiple comparisons,

C had a greater fMRI response in the left parietal lobe, post-central gyrus (BA 2; KE = 100, Z= 4.0,

p=0.16 and p< 0.005 uncorrected).
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C decreases:

C showed a greater response in the right lingual gyrus (BA19, Ke= 196, Z= 4.1, p<0.05) and left

cerebellum, culmen (Ke= 132, Z= 4.1, p=0.057), during correct new relative to correct old (see figure

8.19).

Figure 8.19: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct recognition relative to correct rejection in C.

(i) 00
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HR- increases:

During correct old relative to correct new responses HR- showed an increased BOLD fMRJ response

in the left parahippocampal gyrus, extending into the left thalamus, pulvinar and left anterior lobe of

the cerebellum, culmen (KE= 959, Z= 5.1, p< 0.001) and before correction for multiple comparisons,

a trend for significance in the right inferior parietal lobule (BA 7; KE= 48, Z= 3.9, p=0.76, p=0.08

uncorrected).

HR- decreases:

During correct new relative to correct old events, the HR- showed greater responses in the left cuneus,

occipital lobe (BA18, KE= 282, Z= 4.8, p<0.005).
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Figure 8.20: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct recognition relative to correct rejection in HR-.

(i) (ii)

HR+ increases:

During correct old relative to correct new responses the HR+ demonstrated a greater response in the

left middle frontal gyrus (BA 47; KE = 343, Z= 5.2, p<0.001). Before correction for multiple

comparisons, there were significant responses in the right and left cerebellum, (R anterior lobe; KE =

66, Z— 4.0, p=0.52 and p<0.05 uncorrected; Pyramis, posterior lobe; KE = 78, Z= 3.7, p=0.38 and

p<0.05).

HR+ decreases:

HR+ showed larger activations in the left frontal orbital gyrus (BA11, KE= 51, Z= 4.0, p=0.74 and

p<0.05 uncorrected), left superior temporal gyrus (BA22, KE = 54, Z= 4.6, p=0.69 and p<0.05

uncorrected) and left cerebellum (KE= 564, Z= 4.2, p=0.66 and p<0.05 uncorrected) during correct

new relative to correct old responses. However, none of these results survived correction for multiple

comparisons and so should be considered tentatively.

Figure 8.21: Within group maps (sagittal) of areas of (i) increased and (ii) decreased BOLD

fMRI response during correct recognition relative to correct rejection in HR+.

(i) (ii)

i: <y n
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8.4.14 Correct recognition versus correct rejection: Between group results

C vs. HR

During correct old relative to correct new responding, C showed no significant areas of greater

response relative to HR participants as a whole or HR with or without symptoms.

HR vs. C

During correct recognition relative to correct rejection, the HR group as a whole showed a

significantly greater fMRl response in the right cerebellum (Tuber extending into declive, posterior

lobe; Ke = 388, Z= 4.4, p<0.001), relative to C. Before correction for multiple comparisons, HR

showed greater responses in the right middle temporal gyrus (BA 20/21; Kg = 77, Z= 4.0, p=0.5 and

p<0.05 uncorrected), and in two clusters in the left cerebellum (Pyramis, posterior lobe; Kg = 58, Z=

3.9, p=0.74 and p=0.06 uncorrected; Culmen, anterior lobe:; KE = 61, Z= 3.5, p=0.71 and p=0.055

uncorrected ) relative to C. Moreover, the latter cerebellar response achieved significance after

correction for multiple comparisons, when the threshold was raised to p<0.005. This also showed an

increased response in the HR relative to C in a thalamic cluster before correction for multiple

comparisons (11 -26 8; pulvinar; K.E = 115, Z= 3.5, p=0.96 and p<0.05 uncorrected) (see figure 8.22).

HR- showed increased BOLD fMRI response relative to C bilaterally in the cerebellum (Left culmen,

anterior lobe; KE = 183, Z= 3.9, p<0.05, and right culmen, extending into tuber, posterior lobe; KE =

202, Z= 3.9, p<0.05). Raising the threshold to p<0.005 also showed the same increased thalamic

response, significant before correction for multiple comparison (-9 -26 8; pulvinar; KE = 178, Z= 3.8,

p=0.70 and p=0.02 uncorrected) (see figure 8.23)
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Figure 8.22: Between group maps of areas of greater BOLD fMRI response in HR relative to

C during correct recognition relative to correct rejection (maxima coordinates are MNI (28 -

54 -20) and indicate right cerebellar cluster, voxel extent = 0). Sections show peak maxima

of cluster overlaid on average T1 brain.
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Figure 8.23: Between group maps of areas of greater BOLD fMRI response in HR- relative to

C during correct recognition relative to correct rejection (maxima coordinates are MNI (28-

54 -24) and indicate right cerebellar cluster, voxel extent = 0). Sections show peak maxima

of cluster overlaid on average T1 brain.
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HR+ also showed a greater fMRI response relative to C in the right cerebellum (Tuber, posterior lobe;

Ke = 300, Z= 4.4, p<0.005) and left cerebellum (Culmen, anterior lobe extending into limbic lobe,

sub-gyral; KE = 162, Z= 3.9, p=0.08). Before correction for multiple comparisons, there were

increases in the right middle temporal gyrus (BA 20/21; KE = 106, Z= 4.6, p=0.29 and p<0.05

uncorrected) and left cerebellum (Pyramis, posterior lobe; KE = 58, Z= 3.9, p=0.75 and p=0.06

uncorrected)^see figure 8.24).

HR-vs. HR+:

During correct old relative to correct new responding, HR- showed a greater BOLD fMRI response in

the right ventral anterior nucleus of the thalamus relative to HR+ (KE= 190, Z= 3.9, p<0.05), while

HR+ showed a greater response relative to HR- in the left middle frontal gyrus, before correction for

multiple comparisons (BA11/47; KE= 96, Z= 3.6, p=0.36 and p<0.05 uncorrected) (see figure 8.25).
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Figure 8.24: Between group maps of areas of greater BOLD fMRI response in HR+ relative

to C during correct recognition relative to correct rejection (maxima coordinates are MNI (40

-60 -38) and indicate right cerebellar cluster, voxel extent = 0). Sections show peak

maxima of cluster overlaid on average T1 brain.
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Figure 8.25: Between group maps of areas of greater BOLD fMRI response in HR- relative to

HR+ during correct recognition relative to correct rejection (maxima coordinates are MNI (14

-6 16) and indicate right thalamic cluster, voxel extent = 0). Sections show peak maxima of

cluster overlaid on average T1 brain.
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8.4.15 Summary of correct recognition versus correct rejection results:

The statistical parametric maps for the within group contrasts, suggest that the increased BOLD fMRI

response during correct old relative to correct new responding is very different in all three groups;

with mainly parietal, precentral gyral activation in C; limbic, parahippocampal gyral activation in the

HR- group; and mainly inferior and superior frontal activation in the HR+ group. In the results of the

random effects between group contrasts, controls showed a reduced BOLD fMRI response relative to

the HR group as a whole, and relative to HR- and HR+ independently, in the bilateral cerebellum.

This represents an important and un-hypothesised trait deficit in the high-risk group, during successful

recognition, when compared to the controls. Enhanced activation was also apparent in the right

middle temporal gyrus in the HR group as a whole and in the HR+ relative to C, although this may be

due to reduced within group activation of this area in the HR+ during correct recognition. HR- also

showed an increased fMRI response relative to HR+ in the ventral anterior thalamus. Thalamic

increase in the HR group as a whole and in HR- was apparent before correction for multiple

comparisons, after raising the threshold to p<0.005. However, the HR group effect may be mainly

due to the HR- response, given that there was no indication of thalamic increased response on the

HR+ within group map.

The frontal response we did hypothesise was not apparent, although the fixed effects between group

analysis did show an increased activation in right middle frontal gyrus (BA10) in the HR group

relative to controls during the correct old relative to correct new contrast, and which could be

considered a trait effect (see table 8.7). The absence of a similar result following the random effects

analysis suggests that the participant-to-participant variance across scans, which is introduced as a

random factor to the analysis, must be large enough to have removed this previous response

difference. In order to further explore the loss of this result in the between group random effects

analysis, we plotted individual responses at the coordinates of the significant fixed effects cluster (24

54 -8), during the correct recognition relative to correct rejection contrast (see figure 8.26).
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Table 8.8: Correct old versus correct newfixed effects between group analysis: maxima ofsignificant

differences in brainfMRI response between HR+, HR- and C

Group Comparisons Anatomy Talairach

Coords

MM

Coords

Z Cluster P

corrected value

HR > C Right superior frontal

gyrus (BA10) 24 52-6 24 54 -4 4.79 0.06

HR- > C Right medial frontal

gyrus (BA10)

12 60 14 11 58 9 4.20 0.09

HR+ > C Right middle frontal

gyrus (BA10)

24 54 -8 24 56-6 5.31 0.04

Height threshold p<0.001, Cluster size > 100

Figure 8.26: Plot of responses for the peak maxima of the right middle frontal gyrus cluster

(24 54 -8) across participants during correct recognition versus correct rejection (coordinates

noted are talairach).
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Figure 8.26 demonstrates that although not significantly different between groups, the fitted BOLD

response at the specified coordinates in the right middle frontal gyrus, appears slightly greater across

those in the HR group (both with and without symptoms) compared to C (first 21 scan numbers).

However, individual heterogeneity across scans in the HR group is also apparent from the plot of

fitted responses, and may therefore have reduced the power to detect significant between group
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differences at this location following a random effects analysis. Alternatively, only a select number of

HR participants may be characterised by this hyperfrontal response relative to C. It would therefore

be interesting to further explore this area of response in an investigation of participants who have

subsequently developed schizophrenia, in order to ascertain whether this is reflective of the

development of schizophrenia in this group.
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Chapter 9: Investigation 5- Discussion

We predicted that there would be no significant performance differences between the high-risk

participants and controls during word classification and subsequent word recognition. Our

behavioural results suggest this to be the case, although a very subtle difference in response

predilection was apparent between the groups. Given roughly equated behavioural performance, we

hypothesised that the high-risk participant group as a whole would show a significantly increased

brain response in areas known to support verbal episodic encoding and retrieval, and which have also

been demonstrated as functionally aberrant in schizophrenics and to a lesser extent in their biological

relatives (i.e. frontal, temporal, parietal and cerebellar areas). We also considered several possible

interpretations of the anticipated increased activations in the high-risk group as a whole, and in the

sub-group with psychotic symptoms. Firstly, that it may be a reflection of different physiological

brain responses in individuals with a genetic vulnerability for schizophrenia, hence a trait deficit.

Secondly, where this response is more exaggerated in similar areas in high-risk participants with

psychotic symptoms relative to controls and those without symptoms, it might represent a state related

deficit, and therefore further along a continuum of cerebral dysfunction in individuals with a putative

intermediate phenotype for the disorder. Thirdly, that increased response may be compensatory to

deficient activation in aspects of the required brain networks (i.e. in ffonto-temporal and fronto¬

parietal networks). Finally, that increased response might also be indicative of different processing

strategies employed by the high-risk and control groups in order to successfully perform the task (e.g.

recollection versus familiarity). Unfortunately, without a modified paradigm, we can make no

inferences regarding the latter point.

9.1 Word classification

9.1.1 Within group contrasts

First level within group analyses showed that during the processing of words in the word classification

task relative to baseline experimental activation, all groups showed enhanced frontal, temporal,

parietal and cerebellar responses, mainly left lateralised in the controls, and in both hemispheres in the

high-risk groups. These within group responses differ from the typical activations described in a

number of other living versus non- living classification tasks, due to the absence of left IFG
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(BA45/47) activation, and the presence of STG and parietal pre and post central gyrus activation

across groups. However, Jennings et al (1997) and Kapur et al (1994), for example, contrasted

semantic word classification (living versus non-living) with a perceptual, non-semantic judgment task,

so that responses in the healthy volunteers were reflective of processing specific to semantic but not

perceptual word processing. Conversely, Price et al (1997) showed no frontal response, but inferior

parietal and middle temporal gyrus response during a living versus non-living relative to a

phonological decision task in healthy volunteers. In our task, word processing across the entire word

classification task was compared to the baseline experimental activation, so that any response

differences may be due to both semantic and phonological word processing. Indeed, the parietal pre

and post central gyri are somatosensory areas, and may indicate low level sensory processing. In

addition to this, participants were aware that the classification task also preceded the explicit episodic

recall of the words presented for classification, so that additional processing may have included an

attempt to 'remember' these words for later recall.

The slightly reduced laterality in the high-risk group during word classification is consistent with a

number of fMRI word generation tasks in schizophrenic patients (Artiges et al 2000; Sommer et al

2003a), and has been described as a compensatory recruitment of right hemispheric areas to support

taxed left cerebral function, a diminished laterality in left hemisphere language areas, or a

convergence of both verbal and visuo-spatial processing during task performance.

9.1.2 Between group contrasts

Right inferior frontal gyrus (BA45)

The second level between group analysis for this contrast showed a greater response in the right IFG

(BA45) in the high-risk group as a whole (before correction) and in the high-risk participants with

psychotic symptoms (at corrected trend level) relative to controls. While this did not achieve

significance after correction for multiple comparisons, and therefore should be considered cautiously,

it remains to be of interest given that it is line with our hypotheses. However, it is also an interesting

result given the absence of greater activation in this area on the within group maps for this contrast,

and high-risk participants with psychotic symptoms showed a greater right IFG activation (BA45)
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during the baseline activation of the experiment relative to the word classification task. The more

significant response difference between the controls and the high-risk participants with psychotic

symptoms may therefore be attributable to the latter group's reduced activation in BA45 during the

task relative to the experimental baseline response. This raises the issue of the value of

'deactivations' when interpreting brain response during cognitive performance. Several authors have

postulated a default mode of functionality during baseline states, with the posterior medial cortices,

the parietal lobes, cingulate cortices and precuneus hypothesised as involved in the continuous

gathering of perceptual information, the posterior lateral cortices (e.g. superior temporal gyrus)

involved in the directing of attention to salient environmental stimuli, and the ventral medial

prefrontal and dorsal medial prefrontal cortices involved in spontaneous and task related performance,

hence continuous and dynamic in their activity. During goal engagement, attention will be focused on

task related performance, and so activation in some of these areas will be attenuated (Gusnard and

Raichle 2001; Raichle et al 2001). Indeed, Daselaar et al (2004) suggested that deactivations in

temporo-parietal areas including the precuneus, during encoding, were predictive of subsequent

memory for successfully encoded events. In line with Gusnard and Raichle's hypothesis, this could

be due to the reallocation of resources elsewhere (Daselaar et al 2004a).

Reduced IFG (BA45) response has been demonstrated in schizophrenic patients during semantic

processing (Kubicki et al 2003; Nohara et al 2000; Ragland et al 2004) and has been interpreted as

reflecting ineffective use of executive control to guide semantic processing. The IFG or ventrolateral

prefrontal cortex (VLPFC) has been activated in verbal encoding tasks in healthy volunteers, and may

be integral to semantic word processing, the generation of the semantic attributes of an item, and in

the usage of cues to facilitate semantic information retrieval (Demb et al 1995; Fletcher and Henson

2001; Gabrieli 1998; Pilgrim et al 2002). This would suggest that the high-risk participants with

psychotic symptoms are deactivating an area important in guiding the generation of semantic material,

and therefore may not be effectively facilitating performance of the task. However, the absence of

this response in the other two groups suggests that the task is usually performed without or with less

recruitment of this area.
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This response may be trait related, but appears to be more pronounced in those who are experiencing

transient psychotic symptoms, suggesting a continuum of hypofrontal activation in the high-risk

group. Hypoffontality has been reported in unaffected relatives of schizophrenics beyond the age of

maximum risk for the development of the disorder (Callicott 2003). However, the latter study

reported a parametric response in the DLPFC (BA9/46), associated with an increase in working

memory load. It is yet unclear whether other functionally distinct areas of the frontal lobe exhibit the

same capacity limited response as the DLPFC, or whether this IFC activation may be a more general

reflection of aberrant frontal connectivity, as in schizophrenia.

Left inferior parietal lobe (BA40)

The second level between group analysis for this contrast also showed a significantly greater BOLD

fMRI response, in the left IPL (BA40) in high-risk participants with psychotic symptoms relative to

both those without symptoms (at corrected trend level) and controls (significant before correction for

multiple comparisons), during word classification relative to the baseline experimental activation.

The within group maps for high-risk participants with symptoms showed a greater bilateral IPL

(BA40) response during word classification relative to baseline activation, a response not apparent in

the other two groups. This is partially consistent with our hypothesis, that parietal areas implicated in

verbal encoding may show an enhanced response in high-risk participants relative to controls, and

where the deficit was related to state, enhanced response relative to high-risk participants without

psychotic symptoms. However, there is no evidence from the within group maps of increased inferior

parietal activation in the latter group, implying that this may not be a genetically mediated deficit.

Moreover, despite a previously hypothesised effect, it remains significant relative to controls only

before correction, and therefore should be viewed with this in mind.

This area of the left IPL was also shown to be hyperactive in the same high-risk participant group

relative to high-risk participants without symptoms and controls, during a covert word generation task

(Whalley et al 2004). This suggests that hyper-activation of the IPL in high-risk participants

experiencing transient psychotic symptoms is indeed a state related deficit, broadly associated with for

example, language or attention tasks. However, activity in this region was also noted in high-risk
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participants without symptoms during the word generation task, and while not significantly greater

than in the controls, suggests a genetic component of the functional over activation of this region. Of

course, the genetic component may actually be for an alternative primary disturbance for which a

secondary 'hyper-parietality' is compensatory.

Impaired IPL function has been demonstrated in neuroimaging studies of verbal memory in

schizophrenics. However, this has been mainly during verbal retrieval (Fletcher et al 1998) or correct

verbal recognition (Ragland et al 2004). There is less evidence for dysfunctional parietal response

during encoding in schizophrenia. Kubicki et al (2003) showed hyper-activation in a cluster

extending from the left STG to the left IPL in patients relative to controls during the semantic

encoding relative to baseline condition. This region was active in patients during both the non-

semantic and semantic encoding condition, suggesting it was not specifically related to the accessing

of semantic information (Kubick et al 2003). Kubicki et al (2003) asserted that the ffonto-temporo-

parietal network supported the accessing and storage of semantic and non-semantic information, in

which hyper-activation may well reflect a disturbance of semantic memory (Kubicki et al 2003).

While Ragland et al (2004) showed no differential activation in this area in patients relative to controls

during encoding, patients did show left IPL activation in within group maps for the encoding of

correctly recognised words, a region not activated for the same contrast in controls (Ragland et al

2004).

In neuroimaging studies of verbal working memory in schizophrenia, hyper and hypofrontality is

often concomitant with increases in the IPL (Quintana et al 2003). This would appear to be somewhat

consistent with our finding of reduced right IFG along with increasee left IPL activation during word

classification, with the latter possibly a compensatory increase due to ineffective frontal response.

Evidence for structural deficits in the parietal lobes in schizophrenic patients is less robust than for

other areas of cortex, and it is often suggested that the IPL retains a normal, albeit enhanced response

in schizophrenia, in order to compensate for deficient frontal activation during tasks of greater

cognitive demand. IPL activation has been shown during tasks of verbal working memory and in

memory for spatial locations in healthy volunteers, and has been hypothesised as an area of transient
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phonological (left IPL) and visuo-spatial material (right IPL) storage (Jonides et al 1998a; Jonides et

al 1998b). However, Jonides et al (1998) have also suggested this region may be related to the

shifting of attention from one internal representation to another (Jonides et al 1998a; Jonides et al

1998b). Indeed, Coull and Nobre reported bilateral activation of the IPL, in the right during tests of

spatial orienting, and in the left during tests of temporal attention in PET and fMRI studies in healthy

volunteers (Coull and Nobre 1998). This is supported by evidence from human and animal studies

which implicate the IPL as an area involved in the top down allocation of attentional resources

(Corbetta et al 2000; Hopfinger et al 2000; Wardak et al 2004) and which may play a role in tests of

selective attention, during the monitoring and inhibition of responses.

More specifically, Drager et al (2004) showed increased right IPL activation (BA40) and superior

parietal lobe (BA7) activation in healthy volunteers during a difficult relative to easy cue word

generation task (i.e. word beginnings to be completed with as many different words as possible). This

could be construed as requiring an increased maintenance in the phonological store of more difficult

word stem representations, suggestive of the right IPL's supportive role in verbal representation

maintenance. However, the authors assert it may be a compensatory recruitment in non-language

lateralised areas, during difficult language tasks. The right IPL may therefore provide a more general

executive and attentional role during a language task of increasing difficulty (but not complexity)

(Drager et al 2004).

For the high-risk group experiencing transient psychotic symptoms, there were no significant

differences in reaction time or accuracy between groups for the word classification task, suggesting

that increased activation does not have a detrimental effect on the word classification task

performance. Indeed, in the word generation task, IPL activation was not linearly related to task

difficulty (Whalley et al 2004). Alternatively, this response may reflect explicit attempts to maintain

words in memory for the future recall task. However, the enhanced activation in the same group

during both a word generation and word classification task suggests that the latter explanation is

insufficient. Both tasks require the accessing of semantic memory for the generation of a meaningful

word or semantic information relevant to the sentence and word representations respectively. It is
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therefore plausible that the right IPL is integral to the maintenance of representations in memory or

that enhanced response may be an indication of increased attention during the accessing and retrieving

of semantic information.

Taylor et al (2001) have suggested the IPL may be the locus of 'central representation', latterly

described as a multimodal area, which combines sensory activity, spatial awareness and intentionality

for future planning, into a central self-consciousness. Of interest is the implication of this area in

everyday imagining and awareness of the body's movement and orientation in space. Lesions of the

right IPL and right parietal lobe dysfunction have been associated with phantom limb phenomena and

contralateral spatial neglect (Sirigu et al 2003; Taylor 2001).

Spence et al (1997) investigated motor control in a PET study of voluntary joystick movement in 7

schizophrenic patients experiencing delusions of alien control (passivity phenomena), 6 schizophrenic

patients with delusions, but never of alien control, and 6 controls. The authors showed a hyper-

activation of the right IPL (BA40) in patients experiencing passivity phenomena during free and

specified joystick movement, relative to the other patients and control group. However, hyper-

activation was shown to be reversible in patients with a decrease in levels of delusions of alien control

over time, suggesting that spatial awareness may be only temporarily disturbed because of abnormal

inferior parietal activation. These changes were described as independent of diagnosis and neuroleptic

medication, given that they were specific to those experiencing passivity phenomena whose

medication remained the same over time, while medication was introduced as a covariate in the

analysis. Spence et al (1997) assert that the evidence for motor control difficulties, and failure to

correct motor errors without feedback in patients with delusions of alien control, are consistent with

the hypothesis of defective self-monitoring in schizophrenia (Frith 1992).

Cingulate gyrus

High-risk participants without psychotic symptoms showed an increased response in the right

cingulate gyrus relative to high-risk participants with psychotic symptoms. Although not surviving

correction for multiple comparisons, this is also an interesting result given the evidence for impaired
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AC activity in schizophrenics during verbal memory tasks (Fletcher et al 1996). Fu et al (2002)

showed AC activity to be associated with word generation following difficult relative to easy letter

cues in healthy volunteers, and suggests this may be related to selective attention during tasks of

increasing demand. The AC may also be important in the modulation of response interaction between

the prefrontal cortex and temporal lobes, a suggestion supported by evidence for the strong reciprocal

connections between the three regions (Fu et al 2002).

9.2 Word Recognition

9.2.1 Within group contrasts

Old versus new

The recognition versus rejection contrast is a comparison of brain regions recruited during the recall

of words perceived as studied versus the rejection of words perceived to have been unstudied. This

contrast showed very few areas of significant differential activation within or between groups after

correction for multiple comparisons. This is probably due to the combination of both correct and

incorrect responses, which despite increasing the number of events, will have resulted in multiple

overlapping areas of activation. However, HR+ showed (uncorrected) increases in the frontal lobes

(BA47), while HR- showed (uncorrected significant) increased response in the left thalamus and right

posterior cerebellum, the latter area only apparent in the reverse contrast for controls.

Correct old versus correct new

This contrast enabled a characterisation of brain responses associated with successful recall of studied

versus successful rejection of unstudied words. Although both require retrieval effort and monitoring,

it can be assumed that only the former involve retrieval success. Recognition of the former normally

entails the accessing of an explicit memory related to details of the learning event associated with that

item (i.e. recency), whereas rejection of the latter may involve an items's failure to meet the basic

criterion of familiarity and/or recency. While the extent of overlap between recollection and

familiarity during forced choice recognition is unclear, it is assumed that the difference between

correct old and new may be a indicative of brain regions specifically associated with accessing of
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memories associated with the previously encoded word (i.e. the word is already stored, so the event

has been tagged as having occurred at some point in time) (Henson et al 2000).

First level within group analyses of correct old events and correct new events, separately relative to

the baseline experimental activation in the control group, revealed common areas for both types of

event. These were apparent in the right precentral gyrus (BA6), left IFG (BA47), left fusiform gyrus

(BA37) and right cerebellum (anterior lobe, culmen). During correct recognition versus correct

rejection, the processes associated with the accurate identification of studied versus unstudied words

in the control group were not separable, and were differentiated only by activation of an area of

sensory processing. The reverse contrast however, revealed increased response in the right lingual

gyrus and the left cerebellum.

First level analyses for correct old and correct new events independently, relative to the baseline

experimental activation, in the high-risk participants without symptoms showed common responses in

the left inferior parietal lobe (BA40), left frontal gyrus (BA10) and right cerebellum. Right cerebellar

activation may reflect the contralateral connection between the tuber in the posterior lobe to the left

inferior parietal lobe, while the activation of the right culmen in the anterior lobe, likely reflects links

to the left prefrontal cortex during correct rejection. Additional enhanced activations in the right

frontal gyrus (BA46) and left superior temporal gyrus (BA22) were apparent during correct rejections,

but not recognition, which may reflect retrieval effort. However, for the correct old versus correct new

contrast, the high-risk participants without symptoms only showed significant enhanced activation in

the left parahippocampal gyrus (BA34) and right inferior parietal lobe (BA40). These activations may

be consistent with successful retrieval. For the reverse contrast, increased responses were apparent in

the visual processing areas and the right middle temporal lobe.

For high-risk participants with psychotic symptoms, first level analyses showed common responses

for correct old and correct new items relative to baseline activation in the bilateral frontal gyrus

(BA9/46 and 11) and left superior temporal lobe (BA22). However, during correct old relative to

baseline experimental activation, there was a significant right inferior parietal (BA40) activation
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concomitant with a left posterior cerebellum response (declive), while during correct new there

appeared a significant left BA40 and bilateral precentral gyrus (BA4) response along with a right

anterior lobe activation (culmen). During the correct old versus correct new contrast this group

showed greater activation in the left middle frontal gyrus (BA47) and bilateral cerebellar areas (right

anterior and left posterior), again an indication of activation associated with successful retrieval. For

the reverse contrast, increases were shown in the superior temporal gyrus and left cerebellum.

The within group retrieval analyses demonstrated an apparently more extensive recruitment of the

brain network which supports episodic retrieval in the high-risk participants than in the controls.

Activation differences between the correct identification of studied and unstudied events are also more

prevalent in the high-risk participant group, suggesting a quantitative and qualitative difference in

brain regions recruited during these events. This further implies that the control group are recruiting

similar brain regions to the same extent during the recall of both studied and novel information, and

due to the ease of the memory task, may be using similar strategies for both types of event. The high-

risk participants however, appear to recruit additional brain regions for the accurate recall of studied

relative to novel words. It could be speculated therefore that these distinct increased activations

during successful recognition of words seen before may be effort based. Alternatively, they could

reflect differences in retrieval strategy e.g recollection versus familiarity.

9.2.2 Between group contrasts

Old versus new

During recognition relative to rejection, there was significantly enhanced right cerebellar activation in

the high-risk participants relative to controls before correction for multiple comparisons, possibly due

to the response in the HR- group. The high-risk participants without symptoms showed an additional

increased response in the posterior cerebellum relative to the high-risk participants with symptoms.

Based on our hypotheses the expected direction of the effect would have been the opposite. However,

this contrast is a comparison of both failed and successful recognition, likely contaminated by the

activations and 'de-activations' associated with false positives and false negatives.
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Correct old versus correct new

Between group contrasts for correct old versus correct new events showed increased bilateral

cerebellar activation (left and right anterior lobe, culmen and right posterior lobe, tuber) in the high-

risk group relative to controls (both high-risk participants with and without psychotic symptoms).

This was the most robust activation difference for this contrast, and is convincing evidence of a trait

deficit in the bilateral cerebellum during verbal recognition memory.

Bilateral cerebellum

There has been an accumulation of evidence to suggest the cerebellum has a supportive role in the

brain networks recruited during verbal episodic retrieval. Indeed, there is some evidence for impaired

cerebellar function in schizophrenia during tasks of verbal memory and language (Andreasen et al

1996; Crespo-Facorro et al 1999). These findings are consistent with evidence from neuroimaging

studies in healthy volunteers implicating the cerebellum not only in tasks of verbal working memory

(Awh et al 1995; Desmond et al 1998; Li 2004; Paulesu et al 1993), but also in tasks of attention

(Allen et al 1997; Desmond and Fiez 1998; Desmond et al 1997) sensory processing (Gao et al 1996),

memory retrieval (Andreasen et al 1996; Schacter et al 1996b) and language. Andreasen et al (1999)

proposed that a basic deficit in schizophrenia is a failure in the process of monitoring and coordination

of cognition or 'cognitive dysmetria' due to a dysfunctional fronto-thalamic-cerebellar network

(Andreasen et al 1999).

Although the cerebellum constitutes only 10% of the total weight of the brain, it contains more than

50% of the total neurons (Rapoport 2001). Dentate nuclei (superior) cerebellum efferents via the

thalamus and inferior cerebellum afferents via the pons project contralaterally to the frontal lobes and

temporo-parietal lobes respectively (Middleton and Strick 1997; Rapoport et al 2000). Desmond

(2001) has hypothesised that the right superior cerebellum activations, apparent during tests of verbal

working memory, may reflect connections with the left frontal lobes in support of articulatory control,

whereas responses in the left inferior cerebellum may be supporting right temporo-parietal activations

in the hypothetical phonological store (Desmond 2001). Although it is unclear by what mechanisms

this support is contrived, Desmond (2001) suggests the cerebellum is integral in providing feed-
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forward input to the frontal and temporo-parietal lobes, through comparison of the output relayed

from these areas (Desmond 2001).

Maclullich et al (2004) recently demonstrated significant positive correlations between the cross

sectional area of the posterior cerebellum (i.e. declive, tuber, folium) of healthy males, and tests of

story recall (WMS Logical memory), visual recall (WMS Visual reproductions), Raven's Matrices and

digit symbol substitution (WAIS). The area of the culmen (anterior cerebellum) showed a positive

correlation with visual recall, and a trend for a significant association with NART, while total

cerebellar volume correlated with Raven's Matrices, a test of intellectual reasoning (MacLullich et al

2004). This is of particular interest given that greater activation in the high-risk group relative to

controls was shown during correct verbal recognition memory in both the right tuber and bilateral

culmen.

Structural deficits in the cerebellum have also been demonstrated in schizophrenia (Levitt et al 1999;

Nopoulos et al 1999), and may be linked to the dysfunctions in motor control and coordination shown

in first episode and chronic schizophrenics, and the motor developmental abnormalities and

neurological soft signs identified in biological relatives at high-risk for development of the disorder

(Andreasen et al 1999; Niemi et al 2003). Other features of the disorder such as abnormal eye

movement and vestibular function, present in patients and biological relatives, may also be associated

with cerebellar dysfunction (Taylor 2001). This would suggest both a genetic and a

neurodevelopmental aetiology to putative cerebellar linked abnormalities. The late development of

the cerebellum may leave it vulnerable to insult at e.g. birth and the cerebellum's eventual maturation

between 15 and 20 years of age coincides with the beginning of the peak period for development of

psychosis in adults (Taylor 2001). Jurjus et al (1994) described a schizophrenia-like psychosis,

predated by cognitive degeneration and cerebellar neurological signs up to two years before, in the

case study of a 49-year-old man (i.e. ataxia, slurred speech and poor memory) (Jurjus et al 1994).

Mental retardation, poorly systematized delusions, and catalepsy have also been reported in patients

with abnormalities of cerebellar structure and function, with psychotic episodes reported (albeit
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Correct old versus correct new

Between group contrasts for correct old versus correct new events showed increased bilateral

cerebellar activation (left and right anterior lobe, culmen and right posterior lobe, tuber) in the high-

risk group relative to controls (both high-risk participants with and without psychotic symptoms).

This was the most robust activation difference for this contrast, and is convincing evidence of a trait

deficit in the bilateral cerebellum during verbal recognition memory.

Bilateral cerebellum

There has been an accumulation of evidence to suggest the cerebellum has a supportive role in the

brain networks recruited during verbal episodic retrieval. Indeed, there is some evidence for impaired

cerebellar function in schizophrenia during tasks of verbal memory and language (Andreasen et al

1996; Crespo-Facorro et al 1999). These findings are consistent with evidence from neuroimaging

studies in healthy volunteers implicating the cerebellum not only in tasks of verbal working memory

(Awh et al 1995; Desmond et al 1998; Li 2004; Paulesu et al 1993), but also in tasks of attention

(Allen et al 1997; Desmond and Fiez 1998; Desmond et al 1997) sensory processing (Gao et al 1996),

memory retrieval (Andreasen et al 1996; Schacter et al 1996b) and language. Andreasen et al (1999)

proposed that a basic deficit in schizophrenia is a failure in the process of monitoring and coordination

of cognition or 'cognitive dysmetria' due to a dysfunctional ffonto-thalamic-cerebellar network

(Andreasen et al 1999).

Although the cerebellum constitutes only 10% of the total weight of the brain, it contains more than

50% of the total neurons (Rapoport 2001). Dentate nuclei (superior) cerebellum efferents via the

thalamus and inferior cerebellum afferents via the pons project contralaterally to the frontal lobes and

temporo-parietal lobes respectively (Middleton and Strick 1997; Rapoport et al 2000). Desmond

(2001) has hypothesised that the right superior cerebellum activations, apparent during tests of verbal

working memory, may reflect connections with the left frontal lobes in support of articulatory control,

whereas responses in the left inferior cerebellum may be supporting right temporo-parietal activations

in the hypothetical phonological store (Desmond 2001). Although it is unclear by what mechanisms

this support is contrived, Desmond (2001) suggests the cerebellum is integral in providing feed-
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forward input to the frontal and temporo-parietal lobes, through comparison of the output relayed

from these areas (Desmond 2001).

Maclullich et al (2004) recently demonstrated significant positive correlations between the cross

sectional area of the posterior cerebellum (i.e. declive, tuber, folium) of healthy males, and tests of

story recall (WMS Logical memory), visual recall (WMS Visual reproductions), Raven's Matrices and

digit symbol substitution (WAIS). The area of the culmen (anterior cerebellum) showed a positive

correlation with visual recall, and a trend for a significant association with NART, while total

cerebellar volume correlated with Raven's Matrices, a test of intellectual reasoning (MacLullich et al

2004). This is of particular interest given that greater activation in the high-risk group relative to

controls was shown during correct verbal recognition memory in both the right tuber and bilateral

culmen.

Structural deficits in the cerebellum have also been demonstrated in schizophrenia (Levitt et al 1999;

Nopoulos et al 1999), and may be linked to the dysfunctions in motor control and coordination shown

in first episode and chronic schizophrenics, and the motor developmental abnormalities and

neurological soft signs identified in biological relatives at high-risk for development of the disorder

(Andreasen et al 1999; Niemi et al 2003). Other features of the disorder such as abnormal eye

movement and vestibular function, present in patients and biological relatives, may also be associated

with cerebellar dysfunction (Taylor 2001). This would suggest both a genetic and a

neurodevelopmental aetiology to putative cerebellar linked abnormalities. The late development of

the cerebellum may leave it vulnerable to insult at e.g. birth and the cerebellum's eventual maturation

between 15 and 20 years of age coincides with the beginning of the peak period for development of

psychosis in adults (Taylor 2001). Jurjus et al (1994) described a schizophrenia-like psychosis,

predated by cognitive degeneration and cerebellar neurological signs up to two years before, in the

case study of a 49-year-old man (i.e. ataxia, slurred speech and poor memory) (Jurjus et al 1994).

Mental retardation, poorly systematized delusions, and catalepsy have also been reported in patients

with abnormalities of cerebellar structure and function, with psychotic episodes reported (albeit
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anecdotally) late in the clinical course, some time after the emergence of neurological signs (Taylor

2001).

Right middle temporal gyrus

The high risk group as whole, and high risk participants with psychotic symptoms in particular,

showed an increased response relative to controls in the right middle temporal gyrus (extending into

right fusiform gyrus, BA20/21) during correct recognition versus correct rejection. However, given

that those without symptoms did not show an area of similar increased response compared to controls,

it may be that the response is driven those experiencing psychotic symptoms. Within group maps

showed a deactivation in the right middle temporal gyrus in both HR- and HR+ during correct

recognition (for HR+) and during correct rejection (for HR-). This increased response in the HR+

group relative to the controls may therefore be attributable to the reduced response in this area during

recognition compared to rejection. This region of the temporal lobes has been linked to semantic

processing, given that Wernicke's area (Right BA21/22) is reportedly the loci of stored information

relating to the meanings and semantic properties of words (Ganguli et al 1997; Hofer et al 2003a;

Hofer et al 2003b). This may therefore be indicative of ineffective retrieval of semantic information

related to words presented in this group. Of interest is the presumed involvement of the right middle

temporal lobe in auditory visual hallucinations in schizophrenia (Bentaleb et al 2002). Further, the

right temporal lobe has been implicated in verbal self-monitoring in schizophrenia, and its disruption

is potentially fundamental to the development of auditory hallucinations (McGuire et al 1996;

Sherghill et al 2003).

Right Thalamus

Finally, the high-risk participants without symptoms showed a significantly greater response relative

to those with psychotic symptoms in the ventral anterior nucleus of the thalamus. Moreover, when the

threshold was raised, this area showed increased activation in the high-risk group as a whole relative

to controls, before correction for multiple comparisons. HR- showed increased thalamus activation

during correct recognition versus correct rejection and during old versus new contrasts. Similarly, the

within group maps showed increased thalamus activation during ocrrect recognition versus baseline
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and during old versus new contrasts, while HR+ showed only a decreased thalamic response during

encoding. Reduced thalamic activation has been shown in schizophrenics relative to controls during

working memory, verbal recognition and verbal recall tasks (Andreasen et al 1999; Barch and al 2002;

Ganguli et al 1997). Further, Thermenos et al (2004) showed increased left dorsomedial thalamic

activation in non-psychotic first-degree relatives of schizophrenics compared to controls during an

auditory working memory task (relative to a baseline vigilance task). This is of interest given the

connections via the thalamus from the prefrontal cortex to the cerebellum, and may be indicative of

the relaying of information between these areas to effectively perform the task. The increased

thalamic and cerebellar response in this group may be additional evidence to support a genetically

mediated impaired circuitry in the fronto-cerebellar-thalamic network.

9.3 Strengths and Limitations

The study reported here is one of a very small number of functional imaging studies in the relatives of

people with schizophrenia and one of an even smaller number of studies in people still at elevated

risk. The in scanner performance measure demonstrated that the verbal encoding and retrieval task

was performed well by all participants. However, very subtle differences in retrieval responses may

be a mild reflection of the more pervasive memory deficit in schizophrenia, i.e. a non-significantly

greater predilection for new over old responding in the high-risk group, compared to controls. While

this difference was not hypothesised, difficulties in discrimination between studied and unstudied

words have been reported previously in schizophrenia, and attributed to an ineffective binding of

event features during encoding (Danion et al 1999; Huron and Danion 2002; Huron and Danion 2000;

Huron et al 1995). Indeed, Cirillo and Seidman (2003) concluded that schizophrenics are impaired in

the learning of new verbal information, possibly due to an inability to spontaneously semantically

organise information (Cirillo and Seidman 2003).

By modifying this paradigm, for example, through the inclusion of a confidence judgement task, the

basis of participants' memory judgements would have been established (i.e. high confidence, through

explicit recollection of the word and its learning event, or low confidence, through only a feeling of

familiarity about that word). Similarly, given that word classification performance was unimpaired in
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all groups, it is possible that the increased inferior parietal response was compensatory for a reduced

frontal response in the high-risk participants with psychotic symptoms specifically. However, any

inferences about the nature of the encoding processes during this task (i.e. likely a mixture of both

semantic and phonological coding) are also limited without an additional task controlling for

phonological or perceptual judgement (e.g. counting number of T junctions in word). Future work

may benefit from the introduction of a modified paradigm to allow for measurement of these factors in

this group.

An additional limitation to this analysis is the moderate number of events included (i.e. 36 targets and

36 lures). This number was chosen to limit the amount of time participants were required to spend in

the scanner (i.e. two paradigms were presented during the scanning period, this task preceded by the

13 minute word generation task). In total therefore, there were on average approximately 50 correct

events across participants. For our correct old versus correct new comparison in particular, this most

likely reduced statistical power to detect significant responses both within and between groups.

Moreover, a comparison of incorrect old and incorrect new events was precluded due to too few

incorrect response events.

The number of participants in our control and high-risk groups would however have at least partially

offset this low statistical power in the analysis. 21 controls participated in the scanning paradigm,

along with 27 high-risk participants with psychotic symptoms and 41 without. There were however

more robust activations in the latter group, suggesting that equal groups of about 40 may have been

more successful in detecting other between group effects, although it has recently been suggested that

for SPM2 random effects analysis uneven group numbers should not affect the results (See

SPM@JISCMAIL.AC.UK"). Gender is also an important consideration in the interpretation of

findings. However, there were no significant differences in gender ratios between our groups, nor has

there been evidence of gender differences in the neuropsychology (Byrne 2003) or in the word

generation task at second level in the EHRS groups (Whalley et al 2004). For this reason we chose

not to introduce gender as an additional regressor to the analysis. Finally, there were significant

differences in IQ between the high-risk and control group sample overall. However, this was not a
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significant effect in the current group. Moreover, although IQ contributed to a proportion of the

variance on our measures of memory described in investigations 1 to 3, memory deficits remained

after introducing IQ as a covariate.

The reanalvsis of the fMRI data in SPM2 following the same analysis in SPM'99 raises the issue of

the need for correction for multiple comparisons?. We thought it necessary to conduct three between

group comparisons. This was mainly due to the experience of psychotic symptoms among some of

the high-risk participants, which could be considered an intermediate phenotype for the disorder. Few

studies have addressed the effects of transient, isolated psychotic symptoms on performance or

functional brain activations in unaffected biological relatives of schizophrenics. Despite our prior

hypothesis that differences in BOLD fMRI between groups would be characterised by relative

hypei activity, two-tailed t -tests were computed in the event that alternative response differences

emerged between the three groups (as is standard). This approach to the between group effects

analysis may be considered a limitation, but, to counteract this, only the results of the random effects

analysis have been reported and maps were thresholded at a conservative p<0.001. Again, we

consider that this balances the chances of a type I and a type II error over the study as a whole.

However, p values uncorrected for multiple comparisons for regions of interest were also reported

when of particular interest. The extent of uncorrected p values reported may be considered a

limitation. It was decided not to raise the threshold due to a leak of specific apriori hypotheses.

However, in instances where the threshold was periodically raised to p<0.05, some areas became

significant. It is unclear why so many of the p values were only significant before correction.

However, it is thought that the reduced number of events due to the types of contrasts used may have

also reduced power. The similarity between event types being contrasted may also have resulted in

fewer differential areas of response (e.g. ineffective cognitive subtraction), while the event related

design may have resulted in a less robust averaged signal than achieved with a blocked design task of

the same event types.
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9.4 Conclusions

9.4.1 State effects

High-risk participants with transient psychotic symptoms showed an increased response in the left

inferior parietal lobe relative to both controls and those high-risk participants without psychotic

symptoms, during the word classification task. During correct recognition relative to correct rejection,

the same group also showed a larger response in the right middle temporal gyrus (BA20/21), relative

to controls, but not relative to high-risk participants without symptoms. It is conceivable that these

responses may be fundamentally genetically mediated aberrations (i.e. there was a non-significantly

enhanced response in the IPL in a previous study of the same group, and there were no significant

differences between those with and without symptoms in the middle temporal gyrus). However, the

more robust response in those participants with psychotic symptoms suggests that the enhanced

functional activations in these regions are at least partly responsible for or exacerbated by the partially

psychotic state of the participants. Furthermore, these areas, although integral to language and

memory, may be directly linked to deficits in meta-cognition and the more florid symptoms of

psychosis in schizophrenia. 21 of the 27 high-risk participants with transient psychotic symptoms

underwent a clinical examination on the same day as the scan, while the other 4 were examined within

2 weeks, and the other 2 within 4 months of the scan. Although the PSE covers 1 month prior to

examination, it is likely that the latter two participants may have been experiencing transient psychotic

symptoms at the time of scanning. However, the nature of the interaction between psychotic symptom

experience, task performance, and activation in these areas remains unclear.

9.4.2 Trait effects

The high-risk group as a whole showed a greater response relative to controls in the right inferior

frontal gyrus during word classification. This response was significantly different between the high-

risk participants with psychotic symptoms and controls, but non-significantly greater in those without

symptoms relative to controls, and likely attributable to the reduced activation during word

classification relative to baseline in the high risk group. The greater cluster size and response in those

with symptoms suggests both a trait and state related continuum of activation, which is greatest in

those with psychotic symptoms, then those without, and then controls. Activation of this area is
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normally associated with the accessing of semantic networks and subsequent successful recall. It is

possible that this is an indication of ineffective frontal response during the retrieval of semantic

information from temporal regions, and could therefore be an indication of disrupted fronto-temporal

connectivity.

During the correct verbal retrieval of studied versus unstudied words, the high-risk group (including

both those with and without psychotic symptoms) showed an increased response relative to controls

bilaterally in the cerebellum. Although less attention has been focused on this area in schizophrenia, it

is a crucial component in the network of regions supporting verbal encoding and retrieval. The

bilaterally increased activation may reflect the contralateral links to the temporo-parietal and frontal

lobes, with projections from the superior cerebellum to the frontal cortex via the thalamus, and from

the inferior cerebellum to the temporo-parietal cortex via the pons. This is a robust indication of an

aberrant ffonto-thalamic-cerebellar network in unaffected biological relatives, which may underlie the

mild verbal memory deficits reported in this group.
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Chapter 10: Final summary and conclusions

Evidence from neuropsychological studies in schizophrenia supports the notion of a core verbal

memory deficit in schizophrenia, in both acquisition and retrieval processes. The point of

deterioration is unclear, but the literature generally supports stability of cognitive function throughout

the course of the illness. Furthermore, structural and functional imaging studies in schizophrenia have

highlighted deficits in areas integral to memory processing, including the frontal and temporal lobes

and cerebellum. Indeed, evidence from investigations of functional and effective connectivity in

schizophrenia, suggest both ffonto-temporal and fronto-thalamic-cerebellar dysconnectivity as

fundamental to the cognitive deficits apparent in the disorder. Given the possibility that declarative

memory is a differential deficit in schizophrenia, independent of executive and intellectual function,

we chose to investigate this aspect of function in participants at enhanced risk of developing

schizophrenia by virtue of their age and close blood relationship to individuals affected by the

disorder (EHRS).

10.1 Quantification of verbal memory deficit in biological relatives of schizophrenics

A previous meta-analysis of neuropsychological function in schizophrenic relatives revealed the

largest effect sizes to be for global memory and set-altemation. The systematic meta-analytic review

presented in this thesis sought to quantify the nature of the declarative memory deficit in unaffected

biological relatives of schizophrenics. We revealed small to moderate effect sizes, with overlapping

95% confidence intervals, across tests of verbal and non-verbal memory, and intellectual function.

However, the largest effect sizes were apparent in immediate verbal recall and immediate and delayed

prose recall. We concluded that this might be indicative of genetically mediated and possibly more

left lateralised encoding and retrieval deficits, which are milder than those experienced in individuals

with schizophrenia.

10.2 Verbal memory as a putative indicator ofpsychosis in the high-risk group

The Edinburgh High Risk Study is of especial interest given that participants with first and second

degree relatives affected by schizophrenia were recruited while they were still in the age period of

maximum risk for development of the disorder. It was expected that the study would follow these
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participants through 60% of their period of maximum risk and that between 15 and 20% of the sample

would eventually develop schizophrenia. Around the latter number have since developed the disorder

and a greater proportion still have shown a predisposition to the experience of transient, isolated and

partial psychotic symptoms. Analysis of the baseline performance of those who did and did not

develop schizophrenia on average three years later, showed only one potential neuropsychological

predictor of psychosis in this high-risk group. Total verbal learning over five trials, was significantly

lower in the 13 individuals who are now schizophrenic relative to those in the high-risk group who

remain unalfected. This putative indicator of psychosis may reflect pathological brain changes a

considerable period before the onset of schizophrenia, and therefore implicates regions integral to

verbal learning and memory including the frontal and medial temporal lobes.

10.3 Verbal memory performance over time and the influence of genetic liability in the

high-risk group

Our investigation of neuropsychological performance between the first and latest assessments of those

in the high-risk and control groups with at least two assessments, showed stable impairments in the

former relative to the latter group on tests of verbal memory, executive and intellectual function. Only

tests of verbal memory survived controlling for verbal IQ, suggesting a deficit independent of

intellectual performance ( as measured by NART). While those who are now ill showed the poorest

performance of all groups, there were no significant groups by time interactions, suggesting that (on

an average of three assessments prior to the development of schizophrenia) there were no

neuropsychological performance decrements relative to the other groups. However, this analysis was

limited in particular by the small group numbers, and by the varying periods between the first and last

assessments between groups, which may have precluded the detection of a significant group by time

interaction. Indeed, the mean verbal fluency scores of those who are now ill showed a decrease

relative to an increase in the scores of all others, over time. Both tests have been shown to recruit both

frontal and temporal regions during the access and retrieval of information based on phonological and

semantic cues. This may implicate pathological brain changes in these areas associated with the

development ofpsychosis.
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There is no evidence to suggest that a predisposition to the experience of partial, isolated, and

intermittent psychotic symptoms has any effect on performance over time. While patterns suggest a

slightly poorer performance overall in this group relative to those who have never experienced

psychotic symptoms, this has several potential explanations. It may be due to the transient

interference of these symptoms at the time of assessments (i.e. where symptoms may have been

present), as we now invoke to explain the apparent deterioration reported in this sample by Cosway et

al (Cosway et al 2000). It could reflect an unidentified sub-group who is yet to develop

schizophrenia, and may yet therefore exhibit worse neuropsychological performance over time.

Alternatively, it could reflect that there are stable trait deficits in verbal memory that are possibly

genetically mediated, as part of an extended or intermediate phenotype.

Similarly, genetic loading did not influence performance change over time. In fact, although

increased genetic loading showed a negative linear association with performance on some tests e.g.

prose recall and verbal fluency, this was not the case across all tests e.g. block design. This implies

that some neuropsychological deficits are sensitive to genetic loading, while others have a more

complex relationship.

10.4 Verbal and non-verbal learning and memory in the high-risk group

For the first one hundred participants to undergo a scan we investigated further any differences

between the high-risk and controls in verbal and non-verbal learning and memory. The CVLT enables

a more comprehensive analysis of aspects of learning e.g. clustering, which may impact on subsequent

recall. While significant differences were apparent on aspects of delayed and immediate recall,

semantic and serial clustering scores showed only non-significant patterns of differences between

groups. This suggests that recall performance may be attributed to both encoding and retrieval

deficits, and that these deficits worsen in individuals with the disorder. Performance on the test of

visual recall and recognition surprisingly showed only a recognition deficit. The high-risk

participants made significantly less correct old responses, but an equivalent number of correct new,

compared to controls. This may be an indication of difficulties in discriminating studied items from

novel items, which may share similar feature level properties. Conversely, novel items may be
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rejected more confidently due to their lack of familiarity (i.e. recency judgement). This further shows

that declarative memory impairments are not domain specific, but are apparent for the acquisition and

retrieval of both verbal and visual information. However, without the neuroimaging of the brain

during engagement in these tasks, it is difficult to be sure that participants are recruiting areas, which

support visual processing alone. Indeed, it is possible that some visual tasks will recruit both verbal

and non-verbal strategies to perform the task.

10.5 Functional MRI of word classification and old versus new recognition

Functional MRI enables the in vivo imaging of the brain BOLD functional response, while engaged in

specific cognitive operations. Based on the preceding evidence for verbal declarative memory

impairment, we attempted to characterise any differences in physiological brain responses during a

low level word classification/explicit encoding and old versus new forced choice recognition

paradigm. All groups performed both tasks well, and there were no significant differences in accuracy

or reaction time. However, there were subtle differences in the nature of responses between groups,

with the high-risk participants showing a non-significantly greater predilection for new over old

responses relative to the controls. Similarly, the difference in reaction time in the high-risk

participants with symptoms during correct old relative to correct new responding was non

significantly greater in magnitude than the difference in the control group. This result was consistent

with the previous visual recall test (investigation 4), and also suggests that the high-risk group may

have a subtle difficulty in identifying old items, but not in identifying those that are new (and

therefore less familiar). While these results suggest that the basis for recognition (e.g. explicit

recollection or familiarity) may be different between the high-risk and control groups, these results are

not significant. Further, without a modified paradigm or subjective report as to the confidence and

nature ofjudgements made, we can make no conclusive inferences regarding this pattern. However, it

can be said that this pattern of responding is milder but consistent with that apparent in people with

schizophrenia.

Our paradigm did however enable the characterisation of differences between groups in functional

brain response during the accessing of semantic information and the recognition of studied
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(semantically) versus unstudied words. An uncorrected state related hyper-activation in the left

inferior parietal lobe is consistent with a similar result in the same group during a covert word

generation task. This regional activation was therefore not task specific, although considered integral

to both language and memory. Moreover, this activation was not associated with a linear increase in

task difficulty in a similar paradigm in the same group. It is suggested therefore that the left inferior

parietal lobe, previously demonstrated as associated with meta-cognition in schizophrenia (Spence et

al 1997), may be reflective of the development of some (possibly early) features of psychosis in

biological relatives of schizophrenics. While this difference in activation was not detrimental to

performance, it does highlight the increased sensitivity of fMRI to detect state related differences

between groups, which are not revealed using neuropsychological tests. In the word generation task

with the same group, this regional activation was less in those without symptoms than those with, but

greater in those without than controls. This suggests a fundamental trait deficit, but a manifest

dysfunction only in those experiencing psychotic symptoms.

The possible trait deficit apparent in the hypoactivity of the right inferior frontal gyrus during the

word classification task also implies a genetic basis to functional deficits, which are heightened in

those who have developed some psychotic symptoms. There may therefore be an interaction between

genetic vulnerability and psychotic symptom experience, which is only very tentatively indicated in

patterns of neuropsychological performance. Future research in this group would benefit from an

analysis of this middle frontal gyrus activation in those participants scanned, who have since

developed schizophrenia (of which there are now six). Otherwise, an apparent lack of frontal

abnormalities suggests that these may be a feature of task difficulty or effort.

An unexpected and significant increased bilateral cerebellar response during the successful

recognition of old versus successful rejection of new words in the high-risk group relative to controls

is a robust indication of a trait deficit in physiological brain response in this area. The cerebellum is a

crucial component in the brain network supporting verbal episodic retrieval. It is plausible therefore

that this represents an additional genetically mediated dysfunction in the fronto-thalamic-cerebellar

network. Performance was not significantly worse in the high-risk group than in the controls, making
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it likely that this hyper-activation is a compensatory one to assist in the recognition of previous

semantically processed information. Anterior and posterior cerebellar areas were demonstrated as

significantly correlated with aspects of cognitive function, including story recall, visual recall (WMS

visual reproductions), and digit symbol substitution. The strong contralateral anatomical connections

between the cerebellum and temporo-parietal cortex, suggests impaired fronto-thalamic-cerebellar

integrity in this group may underlie our previously identified stable trait deficits in areas of function

including both story recall and digit symbol substitution. However, further work on the functional

nature of the connections in this network may shed light on the cerebellum's role and therefore it's

influence on cognition in schizophrenia.

10.6 Final conclusions

Stable verbal declarative memory impairments along with intellectual and executive function deficits

are apparent in biological relatives of schizophrenics compared to controls. We could demonstrate

only mild patterns of encoding dysfunction in neuropsychological tests. However, the pattern of

results does suggest the contribution of both encoding and retrieval difficulties to declarative memory

deficits of a similar nature to those seen in patients. Moreover, while these are to some extent

associated with the presence of or predisposition to psychotic symptoms, they were a putative

predictor of later schizophrenia development in relatives who developed the disorder an average of

three years later. This suggests that some pathological brain changes linked to the development of

schizophrenia may have occurred before or during adolescence in this group. Furthermore, the verbal

memory performance deficits appear to remain stable over time in the high-risk group, suggesting

only at most a slight worsening of performance in those who eventually develop the disorder. It

would appear therefore that verbal memory deficits are a genetically mediated intermdiate phenotype,

apparent in many more people than will develop schizophrenia, while those most impaired are most

likely to develop the disorder.

Functional imaging has allowed us to investigate further differential brain activations between the

high-risk and control groups during verbal encoding and retrieval processing. Our results revealed

possible state deficits in the left inferior parietal lobe during word classification, and in the right
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middle temporal lobe during successful verbal recognition. However, it is important to note that these

were not significant after correction for multiple comparisons. Further, both regions may be

fundamentally regions of genetic aberration, dysfunction being evident only on sensitive interrogation

(with fMRI) and only in those experiencing psychotic symptoms. These regions have been linked to

deficits in meta-cognition in schizophrenia, and therefore are likely to be involved in the development

of psychotic symptoms. The interaction with cognition in these areas is yet unclear. Given the

successful task performance, hyper-activations do not appear to be detrimental and could therefore be

compensatory to dysfunctions within brain networks; although without functional and effective

connectivity analyses this can only be inferred. However, it is conceivable that additional stress on

such brain networks may lead to disrupted function, which then fails to effectively compensate for

reduced functional integrity in other areas, leading to increased cognitive deficit.

A possible, but again uncorrected trait deficit was apparent in the right inferior frontal gyrus during

word classification, but not during recognition, and attributable to the reduced activation apparent on

the withing group map for the high rick participants with symptoms during word classification relative

to baseline. This may be related to the ineffective activation of semantic networks during the former

task, and previous studies in schizophrenia have indicated hyperactive semantic memory networks as

fundamental to language difficulties in the disorder (Kubicki et al 2003). However, the most robust

indication of a genetically based hyper-activation was shown bilaterally in the anterior and posterior

cerebellum during successful verbal recognition. This could suggest increased relaying of information

between the frontal and cerebellar lobes, in order to compare sensory output and feedback for

effective response. This is also a convincing indication of genetically mediated dysfunction in the

fronto-thalamic-cerebellar network in biological relatives both with and without psychotic

symptomatology. Further, this provides an important insight into the possible functional basis ofmild

verbal declarative memory impairments in biological relatives of schizophrenics. It also holds

promise as a task, which could reveal deficits linked to the early development of psychopathology and

schizophrenia in this group.
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Table1A:Studiesofgeneralcognitiveandmnemonicfunctioninschizophrenia (Forabbreviationsandacronymssee'Abbreviationsandacronymstable') Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

Abbruzzese1993

61SCZ 40C

49M:12F:age27.1years 15M:25F:age29.8years
Storyrecall(AuditoryComprehension Test)

CrecalledmorethanSCZ basedonlength&story complexity

Aloia1998

20chronicSCZ 21C

15M:5F 12M:9F MatchedonagebutnotIQ SCZhighTD(N=9)vs.low TD(N=l1)

Semanticwordpairspriming paradigm WRAT-Reading Wordfluency Categoryfluency Letter-numberspantest PeabodyPictureVocabulary WCST

Nocorrelationsbetween WRATorexecutivefunction
andpriming(primingis increasedrecognitionspeedin presenceof2ndwordrelated

to1stinapair,ratherthan unrelated-linkedtotheoryof spreadingactivation- words/nodesexciteorinhibit eachotherwithinanetwork). PriminginCforhigh- associationwordpairs,less withmedium,butnotalways withlow-associationpairs (thesearenotenvironmentally usefulorrelevantforC) Lowlevelthoughtdisorder SCZshowedsamepatternas
inC,butatenhancedlevels. However,lessdifferentiation betweenmediumandlow associatesisevidenceof hyper-priming.Suggests incomplete network/disorganisednetwork (SeeChen1994andGurd 1997). HighthoughtdisorderSCZ

Thoughtdisordermaybe
onacontinuumofseverity andauthorsdividedgroups accordingly. Firststudyassociated thoughdisordernotwith executivefunction,but withspeechandlanguage
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

showednoandnegative primingatanylevelof association-difficulty activatingautomaticallythe semanticallyrelatedelements
inspeech-maygoforless relevantwordinsteadi.e. looselyassociatedwords.

Bacon2001

19SCZ 19C

Mean39.5years
NodifferenceinWAIS-R1Q.

Semanticrecognition(general knowledge)memorytest (remember/know) WMS-R WAIS-R

SCZimpairedsemantic memoryrelativetoC Confidencejudgements(CJ) andFeelingofKnowing (FOK)notsignificantly differentbetweengroups. CorrectrecallandlowFOK morefrequentinSCZthanC

Babcock2004

149C 109SCZ

SplitintoIQscorecategories NPondifferentIQgroups PreservedIQ <10ptdifferencepre-current (N=45); DeterioratedIQ
>10ptdroppre-current (N=47); CompromisedIQ Pre&current<90,

nodecline (N=17)

ShipleyInstituteofLivingScale (SILS-WAIS-RIQcurrentestimate derived) NART Neuropsychologicalbattery(inc. inspectiontime/speedofprocessing; memory;executivefunction)
1/hypothesis:thatspeedof infoprocessingisdirectly correlatedwithintelligence,so preservedintellectswould processfasterthan compromisedand deteriorated. 2/hypothesis:isthatslow processingisafeatureofSCZ compatiblewithpreserved intellect. Resultsinfavourof2.Those withpreservedintellectshow deficitsinspeedofprocessing, equivalenttothosewith deterioratedorcompromised andlessthancontrols (nocorrelationbetween inspectiontimeand medicationdosage).
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

Executivedysfunctionbetter
inpreservedSCZbutstill reducedrelativetoC-so dysfunctionexistsdespite preservedintellect.

Barch1996

75medicatedSCZ 25unmedSCZ 10Ds 28C

SemanticPriminginword pronunciation

Atstimulusonset<950 msecs,SCZequivalentto othergroupsinpriming. At>950msecs,SCZless primingthanC. Automaticprimingisnormal
inSCZatlessthan950msecs, butabovethathigherlevel processingmaybeaffected.

Medicationdosage associatedpositively withpriming<950 msecs.

Basso1998

62SCZ

45M:17F:mean32.2years
Wordfluency Categoryfluency WMS WCST Halstead-ReitanBattery WAIS-R

Negativeanddisorganised symptomsrelatedto generalpoorperformance, executivefunctionandalso relatedtomemory& attention. Psychoticsymptomsnot associatedwithNP- increasesinseverityoften showedenhanced performance

Bazin1996(abstract)
SCZ,C

(Implicit&explicit)PairedAssociates task

SCZ=Cimplicittaskandused contextualinfotosameextent. SCZimpairedexplicittask. Contextimproved performanceinbothtests. Deficitin'interactivecontext' (Baddeley1992?)

Bazin2000

30SCZ 30C

22M:8F:mean32.4years 15M:15F:mean28.5years
SentenceCompletionandSemantic PrimingTask Incompletesentencesandtofillinlast word-basedonpresumedmeaningof ambiguouswordinsentence.Target sentencesfollowedwithother
SCZusedmostcommon meaningofambiguousword irrespectiveofwhether relationofcontextandtarget sentencewasimplicitor explicit.
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

sentencewhichexplicitlyprimed(or notorimplicitly)thelessfrequent meaningofprevioussentence's ambiguousword-couldusecontextto informyourinterpretationoftarget sentence..

SuggestsSCZdon'tuse contextappropriately.

Beatty1993

26SCZ 20SCZaff 20C

10M:3F:mean33.2years 6M:7F:mean32.5years 9M:1IF:mean34.7years Nosignificantdifferencesin education

Wordfluency Categoryfluency Designfluency Immediateanddelayedverballist recall WCST DigitspanFWandBW

Memory:SCZandSCZaff producedlesslettersand recalledlesswords immediatelyandafterdelay thanConwordlistlearning. WorsevisualmemorythanC Increasedratesofforgettingin SCZrelativeto.SCZaffand C,butrecognitionpreserved. Possiblyreflectsretrieval problems Executivefunction:SCZand SCZafflesswellthanConall measures

Berthet(abstract)1997
35SCZ 35C

Mean31.9years Mean31years Age,sex&educationmatched
(1)Explicitvs.implicitmemory
Differencebetweengroupsin consciousbutnotautomatic memory. Suggestsautomatic(implicit) processesareunaffectedin SCZ.

Negativecorrelation betweenpositive symptomsandconsciously controlledmemory. Independentofpsychotic symptomsorrelatedto temporallobes.

Bilder2000

94FESCZ (<12wksmedication) 36C

Mean25.7years Mean25.3years Significantdifferencesin education,butnotgender.
Wordfluency Categoryfluency WMSLogicalMemorytest WMSPairedAssociates CVLT WMS-Rvisualreproductions RCFT WCST

Generaliseddeficitof1.5 pointsbelowC.Language preservedbutmemoryworst (butnotamnesia)and executivedeficitsalso apparent. Bothmemory,executiveand
Medicationinversely correlatedwith memoryandglobal performance- chlorpromazineand benztropine.

Symptomsnotcorrelated withNPatentrybutnotat clinicalstabilisation
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

Trail-makingA&B WAIS-Rfulltest WRAT-Reading Motortests

attentiondeficitsinmore severelycognitivelyimpaired SCZ.SCZwithbettergeneral ability/nonimpairedjustshow memorydeficits. Parallelsdeficitsinchronic patients,thoughlesssevere-is thisreflectiveofdeterioration orsamplingbias,i.e.some FEsdon'tbecomechronic. Aftercontrollingformemory deficitsonlymotorproblems differentiatedSCZfromC.

Binder1998

20(shortprodrome) SCZ, 20(longprodrome) SCZ,(AllFE) 40C

10M:10F:age30.9years 10M:10F:age32.2years 20M:20F:age31.7years
WAIS-Informationandsimilarities tests Categoryfluency(semantic supermarkettest) WAISBlockDesignandPicture Completiontests WMS-RLogicalmemory WMS-RVisualReproductions CVLT Stroop WAISDigitSymbol CPT SAT WCST

SCZworsethanCinalltests exceptvisualmemory,short- termmemoryandabstraction whichwerenodifferentfrom C. Nodifferencebetween patientsgroups.Thissuggests noeffectsoftimeofillness onsetinSCZ.

Norelationshipbetween lengthofillnessand psychopathologyand cognitiveimpairment.

BinksandGold1998
30SCZ

25M:5F:mean34.8years (meanillnessduration13 years)

CVLT Verbalfluency WRAT WMS-R WAIS-R WJ-R WCST Trail-making Lineorientationjudgement Tasksmatchedfordifficulty.
Differentialdeficitsin processingspeed,visual processinganddelayed memory. SCZStrengthsinauditory processingandcrystallised intelligence/languageskills(as revealedbyWJ-R)

Blanchard&Neale1994
28SCZ

Allmales

WMSLogicalMemory

SCZimpairedrelativetoCin

Nosignificantcorrelations
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

non-medicatedfor2 weeksforresearch purposes 15C

Mean39years Mean37.9years

WMSVisualReproductions VerbalFluency FacialRecognition WCST Motortests(Purduepegboard) Standardisedresidualscores
verbalandnon-verbal memory,executivefunction, motorandperceptualability. Deficitsaregeneralisedand notdifferentialinmemory (althoughlargestmean differenceapparentin semanticmemoryandsmallest

inmotorfunction). UsedSaykin'smethodof standardisedresidualscores, butstillnotenoughtomeet Chapman&Chapmancriteria, i.e.doesnotremoveeffectsof aglobaldeficit.

betweenmedicationand NP

Brebion1997A

40SCZ

Assessedonpositiveand negativesymptomsand depression.

Immediate&delayedfreerecallof non-organisable&organisable (semantically)lists Immediate&delayedrecognition Implicitmemory(stemcompletion task)

Depressivesymptoms associatedwithdeepbut notsuperficialencoding. Noassociationswith negativesymptoms. Erroneousmemory associatedwithpositive symptoms.

Brebion1997B

38SCZ 38C

26M:12F:mean34.4years 24M:14F:mean37.7years Age,sex&educationmatched
Verbalencoding(shallow&deep) Immediateanddelayedfreeandcued recall(X6lists16words(2organised semantically). Recognition(implicitrecall-stem completion DigitspanFW&BW

Supportforhypothesisof encodingdeficitinSCZ (couldalsoberetrieval problemstoo). SCZdidn'tusesemantic propertiestoencodeasmuch asC,anddespitecues,didn't recallasmuch-suggestspoor encodingorganisation. Fewercategoriesrecalled. Serialrecallusedmoreoften andisunimpaired.

347



Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

SmallerFW&BWDigit span. Noproblemsinstem completion-implicitmemory intact.

Brebion1999

33SCZ 40C

27M:13F:mean33.7years 26M:14F:mean37.1years Significantdifferencesinage andeducation(covaried)
Freewordlistrecall(seeabove) Intrusionsandfalsealarms Recognitionfollowingintentionaland incidentallearning-Falsealarms
Nodifferencesbetween groupsonmemoryerrortypes.

Positivesymptoms associatedwithmore errors(intrusions&false alarms).

Brebion2000

49SCZ 40C

31M:18F:mean33.1years 26M:14F:mean37.1years Age,sexandeducation equivalent

4lists16words-Superficialencoding- recalloflistitemssequence Deepencoding-2semantically organisablelists-numbercategories recalled Storage-differenceimmediateand delayedrecall Stroop&digitsymbolprocessing speedtimes DigitspanFWandBW

Processingspeedpredicts numberofwordsordigits recalledinasequence.The fasterthespeed,themore oftentheycanberehearsedin theloop. Differencesbetweennumbers
ofitemsrecalledwere significantbetweengroups untilcontrollingfor processingspeed. Largeinferencethoughthat fasterprocessingspeed= morerehearsalin phonologicallink.

Bruder2004

29SCZ (23SCZand6 SCZaff) 26C

17M:12F:mean32.7years 14M:12F:mean28years Significantdifferenceson education(covaried) Successfulauditorytone discriminators-i.e.equivalent
Tonediscriminationscreening test=SATDsandNSATDgroups WordserialpositiontestWSPT Dichoticlisteningtest WMS-R WA1S

SCZSATDperformedmore poorlythanConWSPTand verbalmemorytest(butnot visual),butequallyon perceptualprocessing.WSPT performancenotdueto difficulty-managedtone discriminationwell.Trouble withwordsinbeginningand middleindicatesverbal memorydeficit.
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

toC(SATD)(N=17) vs.nonsuccessful(NSATD) (N=12)

SCZNSATDshowedoverall poorperformancesuggesting moregeneraldeficit. Adisturbancecommonto workingmemoryandlong- termmemoryrecall?

Bryson2001(abstract)
33deficitSCZ 57nondeficitSCZ

WMS-R HVLT WCST WAIS-R Factoranalysis3factors:simple verbalmemory,semanticverbal memory,executivefunction.
DeficitSCZworsethannon deficitonexecutivefunction butnotverbalmemory (semanticorsimple). Verbalmemorymaybemore generaltraitdeficit?

Buchanan1994

18deficitSCZ 21non-deficitSCZ 30C

15M:3F:mean35.3years 17M:4F:mean32.3years 20M:10F:mean34.2years DifferenceinWAIS-RIQ (covaried)

WMS Wordfluency WCST Stroop Trail-makingB Linejudgement Facerecognition(Mooney) WAISBlockDesign WAIS-RFSIQ

Intelligenceperhapsshould notbecovariedforasa nuisancevariable(aswas here).TheinvolvementofIQ andotherareasofcognition cannotbedisentangledby statisticalmeasuresalone. CbetterthandeficitSCZon allNPscores. Nodifferencebetweennon- deficitSCZandConStroop interference,trail-makingand facerecognition. Nodifferencesbetweendeficit &non-deficitonmemory measures(temporal) Differencesbetweendeficit andnon-deficitonlyonStroop interference,trail-making (frontal)andfacerecognition (parietal) Seemstospecifymemory

Negative/deficitSCZ associatedwithgeneral poorcognitive performance-fontal impairment
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

testsastemporaland executiveasfrontal,but cannotbesuretheseareonly areasimplicated.

Calev1984A

10chronicSCZ10C
6M:4F:mean19.7years
Verbal(episodic)recall Verbalrecognition Ammons/AmmonsQuickIQtest Tasksmatchedfordifficultyusing Chapman&Chapmanmethods- basedonmeanno.ofcontrolsrecall,

sothatdifferencescannotbeattributed
totaskdifficultyanddiscriminating power,butmnemonicdifficultydueto ineffectiveencoding

SCZperformedsignificantly betteronrecognitionthan recallrelativetoC. SCZperformedsignificantly lesswellthanCatrecall,and marginallysignificantlyless wellthanCatrecognition. SCZusedsignificantlyless categoricalclustering (chunkingduringencoding- Koh1978)thanC.

Nodifferencesbetween anticholinergicpatients andthosepatientsnot medicatedonmemory performance.

Calev1984B

10(nonchronic)on neurolepticsSCZ 10(nonchronic)on neuroleptics+anti¬ cholinergicsSCZ 10C

7M:3F:mean33.8years 7M:3F:mean33.4years 7M:3F:mean33.8years
Verbal(episodic)recall Verbalrecognition Ammons/AmmonsQuickIQtest Tasksmatchedfordifficultyasabove
Non-chronicSCZon neurolepticmedicationdon't performbetteronrecognition thanrecall-mayhavebeen findingpreviouslydueto unmatchedtasks. SCZonantcholinergicsand neurolepticsdoperformbetter onrecognitionthanrecall,& worseonrecallthanjust neurolepticsSCZ-butlower IQ. HoweverSCZonbothtypes

ofdrugswereperhapsmore severeinillnessthanthe others

Calev1987

16chronicSCZ16C
NodifferencesonIQ,ageor education.

RemoteMemoryquestionnaire (famousevents) Blockedwordlistrecallincategories
SCZworseonlistrecallthan remotememory,andworseon listrecallthanC.
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Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

(distractortaskwithdigit-thenrecall, writedownwords) Ammons/AmmonsQuickIQtest Ranmatcheddifficultytaskcheck withC

Noevidenceofamnesic gradientinremotetaskfor SCZ.

Chan2000

20chronicSCZ,20 acuteSCZ&20 youngC 20oldC Nodifferencesinage
oreducation

11M:9F:mean33.5years 11M:9F:mean24.1years 11M:9F:26.5years 11M:9F:34.3years

Immediatewordrecallover3trials Delayedrecall Recognitiontaskafter30mins Sametask,butwithguidanceon semanticcategories,orderof presentationandwordnumber.
SCZrecalllessthanCinboth randomandorganisedlist conditions. Immediaterecallproblems showencodingdeficitinSCZ. Controlsalsorecalledmore afteradelayandretrieved morewordsthanSCZ. AcuteSCZshowdeficitin spontaneousclustering relativetocontrols. Organisationaidedretention

inSCZ.Acuteandchronic exhibitsimilarlevelofdeficit
sodoesnotappeartoprogress withillness.

Chenerey2004

14SCZ 12C

11M:3F:mean33years 9M:3F:mean33.4years Nosignificantdifferenceson age,sex,educationorNART-
IQ

SemanticPrimingandContext processingofwordpairs NART

SCZenhancedprimingat shortstimulusonsetandlow pairrelatedness.Decrements atlongstimulusonsets

Semanticprocessesnot relatedtoillnessduration orthoughtdisorder.

Clare1993

12SCZ 12C

7M:5F:mean42.7years 7M:5F:mean43.2years Age,sexandNARTIQ matched

RBMTStoryrecall Faceandwordrecognitionforced choice SCOLP Categoryjudgement Pursuitrotortask Jigsawcompletion Wordstemcompletion Implicitlexicalprimingtask NART

(a)SCZworsethancontrols onepisodicmemory(incface recog)tasks. (b)Slowerandmoreerrorsin SCZinsemantictasks.
(c)Normalpriminginimplicit memorytasks.
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Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

(d)Bothrecognitionandrecall affectedinSCZ-reflectsthe amnesicsyndrome?

Colomboetal1993
18SCZ 18C

12M:6F:age28.4years 13M:5F:age33.4years
WMS MRIscan

(a)Nodifferencesintemporo- limbicmorphologybetween patientsandcontrols. (b)Differencesbetween groupsonfactor1(immediate learningandrecall)andfactor 2(attentionand concentration)oftheWMS (butnotfactor3infoand orientation) (C)Noapparentrelationship betweenstructureand function-disputestheoryof functionallocalisation.

Cuesta&Peralta1995
40SCZ

31M:9F:mean27.7years
Storyrecall(immediate&delayed) Textcomprehension WMSVisualmemory RCFT Wordfluency Categoryfluency Luria'sexecutivefunctiontest Trail-making WAISDigitSymbol WAISDigitSpan

Positivesymptomsonly positivelycorrelatedwith visual-motorfunction. Negativesymptoms negativelycorrelatedwith intelligenceandvisuo- motorcontrol&attention. Disorganisationnegatively correlatedwithverbal memory,languageand visuo-motorcontrol.

Danion1999

25SCZ 25C

17M:8F:mean29.9years 17M:8F:mean30.8years Nosignificantdifferencesin ageoreducation

Objectpairing.Recognitionmemory forsourceandobject. Remember/Knowresponse RBMTpictureandfacerecognition WMS-R WAIS-RIQ

(a)SCZrecognitionbasedon noeticawareness (Know/Familiarity). (b)Sourcerecognitionmost accuratewhenbasedon autonoetic(remember) memory.

ShortWAIS-RIQ& medicationdidnot correlatewith performance
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(c)Objectbutnotsoured recognitionatchancelevel only. (d)Problembindingaspectsof eventsintowhole.

Danion2003

24SCZ 24C

15M:9F:mean32.4years 15M:9F:mean32.4years Samelevelofeducation
Episodicmemory-autobiographical memoryfluency. Semanticmemory-autobiographical memoryenquiry

Impairedepisodicand semanticmemoryinSCZ.

Danion2003

24SCZ 24C

15M:9F:mean32.4years 15M:9F:mean32.4years Samelevelofeducation
2listsof30wordswithmixtureof negative,positiveandneutral emotionality.Recognitionafter readingandmakingjudgmenton pleasantness.Remember/Know decision.

(a)SCZgavefewerremember responsesthanC (b)SCZconsciously recollect/rememberemotional overneutralwords.

Dickinson2004

97SCZorSCZaff 87C

74M:23F:mean40years 61M:26F:mean37.6years Ageandeducationcovariates.
WMS WAIS-R

Toinvestigatedifferentialorgeneral deficitusingsinglecommonfactor analysis

(a)SCZaccountedfor47% variancebetweenSCZ&Con WAIS-Rsubtests&Single CommonFactorAnalysis suggests65%varianceis throughsinglecommonfactor. (b)Onlyselectiveindependent factorsofdigitsymbol& familypictures(visual episodicmemory). (c)Processingspeedseparate fromothercognitivefactors- truealsoinnormal populations(Keith1997). (d)Vocab&infoofWAIS werepreservedinSCZ& blockDesignlessaffected thanothermatrixreasoning tests.(CRYSTALLISED INTELLIGENCE).
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(e)WAIS-Rloadedhigheron commonfactor(1Q)than WMS-R.Verbalmemory varianceaccountedforby commonfactor.SCZ performancemediatedbya singlecommonunderlying factor.

Drakeford2002 (abstract)

10SCZ 10Ds 10C

Auditoryrecognitionmemoryfor previouslyheardandnovelsentences. Remember/Knowdecision.
(a)Nosignificantdifferences betweengroupsonrecognition (hitsandfalsealarms) (b)SCZhadmoreknowthan rememberresponsesthan other2groups. (c)SCZmadefewer rememberresponsesthanC& depressives.

Duffy&O'Carroll1994
40SCZ 18Korsakoff"patients
MMSEandage(Korsakoff's older)covariedforinsecond analysis-significantdifferences retained.

RBMT DigitspanFWandBW WMSPairedAssociates Sillysentencessemanticmemorytest Verbalfluency

(a)Bothgroupsshowed normalSTMonDigitspan tasks. (b)SCZworseonsemantic memorythanKorsakoffs (slower&moreerrors) (c)SCZhadpoorepisodic memory(5%severeasin Tamlyn92&McKenna'90), thoughsuperiortoKorsakoffs (100%severe), ofsemanticmemory? (d)Evidenceofdouble dissociation. CalevsaysVFissemantic,but
nodifferencesonVFhere-do sillysentencesandVF measurediffaspectsof semanticmemory?

Positivesymptomsneg correlatedwithRBMT screeningscore
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Egeland2003(abstract)
53SCZ 50Ds 50C

Significantdifferences betweengroupsinIQ

Declarativeandworkingmemory tests.

(a)MemorydeficitexceedsIQ deficitinSCZ (b)Depressivesimpairedin workingmemoryonly- suggestsretrievalfailure. (c)SCZimpairedinall memorytests-suggests acquisitionfailure.

Nocorrelationwith positivesymptoms(i.e delusions)andsemantic memory. Significantpositive correlationbetween semanticmemory& chronicity- corticalatrophyofstorage?

Elliotetal1998

32chronicSCZ 24C

Meanage39.8years Meanage38.2years
NodifferencesinIQ(NART)

AttentionalShiftTest(CANTAB) RecognitionMemoryTest (CANTAB) MMSE

SCZimpairedon perseveration(stuckinset)but notonlearnedirrelevance (eventhoseinpreservedIQ group) Impairedonbothpatternand spatialrecognition

Nocorrelationof attentionalshifting withrecognitionor MMSE
Nodifferencesbetween medicationtypes groups(clozapinevs. traditional neuroleptics)

Elvevag2000

20SCZ 28C

16M:4F:mean36.9years 15M:13F:mean32years SignificantdifferencesonIQ
2lists15wordsatdifferenttime periods-askedtoreproducelistorders fromrandomwordarray WRAT Cattel'sCultureFairFluidIntelligence Test WAIS-RShortForm

(a)Recallandrecognitionof listsimpaired.Temporal orderplacingofwords impairedinSCZrelativeto controls.Whencontrolling forrecalldifferencesthis temporalorderimpairment disappears,(b)Couldbe relatedtoconstructive memory/contextmemory impairment

Elvevag2002B

26SCZ 33C

Mean33years Mean33years SignificantdifferencesinIQ
Probedserialrecallforletterstask WRAT WAIS-RShortForm

(a)Okayinrecallformore recentitems,butSCZ impairedinrecallofearlier listitems- (b)Couldbeduetoimpaired itemmaintenanceandnot temporalorderdeficit.

Elvevag2004

22SCZ 25C

17M:5F:mean33.4years 9M:16F:mean34.6years
Wordlistrecognitionofstudiedwords alongwithunstudied(someofwhich
(a)Cmoresusceptibletolures atfreerecallthanSCZ,and
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semanticallyrelatedtostudied). Freerecall

mademorefalserecognition errorsthanSCZ. (b)Despitepoorermemory, SCZarenotsusceptibleto interferencefromprevious taskstoextentofC!!! (c)Huron&Danion(2002) showedlessfalsealarmsin SCZtoo.

Evansetal1997

31SCZ 35braininjured 26C

Meanage38.9years Meanage40.4years Meanage39.1years

BADS RBMT

Bothpatientgroupsimpaired relativetocontrols.SCZ showeddissociated impairmentinexecutive functionandmemory. EveninSCZwithpreserved IQ,showedexecutivedeficit.

Fossati1999

14SCZ 20Ds 20C

8M:6F(18-45years) 6M:14F 7M:13F Age,sex&verbal1Qmatched
Verbalmemorytaskforlistof16 wordspresentedwithcategorycue. Categorycuedrecall Freerecallandinterference Freerecall Recognitionmemory Wordfluency Cognitiveestimate WCST Deliscardsortingtest DigitspanFWandBW

SCZbutnotdepressives showedverbalmemory impairment.Bothshow executivefunctiondeficit.

Feinstein1998

23SCZ 10Ds(8unipolar,2 bipolar) 11C

Mean37.7years Mean38.7years Mean25.3years

Categoryfluency(cuedanduncued) Wordfluency Temporalordermemory Remotememory

(a)Categoryfluencyworse thanphonologicalinSCZ. (b)SCZ&Cbothbenefited fromcues,sodisproportionate impairmentonsemantic fluencynotjustduetopoor retrieval-affectedstorage? (c)Typeofinfotobe retrieved(semanticover phonologic)&notactof retrievalitselfisaffected. (d)Memoryfortemporal order:
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Cshowedequivalentmemory forstagesoflifememories. SCZshowedushapedprofile, unlikecontrolsadipinrecall ofmemoriesinearly adulthood-startofillness- acquisitionofnewinfo impaired-poorencodingor acceleratedforgetting? Coredeficitinorganisation& notretrievalthen? Memorydeficitsdueto problemsintemporo-parietal areas(likeAlzheimers).

Gilvarry2000

91SCZ 85relativesofSCZ 66affective psychosis 50C

NART

SCZhavelowerNARTthan relativesandaffectives

Gold1992

36SCZ 18C

Mean33years Mean33.5years
C>SCZeducation NodifferencesonIQ

Effortfulvs.automaticretrieval(3 listsof20wordsvaryinginsemantic organisation(random,unblocked, wordsfromsamecategoriesmixed, blocked,wordsfromsamecategories presentedtogether). Freerecall Recognition Frequencyestimationofdeckofcards withwordsonthem.

(a)SCZimpairedinrecall, recognition,semantic encoding&frequency estimationrelativetoC.. (b)Random&unblockedlist recalldifferedforCbutnot SCZ-(whodidnotbenefit fromsemanticcues).
c)Allinspiteofvarying attentionaldemands.

Gold1992

45SCZ

33M:12F:mean32.5years
WMS-R((l)verbal(2)visual(3) attention(4)delay(5)general) Wordfluency Bostonnamingtest Trail-makingAandB WRAT-Reading WAIS-R ComparedfullscaleIQ(FSIQ)with generalmemoryindex(GM1)and delayedmemoryindex(DMI) measuresusingmatchedt-tests,to
(a)GMIwaslowerthanFSIQ forapprox71%SCZ (FSIQ>by8.64points). (b)DMIwaslowerthanFSIQ forapprox62%SCZ (FSIQ>by5.13points). (c)Attentionalsolowerthan FSIQ-73%betterIQthan attention.Attentionand memoryimpairmentswerenot
IQ-DMIandIQ-GMI comparedtopatients onneuroleptics+anti¬ cholinergicsvs. patientsonneuroleptics alone:Nonsignificant. Deficitscannotbe attributedto medication.

357



Author

Sample

Demographics (M=male,F=female)
Task

Details

Medication Correlations

SymptomCorrelations

comparerelationshipbetweenIQand memory.

correlated&henceattentionis notresponsibleformemory deficit. (d)Nocorrelationsbetween abovememorydifference scoresandothermeasuresof memoryortrialsB,though trailsAcorrelatedwithFSIQ- GMIscore.
(e)Nonmemoryvariables accountforlittleofvariancein FSIQandMIscores. (f)MeasuresacrossWMS-R similarlyimpaired(visual& verbalmemory,attention, immediate&delayedrecall).

Gold1995

70SCZ 30LeftFocal TemporalLobe Epilepsy(LTLE)
42RightFocal TemporalLobe Epilepsy(RTLE)

48M:22F:mean32.6years 12M:18F:mean32.3years 17M:25F:mean32.9years
WMS-R(5indexscoresasabove) WAIS-R Re-rananalyseswithANCOVAto covaryforattentionindex,duetoSCZ differenceonattentionscorerelative

toothertwogroups. PreviouscomparisonsusingCVLT didnotdistinguishgroups,exceptthat LTEwereworsethanothers.
so...memoryimpairmentin SCZattributabletonon- temporalareastoo RTLEbetterongeneraland verbalmemorythanLTLE andSCZ,alsobetterthan LTLEondelayedmemoryand thanSCZonattentionindex. BothR&LTLEbetteron visualmemoryindexthan SCZ.

IQ>GMIin60%LTE,43& RTLE,and72%SCZ.Only SCZhadworseattentionthan IQ. SCZhigherDMIthanGMI, butinRandLTLEthe oppositepatternisapparent.
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Aftercontrollingforattention SCZhavesignificantly superiordelayedmemoryto theLTLEgroup,butstillsub- normal-

Gras-Vincendon1994
24SCZ 24C

13M:11F:age28.2years 13M:1IF:age26.7years
Freerecallandfrequencymonitoring (explicit) Wordstemcompletion/priming (implicit) TowerofTorontopuzzle(implicit)
SCZimpairedrelativetoCon explicitbutnotimplicittasks, exceptintowerpuzzle 'problemsolving'aspects.

Green2004

32SCZ 15C

26M:6F:age45years 6M:9F:age27years

SemanticCategoryPictureSorting Task(overincluder-itemsfrommore than1categoryincluddtogether, underincluder-oneormoremembers ofsamecategorygroupedseparately, ornormal-all9itemsof5categories groupedcorrectly) Categorybasedinductivereasoning taskwithLikertscale NART Ammons/AmmonsQuickIQtest
(1)5of15Cwere underincludersand10normal. (2)11of32SCZwere underincluders,9were overincludersand12normal. (3)Overandunderincluders removeitemsfromcategories duetolowlevelofperceived semanticsimilarity,soshould belessgoodatinductive reasoningwhosejudgements relyonsemanticsimilarities. Thisinactualfactdidnot effectreasoninginSCZ!! (4)Givengoodcontext, meaningcanbeproperly inferred,butgivenfreereign, theyarelikelytooveror underinclude,orletideas'run away'withthemselves!

Gurd1997

19medicatedSCZ 21C

Meanage36.5 Meanage41.3 SimilarIQ

Simplewordsearch Categorywordsearch Cattell'sFluidIntelligencetest
SCZslowerandlessaccurate thanConsemanticbutnot simplesearch. Reflectsweakened connectionsbetweenlexical semanticnetworknodes.

Harris1997(Abstract)
32SCZ 32C

Similarage,sexandeducation
CVLT

SCZworsethanConfree recall,retention&semantic
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clustering.Equivalenton cuedrecallandrecognition. Deficitsreflectsemantic organisationand/orexecutive controlproblems

Harvey1986

24SCZ 20MDs 10C

20M:4F:age33.9years 12M:8F:age34.3years 4M:6F:age27years

Encodingspeech(listentorandom passage,organisedpassageandself- generatedpassageofspeech). Verbatimpassagerecall

(a)Encoding(levelof organisationpresentin recalledspeech)predicts memoryinSCZ&C.
(b)SCZpooreroverallthanC, butmanicsandSCZdidn't differexceptonmanics increaseinencodingon integratedstory (c)Cimposedorganisationto randompassagerecall(asseen

inmoreorganisationatrecall thangivenatencoding)-SCZ didnot. (d)Askedtogenerateown structuredpassage-orusing encodingcriterion,theSCZ performancenormalised

Thoughtdisorderpredicted memoryinmanic depressedbecauseof disruptiontorecall.

Heinrichs1994

SCZ Korsakoff Personalitydisorder

CVLT

Hijman1999 (abstractonly)

50SCZ 50C

Agematched

DutchCVLT WMSLogicalmemory

SCZcomparedtoCimpaired
onlogicalmemories,CVLT shortdelayrecall,totalrecall andrecognition

Hill2003

62FESCZ unmedicated 67C

37M:30F:age28years 36M:26F:age26.3years Intelligencematched Educationcovariedinre-run analyses-nochanges.

CVLT Amnions/AmmonsQuickIQtest
(a)SCZworseonverbal learning,immediateand delayedrecallandrecall consistency. (b)Nodifferenceson organisationalstrategies,but semanticclusteringismore stronglycorrelatedwith overalllearninginSCZthan inC.

Effectsindependentof medicationand chronicityand education.
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(c)Whensemanticstructureis giventoSCZ,their performanceimproves,butare stillsignificantlyworsethan C-suggeststheydousecues, butnotasefficientlyasC.

Holthausen2002

23cognitivelynormal SCZ 95cognitively impairedSCZ 45C

15M:8F:age24.8years 72M:23F:age22.9years 38M:7F:age24years
DutchCVLT RCFT Wordfluency Categoryfluency SpatialWorkingMemoryTask CPT Stroop Trail-makingA,BandC FingerTappingTest DutchWAIS(estimateon4sub-tests) Additionalvariablesof: OC's Drugs

(a)SCZwithoutcognitive impairment(CN)actually showsub-clinicalimpairment
in perceptual&motorspeed andverbalencoding(CVLT1- 5)(mediumeffectsizes). (b)NodiffsinOCs,social functionetc,suggestingthey arenotanaetiologically distinctpopulation.

Cogdeficitsdidnot affectpsychopathology
in eitherCIorCN groups,sonotacore deficit? Nodifferencesbetween patientgroupsonanti¬ cholinergicmedication usage.

(C)CNgroupscoreshigher thanCI(cognitiveimpaired) oneducation&intelligence-so cancompensatefornegative brainpathology. (d)Thiscompensationnot enoughforCVLT1-5&motor speed-differentialdeficits? Cognitivecompensationcould explainessenceofcognitive normalityinSCZ.

Holthausen2003

84FESCZ 19SCZffm 15SCZaff 45C

66M:18F:age22.4years 12M:7F:age26.6years 9M:6F:age23.8years 38M:7F:age24years Covariedforeducation
CVLT(aspectoforganisation) Categoryfluency RCFT Stroop(usedasspeedofprocessing measureandattention) Trail-makingAandB(usedasspeed

ofprocessingmeasuresandattention) CPT(attention)

(a)SCZworsethanCon verballearning&retrieval, categoryfluency,semantic clustering. (b)Verbalalsoworsethan visualdeficits,butmore probablycausedbydifference
intaskcharacteristicsandnot adifferentialverbaldeficitor

Symptomatologyhadno effectonverbalmemory performance
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modalityspecificprocessing deficit(SeeTracy2001). Executiveandprocessing speeddifferencebetweenC andSCZ,butwithspeed, organisationandeducationas additionalpredictors,group membershipstillexplained moreofthevarianceinverbal memory. Longtermmemoryimpaired
inSCZ,inspiteofcontrolof additionalfactorswhichmight impacti.e.attentionand speed.Mostlikelydueto encodingandperceptual processaberrationsdueto learningdeficit.

Huron2002

30SCZ 30C

23M:7F:age31.5years 23M:7F:age31.8years Nodifferencesineducation SignificantdifferenceonIQ
16listsof15wordsstudied(every2 listshadwordsassociatedwitheach otherand1lurewhichwasnot studied). 8listsfollowedbyfreerecall&8by arithmetictestsaftereachlist&(8 listsnotstudied). Instructedtomemoriseallwordsfor testlater. 15minutedelaywithoralandwritten instructionsfor Remember/Know/Guesstask. Practicetaskwith10wordsthen actualYes/NoRecognitiontaskwith all24lists.Ifyes,theywentontosay

ifR/K/G WAIS-RFSIQ

SCZhadfewertrueandfalse memoriesthanc.Familiarity andguessingdidnotdiffer betweengroups,only consciousrecollection. Impairmentinconstructive consciousmemory?

Nocorrelationbetween
IQordrugsand performanceinSCZ.

Nocorrelationbetween symptomsand performance

Huron2003

24SCZ 24C

16M:8F:age34.6years 16M:8F:age34.6years Educationmatched

Wordsandpictures
15minutedelayfollowedbyyes/no recognition& ifyes,thenRemember/KnowGuess

PoorerrecognitioninSCZ overall.SCZlowerpicture superiorityeffect(onlyin rememberresponses)thanC.
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task +Memorycharacteristics8item questionnaire

UnlikeCnowordsuperiority effectinrelationtoguesses (superiorityeffect:recognise onestimulitypeoveranother duetomoreelaborative encodingprocesses)

Huron1995 (oralpresentation abstract)

30SCZ 30C

Listsofwordssemanticallyrelatedto non-presentedlure Recognitionyes/notask
ifyesthenaremember/know/guess response.

SCZimpairedfalse recognitiontosameextentas tmeandonlyduring rememberresponses.

Huttonetal1998

30FESCZ 30C

23M:7F:age27.8years 15M:15F:age26.1years matchedfor1Q

CANTAB WMS-R Verbalfluency Forcategoryandletters

Planningandstrategyrather thanattentionalsetshifting affectedinFESCZ. Mnemonicdeficitsalso apparent.Recognitionless affectedthanrecall-maybe executive?

Iddon1998

201QpreservedSCZ 20C

16M:4F:age39.1years 14M:6F:age40.7years Age&IQmatched

VerbalStrategyTask:16-wordlist with4possiblecategories(subject unawareofthesecategories).Toldto memorisewords. After1minute,listremovedand askedtoimmediatelyrecallasmany wordsaspossible. 2ndpartgavethemsamelistwith possiblecategoriesandtoputwords intothem(timed) 3rdtaskagaingivennew16wordlist againwithimplicitpossibilityof4 categoriesandaskedtoremember after1minute. Visuo-spatialtask NARTIQ

SCZrecalledfewerwords. SCZusedserialstrategymore thanc.SCZdidnotuse semanticstrategytosame extentasc,evenaftertraining SCZshowednosemantic strategywhereascontrols showedanincreasein strategy.SCZwereslowerat wordcategorysortingthanC. Semanticcategorisation accountedfor84%ofvariance onrecallaftertrainingincbut only55%inSCZ. SCZmoreimpairedonverbal relativetovisuo-spatial strategytask. (Frith)&(Shallice)

Jeste1995 (abstract)

25lateonsetSCZ39 earlyonsetSCZ

Neuropsychologicaltests

Nodiffinlateandearlyonset SCZ.
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35C

Joyceetal2002

136FESCZ 81C

107M:29F:age25.7years 49M:32F:age26.1years
CANTAB NART

Memoryandexecutivedeficit independentofIQ. 75%FEpassedattentional shift,andthosewhofailedhad longerDUP.

Kareken1996

29SCZ 29C

19M:10F:age29.4years 19M:10F:age27.5years Balancedoneducation
CVLTProactive(PI)andRetroactive Interference(RJ) CVLTsemanticandserialclustering chanceadjusted CVLTerrorsofrecallandrecognition
SCZlessbuildupofPIthan C,suggestingless susceptibilityduetoless semanticclustering.SCZ showedlesssemanticbut moreserialclusteringthan controls.Semanticclustering NOTcorrelatedthoughwith PI.SCZmadegreaterno.of phonemicerrors.

1/thereisadeficitinsemantic networkhencepoor encoding=temporo-parietal problems OR2/Lackofexecutive controlsoverlist organisation=frontaldeficit.

Kazes1999

35SCZ 35C

25M:10F:age31.9years 25M:10F:age31.9years Age&educationmatched SignificantdifferenceIQ
48wordlistforstudy/encoding. Inclusiontask-Wordstemcompletion tasktocompletestemswithwords studiedearlier Exclusiontask-Wordstem completiontasktocompletestems withwordsNOTstudiedearlier (explicit-tryingtorecollectvs implicit-tryingNOTtorecollect) WCST WAIS-RFSIQ

Consciousbutnotautomatic memoryisimpairedinSCZ.

Consciousmemoryneg correlatedwithpositive SCZsymptoms. Positivesymptoms=loss ofcontrols/slefmonitoring (Frith?).Impaired attentionalsystem (Shallice?)

Keefe2002

29SCZ 19C

Sourcemonitoringrecalltask(self generatedandothergenerateditems, picturesandwords)

Deficitinrecognisingself generateditemsbutequivalent
tocinknowingsouredof othergenerateditems. AutonoeticagnosiainSCZ?

Thisdeficitwasworsein SCZwithhallucinations& thoughtinsertionthanin otherSCZ.

Kenny1997

17SCZ

12M:5F:age15.7years
Verballistlearningimmediaterecall

GeneralNPimpairments.
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17C

9M:8F:age15.1years
Verballistlearningdelayedrecall Verballistlearningandsemantic clustering WMSLogicalmemorytest Categoryinstanceretrievaltest Wordfluency WCST Stroop DigitSpan Pacedauditoryserialadditiontask WISCWIS-RMaze WISC-RIQ(basedon4sub-tests)

Nodifferencesbetween groupsonimmediaterecallor fluency. Significantdifferenceson delayedlistrecall,logical memorytest&category instancetest. Strongesteffectsizesfor differencesonthetestsof focusedanddividedattention though!

Kern1997

18SCZ 15C

18M:age36.7years 15M:age37.9years Approxequaleducation
Procedural/implicitmemorytest- PursuitRotorTrackingTest Declarative/explicitmemory- NonsenseSyllableListLearning
SCZandCnodifferenceson implicitlearning. Differencesinexplicit memory. Shallowerlistlearningslope

inSCZthanC.

Koh1980

15SCZ 15nonpsychotic SCZpatients
15C

9M:6F:age24years 9M:6F:age26years 9M:6F:age22years Comparableeducation& vocabulary

Freerecallofsentences(5sentences presentedfollowedby15second subtractiontaskthenrecall-repeated for3setsthentotal&cuedrecall. 10minbreakthenaskedtoconstruct sentencesfromscrambledwords No.wordsandno.sentencescorrectly recalledscored

SCZrecalllesswordsandless sentencesthannon-SCZand C. CueingbenefitsSCZlessthan C.Internalsentences representationintactinSCZ, butenhancedwithsemantic- syntacticencoding.

Kravariti2003

20FESCZ 21C

Adolescents SignificantdifferencesinIQ (usedascovariateinanalyses)
WMS-Rfulltest WAIS-RFSIQ(17-18years) WISCFSIQ(13-16years) TowerofLondonTask ExecutiveGolfTask Trail-making DualTaskPerformance

(a)VerbalIQandsustained attentionintact. (b)GeneralIQdeficit encompassed/accountedfor deficitsinvisualmemory, perceptual-motor,speed, planning,delayedmemory, spatialworkingmemory.
(c)Verbalmemoryand

Medicationshowedno correlationswithNP (asinCassens1990& King1990)
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generalmemoryimpaired evenaftercontrollingforIQ differences.

Kremen1994

11paranoidSCZ 15SCZwith systematised delusions(non paranoid) 15SCZwithout delusions(non paranoid)

6M:5F:age33.3years 12M:3F:age33.8years 11M:4F:age35.3years
Neuropsychologicaltests-9domains

offunctionincluding Verbal(logicalstories) Visualmemory WRAT WAIS-R

Systematisingdelusions reflectsattemptsto consolidateandunderstand aberrantpsychotic experiences-suggeststhat thosewhocannotdothisare lessbright,i.e.poorer executiveandlanguage function? Premorbidandgeneralverbal ability,aswellasimmediate anddelayedverbalrecallbest
inthosewithsystematised ratherthannonsyst.delusions

With&without systematised(around1 theme)delusionsdifferent fromeachother- Systematisedbetter premorbidfunction(more intelligent?)withbetteron verbalmemorythan without Nodifferencesbetween paranoidandnonparanoid

Kremen1995

35relativesofSCZ 71C

WRAT-Reading,spellingArithmetic WAIS-RIQ(Vocabulary&Block Design)

Matchingfallacy-that matchingCandSCZon educationorIQmaybe matchingonmeasuresalready attenuatedinSCZ-socould underestimatetheexpected intellectualability.Predicted thatduetobiologicalrisk,rels atequivalenteducational attainmenttoCwouldhave higherreadingandspelling scores,butlowerarithmetic thanC. RelslowerIQ(lowerinverbal thenperformance),but equivalentreadingand spellingtoC.IQmore susceptibletoillnessthan reading/spelling. Becauseofthisshouldmatch
onNARTorWRAT-Reading scores.

Kremen2001

36SCZ

Splitinto1Qscorecategories:
WAISIQestimate-(basedon4sub-
AteachIQlevelSCZ
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36C

high&lowaverageIQgroups
tests-Vocabulary,DigitSpan,Block Design,DigitSymbol WRAT-R Neuropsychologicaltestbattery

performedworsethanC.SCZ >verbalbut<performanceIQ thanC(whenmatchedforIQ level). SCZhadhigherpre-morbid thancurrentIQlevels. Consistentwithdeclinefrom premorbidlevels.Verbal declarativememoryimpaired
inaverageIQ&attentionin lowIQgrps&executive functionimpairedinboththe IQgrps.

Lecompte (Abstract)

SCZ C

Neutral,positiveornegativepicture presentation. Recognitiontaskofoldplusnew pictures.

SCZproducedlessremember responsesandmoreknow responsesthanC.SCZ providedlessnegandmore posmemoriesthanCfor pictures.

Lussier2001

16mednaiveSCZ 20C

11M:5F:age28.8years 10M:10F:age30.8years Educationmatched

Explicitandimplicitmemoryfor relatedandunrelatedassociationstests
Overallcrecalledmorepairs thanSCZ&SCZrecalled fewerrelatedthanunrelated thanc(related=associative memory).

Nodifferencesonimplicit recall.SCZmademoreerrors thanC.

Manschrek1997

19SCZ 19SCZaff 19MDpatients 19C

12M:7F:age37.2years 6M:13F:age34.7years 9M:1OF:age36.2years 12M:7F:age34.7years Individuallymatchedforage, sex&recallperformance. Patientsmatchedforillness duration.

Verbalcontextrecalltask:audio20 wordlistpresentation(x4lists) varyingincontextualconstraint. Thentowritedownrecalledwords.
SCZgroupsgainlessfrom contextthanCandMD.Same levelofrecallinSCZand SCZaff.Deficitprominentin primarypartsoflist

Marusarz&Koh1980
16SCZ 16non-SCZpatients 16C

Comparableage,education& vocabulary.

Sternbergitemrecognitionwith categoricalcues(letters&digits) followedbycontext-recalltaskfor FWandBWrecall.

SCZutilisedcategoricalcues
aswellasC.Serialcontext recallequivalenttoC.STM forcategoricalandsequential materialintactinSCZ(as
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estimatedfromRTs)

McCreadie1997

19(Nevertreated elderly)SCZ 25(treated)SCZ 55C

I2M:7F:age62years 13M:12F:age62years 27M:28F:age62years
WMS-Rmemoryscale

Chadhighermemoryquotient thanSCZ. (McDaniels2000saysneg symptoms=verbalmemory deficit,butMcDermid2002 sayspositive symptoms=memorydeficit)
Nodifferencesbetween nevertreated& medicatedpatients.

negativesymptoms associatedwithpoor memoryinnevertreated group.Dyskenisianot associatedwithpoor memory.

McKay1996

46SCZ (Coregroup=20 chronicnonelderly Elderlygroup=
12chronicelderly Mildgroup=

14mild 22DATpatients 40C

10M:10F:age40,6years 6M:6F:age64-72years 8M:6F:age20-64years age69,5years age51.2years

Categoryfluency Naming(linedrawings) Sorting(picturesintocategories) Word-picturematching Definitions(generatedefiningfeatures
ofitems) NART WAIS-R NART-WA1SDiscrepancyscore

(>15ptdifferencefrompre- current=decline)

AllSCZandDATswere significantlyworsethanCon tests. PerformanceofelderlySCZ comparabletoDATs. SCZimpairedsemantic memorydespitepreserved overallintellectualfunction

McKenna1990

60SCZ 176BrainDamaged patients(BDs) [=60moderate-severe closedheadinjury 76strokes 40tumours/carbon monoxidepoisoning] 118C

age44.4years age44.4years age41.4years

RBMT Estimatesof1Q MiniMentalStateExam(MMSE) MiddlesexElderlyAssessmentof MentalState(MEAMS)

10of60SCZwereinnormal rangeofRBMT,were moderatetoseverely impaired. 49SCZnormalonMMSE,4 mildlydementedonly.
27normalonMEAMS,22 borderline&10severe. SCZjustaslikelyasBD patientstobememory impaired(4%Chad<7 screeningscoreRBMT,but >50%SCZ&BD<7score)
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FromMMSE&MEAMSSCZ morecomparabletodepressed thandementedpatients. RBMTnotcorrelatedwith medicationorage,butwith severityofillness& chronicity. SCZgenerallybetter intellectualMEAMS& MMSEthanelderlydepressed patients. SparedSTM,butimpaired LTM. Distinctivegroupwith preservedintelligencebut poormemory.

McKenna1994

20(non-elderly, chronic&severs) SCZ 26C 22ALZHE1MERS WAISIQ MMSE

N/A

CategoryFluency Naming Sorting(categories) Wordtopicturematching Definitions(facts/items)

SCZ<Conalltests,except wordtopicturenaming (whichwasvpoorinALZ). SCZapproachedlevelofALZ
in allothertests. Over-inclusivethinkingnotes

asSCZdisorderbyCameron
in1947-blurredboundariesof semanticknowledge- specificallyseenin acute/positivesymptom patients.

Mohamed1999

94FEmedication naiveSCZ 305C

53M:4IF:mean26.1years 162M:143F:mean25.5years Differencesoneducation
RAVLT WMS-Logicalmemorytest Wordfluency Savingsscores RCFT CPT Stroop Trail-making WCST WAIS-R

SCZworsethanConall memoryscores.Notonstory recallsavingsscoresthough (forgettingrate). Largesteffectsizefor recognitiontrial5,immediate recallthendelayedrecallof story.

Nodifferencesin performancewithor withoutmedication
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Fingertapping WAISsub-testsadministered individually

Executivefunctionand attentionalsoequally impaired. Effectsizesshowthistobe generalisedacrossseveral areasoffunctionandnot differentialtoanyonedomain.

MoriceandDelahunty 1996

17SCZ 17C

10M:7F:age32.4years 5M:12F:age34years

WCST TowerofLondon WAIS-RDigitspan(FWandBW) Word,alphabetandsentencespan Sentenceverification WAIS-RFS1Q NART

Planningandflexibility impairedinSCZrelativetoC- independentofpremorbidIQ (NART). Nodifferencesbetween groupsonSTM,buton alphabetandsentencespan (workingmemory)-worstin thosewithIQdecline. TowerLondondeficits emergedwithtaskdifficulty.

Moritz2001

25SCZ 25Depressed (unipolar)patients 25C

Significantdifferenceinage- covariateinanalyses

RAVLT

SCZanddepressedpatients worsethanConshortand longrecallandrecognitionbut notinterference.

Negativesymptoms correlatedwithmemory deficit.Maybeproblem withverballearning.No differencesbetweenSCZ anddepressed

Moritz2002

32SCZ {12thought disordered(TD) 20nonTD) 65C

23M:9F:mean32.5years 37M:28F:mean34.2years
(1)SemanticPrimingTask(semantic, unrelatedinmeaningandindirectly relatedconditions)

TDpatientsshowedgreater indirectsemanticprimingthan nonTDandC,relativetoa neutralorunrelatedbaseline conditionandcouldbe associatedwiththeloosening ofassociationsinother disorders.Enhancedspreading ofactivation.

Medicationand psychomotorslowing hadnoeffecton priming.

NathanielJames1996A
25SCZ 25C

Eachmatched(ascloselyas possible)onage,sex, educationandpre-morbid
Recognitionmemoryforwords& faces(Warrington) CVLT

SCZlearnedlessmaterial overallthanCbutlearnedat samerateasC.
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NARTIQ

Verbalassociativefluency HSCT WCST NART

Serialpositionrecall& proactiveinterferencenormal. SCZusedserialinpreference
tosemanticencodingunlike theC. Nodifferencesonrecognition memory(couldbe familiarity).SCZworseon verbalfluencythanC. Alsoexecutivefunction deficits,whichmayoverlap withmemoryproblems. FrontalandlessMTL

Nathaniel-James1996B (Confabulation)

12SCZ 12C(3Ds.)

age37.2 age35.3

Recognitionmemoryforwords& faces(Warrington) CVLT Verbalassociativefluency HSCT ModifiedCST Confabulationtest RavensProgressiveMatrices-IQ NART

OSCZoninterferencelist,
longdelayfree&cuedrecall, intrusionerrors,Verbal fluency&HSCT-errors.,story recall. Nodifferencesonrecognition, storygistorverballearning Eachof12SCZconfabulated aboutstoryatleastonce (relativetojust1C). Aftermatchingforrecall performance,thehigh confabulationrateinSCZ relativetoCwasstillevident, henceisshownnottobe explainedbypoormemory recall,althoughSCZwith poorrecalldidconfabulatethe most.Norelationto intelligenceorunderstanding ofstorymoralsorgists. Diffbetweenhighandlow confabsontheHSCTerror scores(INHIBITIONof RESPONSES-notsameas intrusions!)andthought
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disordermeasureandmildly assocwithintrusionsinrecall. ALZS&KORSAKOFFs producemeaningless& irrelevantconfabulations basedonintrusionsinrecallof stories,butSCZare reorganisingideasto reconstructstory&comingup withdifferentideasi.etaken heardwordsfromtextand reusedinadifferent CONTEXT (Pointstofrontaldeficit?)

Nestor1998

18SCZ 21C

AllM:age44years AllM:age39.9years

Wordlist(32words)recall. Associativestrengthandnumberof associatesvaried.Highconnectivity- smallnetwork,lowconnectivity-large network

SCZrecalledfewerwords thanC.Improvedwithhighly connectedwordsregardlessof networksizeanddeclinedon unconnectedwords. Cshowedbestrecallforhigh connectivity-smallnetwork followedbylowsmall networkthenhigh-large,low large. Cmoreinfluencedbynetwork size.

Oie1999(abstract)
19adolescentSCZ20 adolescentADHD30 C

Long-termepisodicmemorytask,free recall&recognition.

SCZworsethanconall memorytests.ADHDworse
onworkingmemoryand didn'tshowvisualimpairment seeninSCZ.

O'Carroll

20RBMTmemory impairedSCZ, 21memory unimpairedSCZ) 20C

11M:9F:age35.6years 15M:6F:age36years 12M:8F:33.1years

Stemcompletiontask(errorful-told targetstraightawayorerrorless- allowedwrongguessesthentold correcttarget)

MemoryimpairedSCZworse thanotherswhenallowedto guesstarget,butimproved whenpreventedfrom guessing.Unableto differentiatebetweencorrect &incorrectresponsesduring learning(untagged?)-similar tosourcemonitoringconcept
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ofFrith.

Paulsen1995

175SCZ 229C 79C(agematched)
94M:81F:age40.1years 118M:11IF:age54.6years 48M:31F:age41.9years
CVLT Vocabulary

SCZworseatrecallthan recognition.Residual recognitionimpairment suggestsencodingaswellas retrievaldeficit.Norapid forgettingmeansthereisno storagedeficitorlossof informationovertime. Corticaldementia (Alzheimers)subcortical dementia(Huntingtons& parkinsons)andcandSCZ showed50%SCZtohavesub cortical,35%normal,15% cortical.ClaimSCZshow mainlysubcorticallike dementia.

Passerieux1997 (abstract)

22SCZ (TD&NonTD) 11C

SemanticPriming:lexicaldecision task

C&NON-TDSCZshow primingeffectforrelated wordpairscomparedwith unrelated.TDSCZdonot. Problemwithpostlexical controlledinfoprocessingfor integrationofsemanticinfoin Thoughtdisorderedpatients.

Perry2000

30SCZ 30C

Age&educationmatched
Wordstempriming(recall, recognition&priming)

ImpairedrecallinSCZ,but improvedwithrecognitionand normalpriming. DECLARATIVE-NON DECLARATIVE DISSOCIATION

Radant1997(abstract)
25SCZ 24C

Agematched

RAVLTtrials1-5,recallafter distraction

SCZworsethanconboth memorymeasures.
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Ragland1996

30SCZ 30C

17M:13F:age31years 16M:14F:age28.4years
Pairedassociatesrecognition(using visualWCST) WMSLogicalmemorytest VocabularyofWAIS-R(Chigh average,SCZlowaverage)
ImpairedonPART(alsoon WCSTbutnotafter controllingforintelligence). Thisisassociativerecognition

somoredifficult.WCSTmay alsobeaffectedbyanti¬ cholinergicmedicationand practiceeffects.

Ragland2003

30SCZ 30C

19M:11F:age22.9years 17M:13F:age22years (approx)

Shallowvs.deepclassification (encoding)andrecognition(Buckner etal98) NART1Q Effectofpre-morbidIQinvestigated
in2ndanalysisbymatching participantsonestimateofIQ.

Allgroupsfineon classificationtask,though SCZslowerthanc. Bothgroupsbetterrecognition followingdeeprelativeto shallowencoding.No differencesinrecognition betweengroups. Groupdifferencesinresponse biassuchthatSCZsayno morewithdeepencoding- unsure?
IQdidn'timpacton recognition,butcontributedto lessaccurateword classificationatencoding.

Riley2000

40FESCZ 22C

Age24.6years Age26.7years

Verbalfluency RAVLT WMSVisualReproductions Letter-numberauditoryworking memorytest Visuo-spatialdottest WCST Stroop CPT Trail-makingA WAISDigitsymbol Benton'slineorientationjudgement test

SCZworsethancondelayed butnotimmediaterecall. Alsoworseonverballearning andverbalfluencyforletters andcategories.

Noeffectof medicationonanalyses
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Rizzo1996

33SCZ 33C

21M:12F:age32.8years 21M:12F:age31.3years
Recencydiscriminationtask-memory fortemporalorder/contextofpictures WA1S-RIQ

onShortformWA1S-RIQ-no differenceinanalysesaftermatching forIQ.

SCZcouldrecogniseand recallitemsbutwereimpaired
in recallofwhentheywere learned.

Noeffectof medicationon performance

Rushe1999

58SCZ 53C

48M:10F:age33.6years 45M:8F:age31years
Verbalpairedassociates WMSLogicalmemorytest Recognitionmemory Memoryfortemporalorder Spatialandnon-spatialassociative learning WAIS-RIQ SchonellReadingTest NARTIQ Significantdifferenceinpremorbid IQ-covariate

SCZimpairedrelativetoCon storyrecall&paired associates. Recognitionandtemporal ordermemoryintact.Visual notasimpairedasverbal.

Saykin1991

36FESCZ (medicationnai've) 36C

26M:10F:age28.8.years 18M:18F:age27years
CVLT,WMSPairedassociates= verballearning WMSlogicalmemorytest=semantic memory Verbalfluency(COWA,Boston Naming),Comprehensionofcomplex ideationalmaterial,Sentence repetition,Readingrecognition= language WMSVisualReproductions=visual memory WAISinformation,vocabularyand similarities=verbalintelligence WAISPicturecompletion,block designandobjectassembly=spatial org. WAISArithmetic,DigitSpan, Rhythmtest=auditoryattention Trail-makingAandB,WAISDigit
Generalpoorerperformance acrosstestsinSCZrelativeto C. Semanticmemory(Logical memorytest),verballearning (CVLT,pairedassociates)and visualmemory(WMSvisual reproductions)areselective deficits. Partialingoutattentiondidnot affectperformanceon memorytests. AbstractiononWCSTwas leastimpairedfunctioninFEs. SuggestsmainlyLMTL
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Symbol,Stroop=visualattention CPT=vigilance WCST=abstraction Motortests

dysfunctionandpossiblesome R(i.e.visualmemory-but WMSnotthatsensitivetothis RMTL)

Saykin1994

37FESCZ (medicationnaive) 65SCZ (previouslytreated) 131C

23M:14F:age28.6years 48M:17F:age31.3years 76M:55F:age27.1years
Sametestsasin1991(above).Added: Facialrecognitiontestintovisual memory(sensitivetoRHTL) CPTattention&vigilancetests WA1Sverbalscalecombinedwith languagefunctions Analyseswithandwithout adjustmentsforage,sexandeducation
C>SCZverbalmemorytests. FEsshowstrengthsinverbal intelligenceandlanguage,but deficitsinverballearningand memory Couldrepresentleftmedial temporaldisorderassuggested in1991. PatientsworsethanFEson spatialandmotortestsand trendsforworseperformance onallotherfunctionsexcept attention/vigilanceand abstraction.

Schmandetal1997
67Psychoticin¬ patients (30SCZ,6SCZffm, 10SCZAaff,3Major Ds.,3Bipolar,3 reactivepsychosis,14 psychoticnot specified) 19Non-psychoticin¬ patients

38M:29F:age33.2years 7M:12F:age37.3years
WordListLearning TowerofFlanoi/motor-&complex problemsolving-procedural DARTIQ

Nodifferencesinmotor procedurallearning,though psychoticslessefficientin solvingproblem. Automaticprocessingintactin psychotics Psychoticsworseonlist learning.

Memorytaskdidnot correlatewithpsychotic symptoms
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Schroder1996

50chronicSCZ (splitintosub- syndromes) 50C

Age32years Age27years

Declarativeimmediateanddelayed recall Delayedrecognition WCST(workingmemory) TowerofToronto(Procedural memory) Attentionaltest

AllSCZworsethanCon delayedrecallandrecognition, proceduralmemoryand WCST. Immediatememoryintact. Attentionworseinchronic relativetoremittedgroup.
Noeffectofchronicity, severityofillnessor attention

Delusionsassociatedwith delayedrecognition, negativesymptoms associatedwithdelayed recallanddisorganisation associatedwith neurologicalsoftsignsand poorworkingmemory.

Schwartz1991

16SCZ16C Significant differencesin education. Verbalintelligence (WAIS-R1Q vocabulary)&age matched

15M:IF:age37years 15M:IF:age34years
Memoryfortemporalorder-recency discriminationtask Semanticorderingtask Wordrecognition WCST

Memoryfororderofevents impairedinSCZrelativetoc inspiteofintactrecognition foritems. Perseverationinversely correlatedwithrecency discriminationtask,butnot withrecognition. Mostimpairedinmemoryfor spatial-temporalinfohad greatestWCST scores/executivedeficits- failureofeffortfulprocessing?
Anti-cholinergic medicationdidnot affectmemory performanceinSCZ

Seidman1998

35SCZ 30TLE 25C

19M:16F:age28.7years 13M:17F:age34years 19M:6F:age30.2years
WMS-logicalmemorytest WMSpairedassociates WMSVisualreproductions Digitsymbolincidentalrecall WAIS-RBlockDesign,Vocabulary

andDigitSpan ANCOVAscontrollingforsexand education&IQdidnotimpacton performance

SavingsscoresinSCZand TLEsameandnotpoor.
IQalsonormalinSCZ-so deficitscannotbedueto globalintellectualdeficit. Impairedincidentalrecall- suggestsneedforinstruction. i.e.Pairedassociateslearning inSCZbenefitsfromcuesand repetition. ImpairmentinSCZevidentin non-verbalmeasures,but
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forgettingmoreforverbal thannon-verbal.

Seidman2002

87SCZ 15Bipolar 94C

68M:19F:age43.3years 7M:8F:age40.7years 43M:51F:age42.3years
WMSLogicalstories WAIS-RVocabulary&WRAT Reading WAIS-RBlockDesign,Hooper Visualorganisation,lineorientation judgementtest Perseveration WCST WAIS-RDigitSpan,Arithmetic TrailmakingA&B,WAIS-RDigit Symbol CPT&DichoticListening

SCZ<Conallfunctions exceptverbalability (vocabularyandreading). SCZ<BPonabstraction, motorspeedandvigilance.

Shalliceetal1991
5chronicSCZ (individualcasestudy approach)

WMSLogicalmemory WMSvisualreproductions WMSpairedassociates Warrington'srecognitionforwords
andfaces CoughlanandHollow'sfigureand storyrecallbattery WMSDigitSpan Cuedrecalltests NART WAISFSIQ RavensProgressiveMatrices PeabodyVocabulary Spelling Arithmetic Tokentest Namingfromdescriptions Gradednaming

Allpatientsperformedbadly
ontestssupposedtobe sensitivetofrontalfunction, irrespectiveofdifferencesin otherareasofperformance. 2/5patientsshowedWAIS- NARTIQdiscrepancy suggestiveofdecline.Hence apparentonlyinsome patients?
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VerbalFluency WCST Stroop Otherexecutivefunctiontests Perceptualtests

Sonntag2003

21SCZ 21C

17M:4F 17M:4F

Wordlist(explicitlytolearnsome& forgetothers),recognition Remember/Know/Guessdecision.
Crememberedmoretobe learnedthanforgottenwords- directedforgettingeffect success,regardlessof remembered,knownor guessedrecognitionsdecision. Gardinerfoundthisincfor onlyremember(moresure) butnotknowresponses. SCZshowedsamedegree directedforgettingbutfor knowbutnotremember responsesonly.Deficitin noeticawarenessinSCZ.

Stirling1997

27SCZ 19C

22M:5F:age39years 12M:7F:age40years
Memoryforactiontest(source memory:selfgenerate5animals, fruitsandbodypartsandremember them.Thengivenother5exemplars fromexperimenteralsotobe remembered- NART&5minslater- Recognitiontest-identifyasoldnew-if oldidentifysourceasselfor experimenter)and Serialpositioncurve Freerecall Priming Falseresponses Ammons/AmmonsIQtest(covariate

in repeatanalysis-noeffect)
SCZlesseffectivethancon immediateandlongterm memory,andsourcememory independentofIQ.Primed recallisintact. Overallperformance associatedwithnegative symptoms. SeeFrith1991forsametestin SCZ.
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Stone1998

18SCZ 15C

AllM

Freerecall(FW&BWdigitspan) Temporalorder Selforderedpointing Recognition

SCZworsethanC.Reduced workingmemoryaccounted forstrategicbutnot recognitionmemory performance(additionalMTL deficit?). Education,verbalintelligence &immediatememory capacitydon'taccountfor workingmemorydeficitsin SCZ

Strattaetal1997

30SCZ 25C

Age36.9years Age34.7years

WCST WA1SDigitSpan WAISDigitSymbol Visuo-spatialworkingmemorytest
SCZworsethanC WCSTdidnotcorrelatewith

anyoftheworkingmemory measures

Sullivan1994

34SCZ 67C 47agematchedC
AllM:age36.9years AllM:age45.1years AllM:age37.9years

WMSLogicalstoriesandpaired associates(LMTL) WMSdrawingsanddesign recognition(RMTL) BrownPetersonDistractortask-verbal andnon-verbal(orbito-frontal?) WCSYTperseveration WMSselforderedpointingno.correct Lettersearchtasktime(RDLPFC?) Motorability

SCZworsethanC.No modalityorlateralityspecific deficit. Maybemultipleselective deficitsasopposedtooverall generaldeficit.

Declarativememory predictedsymptom severity. Executivefunctioncould
be relatedtodisease duration- chronicity/medication?
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Sullivan1997(abstract)
27SCZ 52ALCOHOLICS 66C

AgeandIQcovariates
(1)Contentandcontextmemory
SCZimpairedinitemand orderrecognitionofverbal andnon-verbalmaterial Alcoholicsimpairedonlyin orderrecognition.Similar deficittoparkinsonians.

Sumiyoshi2001

57SCZ 33C EarlyonsetSCZ<20 yearsvs. LateonsetSCZ>20 years Highvs.lowWAIS- RvocabularySCZ
28M:30F:age27.2years 18M:15F:age25.8years
AnimalCategoryFluencyTest Usedmultidimensionalscalingto investigatestructureofsemantic memory.

Lateonsetorhighvocabulary SCZretainsemanticmemory structure,comparedwith others. Ageofonsetandverbal intelligencemayberelatedto structuredegradationinSCZ.

Tamlyn1992

60SCZ (fromwhich5SCZ withv.poorRBMT screeningscoreswere excluded)

Age44.4years

RBMT(inc.proserecall) Wordlistrecall ForwardDigitSpan Corsiblocks Warringtonrecognitionmemory Sillysentences Remotememorytest Famouspersonalitiestest Autobiographicalmemoryinterview NART WAIS MMSE MEAMS

Memoryimpairments apparentirrespectiveof intellectualfunctionlevels (MMSEandMEAMSshowed 80and82%abovecutofffor milddementiaandatnormal levelrespectively) Memoryinverselycorrelated withNART. Shorttermmemorypreserved- evidenceforamnesic syndrome?Semanticmemory notaffectedinclassic amnesia,butdisturbedinthese SCZ.

Nocorrelationbetween memoryand medication

Memoryimpairment associatedwithnegative symptomsandthought disorderandwithseverity ofillness.
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Titone2004

29SCZ 29C

Nodifferenceinage& parentaleducation. Significantdifferencein education(OSCZ)&sex (SCZlessFthanC)

TransitiveInterferencetask:relational memorytaskA>BB>CC>DD>E&
2newpairs(4visualpatterns,oneat time,onehidingsmilingface-to rememberwhichonehidesface- initiallyguess,thensee-higher patternshideit)

SCZlessaccuratethancin respondingtorelationalpairs. Impairmentinbindingfor relationalmemorydiscussed.

Tracy2001

28SCZ 28C

Resultssignificantafter adjustmentsforage,sexand education

CVLT Non-verbalrecalltest

Equivalentimpairmentfor bothverbalandnon-verbal material.Learningandrecall moreimpairedthanstorage andmaintenancefollowedby recognition.Proactive interferenceleastimpaired. Poorencodingandnot forgettingmayberesponsible forimpairedrecognitionand recall.Encodingdeficitfor verbalandnon-verbal suggestsbilateralprefrontal deficit.Onlyretrievaldeficit forverbal(thoughcouldmean non-verbalwaseasier?)

VanOostrum2003
20SCZ 20PARKINSONS 20C

Asequivalentaspossibleon age,sexandeducation.
CVLT

Afterrecognition,SCZhad morefalsepositives,less semanticclusteringandlower recallconsistencythanc.No abnormalforgettinginany group.Bothpatientgroups lessrecallthanC.Allbetter atrecognitionthanrecall. SCZshowproblems discriminatingoldfromnew items. GoldbergandPaulsenalso shownbenefitofrecognition overretrievalinSCZ. Suggestssubcorticalor
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frontal-striatalpathology deficit&nottemporallobes problem?Whystriatum? AlsoseeninPDpatients- retrievaldeficit&preserved recognition.DATtemporal deficitshowsencoding problemsmarkedby intrusionsandforgettingrate, notseeninSCZ.

Vinogradov1997

26SCZ(medication less7dayspriorto experiment) 21C

Matchedonage,sexand education

Sourcemonitoring(40sentences- noun,verbandtargetwhichisblank- subjectstoreadout/selfgeneratetheir completionword.Nexttestincludes targetsgeneratedbyexperimenterplus newlistofassociatedtargetwords Recognitionmemory-todecide whethertargetwordisnew,old,self
orexperimentergenerated. ShipleyIQ

SCZhadnormalrecognition memory,butdeficientin identifyingsourceoftarget word.Moreerrorsin identifyingsourceofitems thatwerenewandself- generated. Assocbetweenexecutive- motordysfunction&source monitoringerrorsmediatedby
lowIQ.LowIQassociated withsourcediscrimination errorsforself-generateditems, butnewones(thiswaslostin SCZwithnormalIQsthough theystillhadmore discriminationerrorsthanC: Sourcememoryimpairedin old&frontallesionpatients. Frontallobesessentialfor associatingmemorieswith contextinwhichtheyare learned. SCZmoreproblems rememberingsourceofitems thatwereselfgenerated (unusualinnormalpeople).If itemisfamiliarbutsourceinfo isnotavailable,theywillsay
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it wasexternallygenerated.

Watanabe2002 Lettertoeditors

15SCZ (mildsymptomatic outpatients) 15C

10M:5F:age27.6years 10M:5F:agematched
RAVLT PerceptualMirrorReadingTask- Implicitmemory

Verballearningimpairedin SCZcomparedtoC.Effectof repetitionsameforboth groups. Implicitlearningintactin SCZ.

Waters2003

43SCZ 24C

Nodifferenceinage,sex, educationorpre-morbid NARTIQ

Contextmemorytask-selfpairingof objectsorexppairingofobjectsx2 tests Recognitionfortruepaircombinations andsourceofpairing NARTIQ

SCZlessaccurateinrecallof sourceandtemporalorderof eventsthanC. Contextualbindingimpaired?
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Weiss2002

20SCZ(pictures)
AllM:age44.6years

Incidentalencodingofwords(&
SCZgreaterfalserecognition

20SCZ(words)

AllM:age43.9years

audio)

ofnewitems.

16C(pictures)

AllM:age42.3years

RecognitionoldornewAllitems
Greaterfalsealarmsforwords

16C(words)

AllM:age37.4years Rananalysestocontrolfor parentaleducation,encoding, andmedication

presentedaswordsplusfoilsandfoils thenpresentedforsecondtime- participantstoldtolabelfoilsstillas 'new'

thanpicturesencodinggroup. AlsoSCZgreaterfalse recognitionforrepeatedfoils thanC-thisisduetoequal familiarityofrepeatedfoils andprevioustargets-pressure onusingsourcememoryto discriminate. BothSCZandCsuppress falserecognitionafterpicture betterthanafterword encoding. Greaterdelayleadtogreater falserecognitioninSCZ

Wexler2000

8SCZ

4M:4F:age46years

Auditoryverbalserialpositiontask (PET)

After10weeksoftraining verbalmemoryimproved- associatedwithnormalisation ofactivationofLIFC
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TableIB:Literaturereviewsofmemoryinschizophrenia Authors

Reviewtitle

ReviewType

Numberof studies

Results

Henrichs& Zakzanis1998

Neuropsychological deficitsinschizophrenia
Quantitative

204

Globalneuropsychologicaldeficit.Largesteffectsizeinglobalverbalmemory(d=l.41)
Aleman1999

MemoryImpairmentin schizophrenia

Meta-analysis

70

StablememoryimpairmentinSCZ,independentofage,medication,illnessduration,patientstatus,severityof symptomsorpositivesymptoms.

Danionetal,2001
Treatmentofcognitive dysfunctionin schizophrenia

Theoretical/qualitative
8

EvidencetosuggestthatautonoeticawarenessisimpairedinSCZ
Cirillo&Seidman 2003

Verbaldeclarative memorydysfunctionin schizophrenia:from clinicalassessmentto geneticsandbrain mechanisms

Qualitative

110

Of110,101foundimpairmentinSCZonatleast1VDMmeasure! Thismaybeduetoencodingdeficits,duetomildratesofforgetting. Attention,medication,andsymptomsdon'taccountforthisdeficit.SimilarbutmilderdeficitinrelativesandFE SCZ.

Achimand Lepage2003

Isassociativerecognition moreimpairedthanitem recognition?

Meta-analysis

23

20%greaterimpairmentforassociativethanforitemrecognition.
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Table1C:Studiesinvestigatingdevelopmentandstabilityofcognitiveimpairmentinschizophrenia (forabbreviationsandacronymssee'Abbreviationsandacronymstable') Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

Longitudinal studiesofNP change Addington1991
38acuteSCZ Test(1):38medicated Test(2):36medicated
25M:13F:age 30.9years

Longitudinal follow-up Initialassessment and6monthfollow upinremission.
Wordfluency Categoryfluency RCFT Designfluency WCST WMS WAIS

(1)Performanceon mosttestsimproved overthe6months. (2)Nochangeseenin wordfluencyorWCST
(1)Higher medicationrelatedto

lowIQbutnot cognition. (2)Cognitive impairmentmaybe worseinthoseless responsiveto medication,henceit mayimpacton performance. (3)GeneralIQ, WCSTandword fluencyassociated withnegative symptoms&persist duringremission- trait? (4)Delusionsdon't interferewith performancebut associatewithhigher IQ. (5)Infoprocessing deficitsinpositive symptomscouldbe statebutinnegative couldbetraitrelated. (6)positive symptomsimproved alongwithcognitive function(exceptword
Improvementsin cognitionover6 monthscouldbe relatedtochangein positivesymptoms
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

fluency&WCST)- couldbedeficitof state

Albus2002

50FESCZ Test(1):50medicated Test(2):23medicated 50C

23M:27F:age 31.6years 26M:24F:age29 years

Longitudinal follow-up Testedatremission periodandthen2 yearslater

WMS CVLT WCST Trail-making Stroop WAISDigitSymbol

(1)AllSCZperformed lesswellthancontrols onallNPscores. (2)Visuo-motor processingimproved overtimeinboth groups,andverbal learningintheFESCZ (trials1-5) (3)visualmemory deteriorationinSCZ duetoimprovementin C-biggerdiffbetween
2.

(1Symptomatology hadnoeffectonNP scores (2)Medication impactedonscoresat 2yearfollowup.
Improvements NPimpairmentis evidentatindexand followup,butis stable.

Censits1997

30FESCZ(illmean3 years)
(2previouslymedicated) 30previouslytreatedSCZ (illmean9years) Test(1):Allgroupsno medication2weeksprior Test(2):Allgroups medicated

38controls

17M:13F:age 30.3years 21M:9F:age 27.1years 25M:13F:age31 years

Longitudinal follow-up Testedatintakeand
19monthslater

WMS-RLogicalmemories CVLTtrials1-5 Wordfluency Semanticfluency Bostonnamingtest WRAT-Reading Bentonlineorientation WAIS-RBlockDesign WMS-RDesignReproduction (immediateanddelayed) WCST StroopTest CPT Trail-making WAIS-RDigitSpan WAIS-RDigitSymbol Reitan-Klovesensory-perceptual exam Thumb-fingersequentialtouch- motortest

Resultsdon'tsupport neurodegeneration. StabilityinNPofboth groupsovertime.
(1)Nocorrelations betweenmedication doseandNPoneight domainsoffunction (2)Nodifferenceon NPbetweenfirst episodemedication naiveandpreviously treatedpatients.

Clinicalimprovement seeninalldomains exceptanhedonia. Clinicalimprovement positivelycorrelated withNP improvement. Negativesymptoms correlatedconsistently withNP.Accountfor mostimprovementin cognitivefunction (seeBilder1985; Andreasen1990) Bizarreideationand languageshowed largestcorrelation coefficient

DeLisietal1995
25FESCZ

15M:5F:age 27.3

Longitudinal follow-up Hospitalisationand
Language Executivefunction Verbalmemory Spatialmemory

NPdidnotworsenover time Greaterthedecreasein
Nocorrelation betweenstructural changeandNP

Improvementinsome tests
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

4yrslater

Concentration/speed Sensory/Perceptual Left&righthemisphere Globalfactor StructuralMR1scans

brainsize,thelessan improvementinleft hemispherefunction. Improvementin concentration/speedand righthemisphere function

Gold1999

54FESCZ Negative Positive Disorganised Test(1):45medicated Test(2):40medicated

Longitudinal follow-up Hospitalisationand follow-up5yrs later (6 monthlyinterval assessments)

WMSLogicalMemoryfree recall Verbalassociativefluency delayed Visualsearchandattention WCSTflexibility Trail-makingB WAIS-RFS1Q Finger-tappingtest

VerbalIQandmemory stableovertime.Slight improvementsover5 yearsinperformance
IQandFSIQ(not practice-toolonga periodin-between).

Allsymptomgroups improvedovertime andFSIQimproved butverbalIQstable. Attention,freerecall andWCSTcategories improved.Motor functiondeteriorated
inbothhands (neuroleptics?). VerbalandFSIQ correlatedwith negativesymptoms andchangesin negativesymptoms. Corefeature? Medicationnot controlledsovariable andfluctuating!

Improvements Cognitivefunction doesnotdeteriorate overtime

Heaton2001

142SCZ(outpatients) 206C Splitintoshort(<36 months)andlongfollow
upperiods(>36months)

Longitudinal follow-up BaselineFE& 6months-10years later (mean3years)

WMS-RLogicalmemory CVLT Bostonnamingtest Wordfluency WAIS-RBlockdesign WAIS-RObjectassembly Trail-making WCST Fingertapping Groovedpegboard Handdynameter

Nochangein differencesbetween SCZ&Covertime. Anyimprovements likelyreflectedpractice effectsasincontrols.
Unaffectedby symptomschange. Noprogressive declineafteronset.

Hill2004

45FESCZ

28M:17F:age
Longitudinal

WMS-R

SCZbutnotCdecline

Stable
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

33C

23M:10F:age Age,sex& education matched

follow-up FEpriorto medicationand over2years SCZcompleted4/5 assessmentsat least,C3/5atleast
CVLT

after6weeksof treatmentinverbal memory. Thisreturnstobaseline levelby6monthfollow up.

Hoff1992

56SCZffm 57C Test(1):Allmedicated Test(2):Allmedicated
41M:15F:age 25.6years 39M:18F:age 29.1years

Longitudinal follow-up Baseline2-4 weeksafterhospital admissionand2 yearslater

Language Verbalmemory Executivefunction Concentration/speed Sensory/perception Spatialmemory Globalscore MRIscan

NotallpatientsandC hadbothscansand testing.Only17SCZ hadfollowups. Performanceonall measuresappearsto improveovertime- specificallyattention andspeedand executivefunction. Improvementcouldbe duetoitbeingafter discharge.Atested sub-grouppriorto dischargeshowed stabilityoffunction.

Hoff1999

42FESCZ
16C Test(1):39medicated Test(2):39medicated 7/42inremissionattest (2)ofwhich4were medicated Splitintoshort(2/3years) andlongfollowupgroups (4/5years)

31M:1IF:age 26.3years 11M:5F:age 26.1years

Longitudinal follow-up BaselineFE&2-5 yrslater

WRAT-R Bostonnamingtest Wordattack Wordfluency(COWA) CVLT WMS-RLogicalmemory WMS-Visualreproductions WCST Trail-making Fingertapping StructuralMRIscans

Dysfunctioninfirst5 yearsremainsstableat
1or2SDbelowC. Someaspectsof functionimprovedover time,althoughless verbalmemory improvementovertime relativetoC.

Improvementin positivesymptoms correlated(butnot brainmeasurements) withcognitive improvement. Lackofimprovement
inverbalmemorynot relatedtomedication

Hughes2002

62SCZ(orSCZaff)
39M:23F:age
Longitudinal

WMSlogicalmemory

Significant

Improvementin

Significant
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

25C Test(1):Allmedicated Test(2):Allmedicated
37.7years 15M:1OF:age 34.9years

follow-up BaselineFE&6 monthslater

WMSVisualreproductions HVLT Wordfluency(FAS) WCST TowerofLondon Trail-makingB WAIS-RDigitsymbol Executivegolftest CPT NART(test(1)only WAIS-RFSIQtest(1)only
improvementover6 monthsinbothgroups

onverbalmemory measures,trailsB,CPT errors,Digitsymbol. SCZalsoimprovedon trialsA,WCSTand delayedvisualmemory. Cognitionrelatively stableasidefrom obviouslearningeffect overtime(practice)
symptomspredicted onlybettermotor speed. Norelationship betweensymptoms andcognitiveability. Negativesymptoms predictedlowIQ.

improvementover6 monthsinbothgroups
onverbalmemory measures.

Landro1994

22SCZ 8AFF 14C

16M:5F:age32 years 4M:4F:age38 years 8M:6F:33years
Longitudinal follow-up Testedx3lyear intervals

STMtask-Peterson&Peterson AuditoryTrigramProcedure(3 consonantsreadaloud,then3 digitsreadBWasadistractor15 secretentioninterval). LTMtask-ContinuousDistractor Paradigm.(3differentword pairsin5trialsreadaloud,with distractorsbetweenpair presentation.Recall).

SCZperformed significantlyworsethan ConSTMandLTM task.

Allgroups improved/learned overtime.

Morrison2000

45SCZ Test(1):Allmedicated Test(2):Allmedicated
28M:17F:age35 years

Longitudinalfollow
up

Baselineand7 yearslater

NARTbaseline NART7yearslater

NARTdoesnotdecline overtime.Maybe stablepre-morbid estimateofcrystallised verbalintelligence
2SCZhadlarge changesovertime(- 16:+18)butmean changesmallacross group(1.4)

NochangeinNART

Nopoulous1994
35SCZ Test(1):28medicated Test(2):29medicated

2notonmedicationat test(10or(2)

29M:6F:age24 years

Longitudinalfollow -up Baselineand2yrs later

RAVLT WMS-Logicalmemory WMS-RPairedassociated Wordfluency(COWA) Strooptest CPT Trail-making Bentonvisualretention

Cognitivefunction stable. Attentionmaybestate dependent.

Improvementsin complexattention (Strooptest,trailsB) correlatedwith clinicalsymptom change.

Improvementsin complexattention (FE-2yrslaterSCZ)

Rund1989

14SCZ 8NONPSYCHC 20C

Longitudinal follow-up Baselineand4

Digitspanwithneutraland distractorconditionstrings
StabledeficitinSTM recallatboth assessmentsinSCZ (espnonparanoid).
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

yearslater

Parabetteratdistractor stringsvs.neutralat firstbutnotsecond assessment.Non-para &Cstableimpactof distractibilityovertime, butparanoidschanged overtime.Traitbut impactedbychanging psychopathology?

Stirlingetal(2003)
49SCZ 41SCZ,8SCZaff

28M:2IF:age26 years

Longitudinal follow-up Baselineand10-12 yearslater

Wordfluency NART Warringtonrecognitiontest MemoryforDesigntest WAIS-RObjectsassembly, picturecompletionand arrangement,blockdesign WCST

Declineovertimein picturecompletion, objectassemblyand memoryfordesigns- ffonto-parietaltests? Noimprovementon WCST Verbalfluency, recognitionoffaces showednon-significant improvement-

Persistentnegative symptomsprdictpoor outcome. NorelationtoNP though.

Sweeney1991

39SCZ (29SCZ; 4SCZffm; 6SCZaff) Test(1):Allmedicated Test(2):Allmedicated
24M:15F:age 28.6years

Longitudinal follow-up Clinicaldischarge and1yearlater
RAVLT WMS-RVisualReproductions Wordfluency(COWA&FAS) WCST

Trail-making WAIS-RDigitSymbol WAIS-RDigitSpan WAIS-RBlockDesign BentonsLineOrientation JudgementTest Finger-tappingtest

Psycho-motorfunction improvedovertime- trials,finger-tapping, digitsymbol. Verbalmemory (RAVLTrecognition) improvedwithtime. WCSTimproved preseverationerrorsand categoriesachieved- impairedtonormal rangein59%patients. Nochangeondigit span,blockdesign, visualmemory,verbal recallorfluency.
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

Cross-sectional studiesofage- relatedNPchange Fucetola2000

87SCZ 94C

Young(age30 years)N=23 Middle(age41 years)N=38 Old(age58.3 years)N=26

NPacrossdiscrete agegroups

WMSLogicalMemorytest Visual-Verbaltest WCST WAIS-RVocabulary WAIS-RDigitSpan WAIS-RBlockDesign WAIS-RDigitSymbol Trail-making WRAT-RArithmetic WRAT-ReadingandSpelling Dichoticlistening

Agerelateddeclinein NPsameinSCZ&C. Moreaccelerated declinethoughin abstraction(WCST)in SCZ.

Nochange

Goldberg1993

Reviewofstudies investigatingstabilityof cognitivefunctioninSCZ
Heaton1994

143SCZ 38C 42Alzheimer'spatients (AD)

Of143SCZ=
85earlyonset youngSCZ 36earlyonsetold SCZ 22lateonsetSCZ

NPacrossdiscrete agegroups

Storymemory Figurememory WAIS-R Specifically%retentionafter4 hourdelay

All3SCZgroupslike oneanother,butdiff fromAD&C. Impairmentsnotrelated
toAGE, CHRONICITYor TIMEofONSET. ADshowforgetting afteradelay,which reflects neuropathological process:thiswasnot seeninSCZ.

Hydeetal1994

74SCZ(medicated)
5agecohorts: 18-29,30-39,40- 49,50-59years
NPacrossdiscrete agegroups

MMSE ListLearning DementiaRatingScale Categoryfluency Bostonnaming WCST WRAT

Bostonnamingtest performancedeclined withage. Nodifferencebetween cohortsinperformance onallothertests (testsusedtodetecta

SCZappearstohave staticcourseacross agegroups.
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Author

Sample

Demographics

Typeofstudy

Tasks

Details

Medication& Symptoms

Outcome

progressivedementia)

Mockler1997

62SCZ

5agecohorts:18- 29,30-39,40-49, 50-59years 2agecohorts:18- 39years(young), 40-69years(old)
NPacrossdiscrete agegroups

RBMT WAIS-RFSIQ NART WAIS-NARTdiscrepancyscore
Nodifferencesbetween

5and2agecohortsin verbal,performanceor WAIS-FSIQ
Nodeclinefrompre¬ morbidtocurrentIQ acrossgroups.

Differencesondigit symbol&picture completion,but unrelatedtoageor durationofillness.
SCZhasastatic neuropsychological course.Mustoccur priortoonset:BUT WHEN?

TableID:Studiesinvestigatingpremorbidcognitivefunctioninschizophrenia (Forabbreviationsandacronymssee'Abbreviationsandacronymstable') Authors

Sample

Agegroups

Design

Cognitivemeasures

Results

Differences

Ambelas(1992)

18adultSCZ 18C

10-15yearolds
Follow-backcase- controlstudy (premorbidIQinSCZ andCkidsseenatchild guidanceclinic)

IQ

ChigherIQ,speech, languageandreadingthan kidsseenatsameclinic whoinadulthood developedSCZ.

Premorbiddifference
(CandpremorbidSCZ children)

Angetal2004

30FESCZ(M) 30C(M)

12years& 16years-/

Follow-backcase- controlstudy From20yearsoldSCZ militaryservicemento premorbidschool assessment

StandardisedEnglishandMaths PSLE(primary:12years) StandardisedEnglishandMaths andGCE(secondary:16years)
Bothgroupsshowed reductioninmarkson mathsbetween12and16 yearsassessments,but significantlybiggerdropin thosewhoarenowSCZ
Change< (premorbid12-16years)

Fuller2002

70SCZ

57M:13F 9,13and16years (premorbid)-/

Follow-back Fromapprox.age30 yearstopremorbid schoolassessment) (usingmentalhealth centre+prospective
Iowatestsofeducational developmentandbasicskills (Percentileranksfor6domainsof function) Vocabulary Readingcomprehension Language

Schoolscoresat9and13 non-significantlybelowthe stateaverage.Scores increased9-13. Astatisticallysignificant dropinscores(belowstate average)occurredbetween
Change< (premorbid13-premorbid16 years)
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Authors

Sample

Agegroups

Design

Cognitivemeasures

Results

Differences

longitudinal participants (Iowarecentonset psychosesstudy)

Maths Sourcesofinformation(i.e.maps) Composite(totalscores)

13and16years, specificallynoincseenat anypointinlanguage scores (applyingrulesofgrammar
towriting&organisationof ideastomaketextmore coherentand understandable) Scoresat16positively correlatedwithRAVLT, WAIS-R&VF

Guerra2002

189psychiatricpatients
16-50years

Follow-back Topremorbidmeasures
OC's Familyhistoryofmentalillness Developmentdelays Socialfunction IQ

NART

Earlyillnessonset predictedbygenetic loadinganddevelopmental delays Psychoticsymptoms predictedbypoorschool functioninadolescence andfamilyhistory,inspite of'normal'NARTscores

Isohanni1998

383psychiatricdiagnosis
16-28years

Follow-back (schoolassessment premorbid)

Ageinappropriateschoolclass levelat14 Classmarksat16

Notbeinginrightclassat
14predictedlater hospitalisation.Butlow marksat16predictedonly non-psychoticdisorders.

Jones1994

50(childrenwith psychiatriccarecontact)

Followbackcase- controlstudy (schoolassessment premorbid)

IQ

Differencesbetweenthose whodevelopedSCZand thosewhodeveloped affectivedisorder.SCZ hadlowerIQs-couldthisbe relatedtobehavioural difficulty?

Premorbiddifference (PremobidchildrenSCZand premorbidchildren affectives)

LaneandAlbee1964
36SCZ 36siblingsofSCZ 35C 35siblingsofC

7-8years^1"1grade (premorbid)

Followbackcase- controlstudy (schoolassessments pre-morbid- matchedscores betweenSCZandC grps)

Kulhman-AndersonClevelandIQ test

ThosewhobecameSCZ significantlylowerIQ(9 pts)thantheirsiblings,but nodifferencebetween controlsandtheirsiblings.
Premorbiddifference
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Authors

Sample

Agegroups

Design

Cognitivemeasures

Results

Differences

Munro2002

51SCZ

Premorbid children-/

Follow-back From21yearslater
IQ

Clinical,socialandservice utilisation

LowIQpredictedinc serviceutilisation&poor socialoutcome.

Russell1997

34SCZ

Follow-back From19.4yrslater
IQ

Meanchild&adultIQ lsd<C. Suggestsstabledeficitin
IQpredatingpsychosisand lastinglifetime. (Note:wereseenatchild psychiatryclinic-couldbe cohortwithearly developmental decline?)(adultIQsinthese SCZlowerthanother literaturereportsforadult SCZ)

Russell2000

24adultSCZ

Premorbidchildren
Follow-back

ChildhoodIQ, AdulthoodNART AdulthoodWAIS-R

Nodifferencesbetween childandadultIQscores. NARTdifferedfromother
2IQmeasures,andmay notbegoodindicatorof premorbidintellect,esp. whereIQisnotaverage.

StableIQ (premorbidchildhood-SCZ adulthood)

Conscriptandbirth cohorts Cannon2000

72SCZ(orSCZaff) 63siblings 7941C

4-7years (premorbid)-/

Birthcohortstudy Followuptoascertain morbidity

Standardisedcognitivetests
SCZandsiblingsworseon verbalandnon-verbaltests comparedtonon- psychiatricCat4-7years old.

Differencebetweengroups (premorbid4-7yearsSCZ and4-7yearssiblings)

Caspi2003

44FESCZ 44C

16-17years (premorbid)-/

Cohortstudy (Israelidraft) followup2yearslater
Arithmetic, Similarities(verbalreasoning) Raven'sprogressivematrices (abstractreasoning) OTIS-R(verbalIQ)

NochangeinIQbetween premorbidandfirstepisode SCZ. DeclineonRaven'sand OTISrelativetoC. Mostcognitivedecline maybepriortofirst psychoticepisode

Nochange (premorbid17-FE19years)

Crowetal1995

57broadcategorySCZ 40narrowcategorySCZ
Premorbid-7,11,16 and23years

NationalChild DevelopmentStudy
(BristolSocialAdjustmentGuide Physicalandneurological
Greatestacademic impairmentinpre-SCZ,
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Authors

Sample

Agegroups

Design

Cognitivemeasures

Results

Differences

35AffectivePsychosis 79Neurosis Comparedtototal(12- 15,000atdifferentstages) orrandom10%ofsample (Doneetal)

development Reading Maths Generalabilityincludingverbal andnon-verbalIQ Testsdifferedfordifferentage groups

thenpre-neurotics,then pre-affectives. Pre-SCZlowestonreading (i.e.wordrecognition)at allagegroups,mathsat7 and11butnot16,relative
toothers.Generalability alsoworsethanallat11 years. PreSCZhostileand deviantinbehaviourat7, moresoinMthanF.No evidenceofsocial withdrawal.Thisappears

byage11. Pre-SCZslowtodevelop continence,poor coordinationandvisionat 7andclumsyat16years.

David1997

50,000Swedishconscripts, ofwhich195laterSCZ.
18years (premorbid)

Cohortstudy(Swedish conscripts)

Verbal Visuo-spatial, Generalknowledge Mechanicalknowledge

195conscriptslatertreated forSCZ. LowIQ(specifically verbalandmechanical knowledge)associated linearlywithincreasedrisk forSCZ.Riskforother disorderstoo,butless linearrelationship.

Gunnell2002

109643Swedish conscripts,ofwhich(over 5years)60laterSCZand 92otherpsychoses.
18years (premorbid)-/

Cohortstudy(Swedish conscripts) followup5yearslater
Verbalintelligence Performance/non-verbal intelligence. Controlledforlowbirthweight, birthrelatedexposuresandparental education.

Over5yrs,60developed schizophrenia&92other psychoses. Poortestscoresassociated withlaterpsychosis,esp. SCZ. Othercontrolledfactorsdid notaffectresults.

Jones1994

30SCZ

Frombirthandat8,
ProspectiveBirth

Non-verbal

Deficitof3.1for
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Authors

Sample

Agegroups

Design

Cognitivemeasures

Results

Differences

4716C

11and15years (premorbid)

cohortstudy(British NationalBirthCohort)
Verbal Arithmetic Vocabulary Reading Sociability Aggression Emotionalstability Attitudestoothers

vocabularyand9.5for non-verbaltestscores, increasingwithage. Linearassociationbetween lowIQandincreasedrisk forSCZ. SCZwalkedlaterthanC (differenceof1.2months) Solitaryplayat4yrswas predictorforSCZ

High-RiskStudies ErlenmeyerandKimling
79adultoffspring schizophrenicpatients {12schizophrenia-related psychoses 28majoraffective disorders

13majoraxisIdisorder 13nodisorder} 57adultoffspringof affectivelyillpatients {4schizophreniarelated psychoses 26majoraffective disorders 12majoraxisIdisorders 15nodisorder} 133adultoffspringof normalparents {1schizophreniarelated psychosis 40majoraffective disorders 37majoraxisIdisorders 55nodisorder}

Meanage(SADS- interview)19.7 years Assessedfromage
of9.3years6 assessments3year intervals.

High-riskstudy (New-York)

CPT Attentionspan WISCDigitSpanFWandBW VisualAuralDigitSpan Neuromotorassessment
(2 regressionequations(1)relates parentalstatusandcontrol variablestoNP(2)relatesparental status,controlvariablesandNPto adultpsychiatricoutcome)

Sensitivityofpredictionof schizophreniarelated psychosesgreatestfor memorymodelinoffspring
ofSCZ(83.3%)andlowest forattentiondeviance- althoughalsolowestfalse positivesforthisfactor (58.3%).NPcould phenotypicindicator. Affectivesoffspringalso showedgreatermemory andmotorthanattention impairments,soless specificforSCZperhaps? Combining3modelsgave betterprediction,accuracy andlowestFalsePositives thaneithermodel individually.

Goldstein2000

Offspringof182SCZ
7years(premorbid)
High-Riskstudy/Birth cohort

IQ

OC's

LowIQat7significantly associatedwithdeveloping
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Authors

Sample

Agegroups

Design

Cognitivemeasures

Results

Differences

Followuptoascertain morbidity

Sex Age, Hypoxic-aschemicinsult.
SCZ/otherpsychoses.

Griffith1980

17adultSCZ 190High-risk(HR)

HRChildren (premorbid)

High-riskstudy (Copenhagen) Follow-uptoadulthood
wise

NodifferenceinIQscores betweenHRwhodidand didnotdevelopSCZ.
Nodifferencebetween groups (HRandHRnowSCZ)

Kremen1998

693offspring(later developedSCZ)

Birth-4-7 (premorbid)

High-Riskstudy (NationalCollaborative PerinatalProject) Follow-upat23years
StanfordBinetIQtest(4yearsold) WISC(7yearsold).LookedatIQ changebetween4and7years- regressedstandardisedage7scores onage4scoresandresiduals (observed-predicted)tellsyou amountofchangeincomparisonto expectedpredictedscore.
Thoseshowingdeclines between4and7weremore likelytodeveloppsychotic symptomsbyage23. IQbetween4and7raw scoredidnotpredictalone, butatage7lowrawIQdid predictpsychotic

Change< (premorbid4-premorbid7 years)
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TableIE:Meta-analysis:includedstudiesoflearningandmemoryinunaffectedrelativesofschizophrenicsandcontrols (Forabbreviationsandacronymssee'Abbreviationsandacronymstable') Reference

Relatives(age)

Gender

Controls(age)

Gender

NeuropsychologicalTest

IQ'

Appels,Metal 2003

74parents(53.6)
37M:37F

56C(53.7)

28M:28F

CVLTTrials1-5 CVLTLongdelayrecall, VerbalFluencyforletters(N&A)and category(animalsandprofessions) WAISDigitSpanFW&BW
GroningenIntelligenceTest: NS

I

Byrne,M,etal 19992

1041st&2nddegree (21.1)

57M:47F

33C(21.2)

17M:16F

WMSVisualreproductionsimmediate
anddelayed WAISDigitSpanFW&BW

NART1Q WAIS-RFSIQ:S CovariedforIQandretained differencesondelayedVisual memory

2

Byrne,M,etal 2003s

157lsl&2nddegree (21.2)

77M:80F

34C(21.3)

17M:17F

RBMTStoryrecall VerbalFluencyforletters(F,A&S) andcategory(animals) RAVLT(completetest)

NARTIQ&WAIS-RFSIQ:
S

Notinc.ascovariate

3

ChenY,etal, 2000

21siblings(30.5)
6M:15F

26C(30.5)

11M:15F

VerbalFluencyforcategory(animals, transportandfood)

WAISComprehension, Similarities,&Information: S
Notinc.ascovariate

4

Docherty,N,et
al,

59parents(62)

31M:28

24C(61)

13M:1IF

MatchedTaskDigitSpan

5

Dollfus,S,etal, 2002

23parents(58.1)
7M:16F

23C(55.7)

7M:16F

VerbalFluencyforletters(P)and category(animals)

RAVENIQ&WAIS-RIQ:S CovariedforIQandretained differencesinVF

6

Egan,M,etal 2001

193siblings(36.1)
83M:110F

47C(33.3)

16M:3IF

WMSLogicalMemory WMSVisualReproductions CVLT(Trials1-5Learning) VerbalFluencyforletters(andcategory
WAIS-RIQ:

NS

WRAT:
NS

7

Faraone,S,etal 20004

41simplex(Iclose affectedrelative) (18-59)

29M:12F

100C(18-59)

58M:42F

WMSLogicalMemory WMSVisualReproductions
WAISBlockDesign& Vocabulary:

S

8

1NS=non-significantdifferencebetweenrelativesandcontrols,S=significantdifferencebetweenrelativesandcontrols 2Byrneetal(1999)includesasubsetofsampleinByrneetal(2003).WMSvisualreproductionsandWAIS-RDigitspandatawasnotavailableinByrneetal(2003), thereforedatawasextractedfromByrneetal(1999)3Byrneetal(1999)usesasubsetofsampleinByrneetal(2003) 400



Reference

Relatives(age)

Gender

Controls(age)

Gender

NeuropsychologicalTest

10' CorrectedforIQdifferences andretainedsignificant differencesinperformance

Franke,P,etal 1999

49siblings(26.9)
ND5

53C(28.1)

ND

RecurringDigitSpanTask

NA6

9

Gochmanetal (2004)

24siblings(19.3)
12M:12F

38C(17.8)

21M:17F

WAISDigitSpanFW&BW

WAIS-R/WISC-R Vocabulary:NS

10

Goldberg,etal 19937

48 (24DiscordantMZ twins)(30.9)

28M:20F

14C (7MZtwins) (30.6)

6M:8F

WAISDigitSpanFW&BW

11

Goldberg,etal 1995

40 (20DiscordantMZ twins)(30.9)

20M:20F

14C (7MZtwins) (30.6)

6M:8F

WMSLogicalMemory WMSVisualReproductions PairedAssociateLearning VerbalFluencyforletters(F,A&S)
WMSIQ&WRATReading:

NS

12

Harris,J,etal 1996

28parentsof schizophrenics (Probandsaverage age35years)

14M:14F

18C(29)

9M:9F

StoryMemorytest(Heatonetal,'99), CVLTtrials1-5 WAIS-DigitSpan

WAISVocabulary+Block design: NS

13

Ismail2000

21siblings(37.9)
9M:12F

75C(35.9)

59M:16F

DigitSpan VerbalFluencyforletters

NA8

14

Keefe,R,etal 1994

541stdegree(34.8)
22M:32F

18C(35.9)

15M:3F

VFletters(t)&category(animal)
WAISVocabulary&Block design: NS

15

Keri,S,etal, 2001

25Is'degree relatives(31.2)

15M:10F

20C(33.4)

12M:8F

Verbalrecall&RecognitionofList (Short&Longdelays) DigitSpanForwards&Backwards VerbalFluencyforletters(F,A&S)
WAIS-RIQ:

NS

16

Kremen,W,et
39Is'degree

AllF

44C(35.9)

AllF

WMSLogicalMemory

WRATReadingPerformance
17

4Onlysimplexrelativesfromthisstudyareincludedinthemeta-analysis.SeeSeidmanetal(2002)5ND=Notdetailed 6NA=Notapplicable(IQnotmeasuredwithinthisstudy)7Goldbergetal(1995)usesasubsetofsampleinGoldbergetal(1993).WAISDigitspanFWandBWwerenotavailableGoldbergetal(1995),soextracteddatafrom Goldbergetal(1993)
8NA=Notapplicable(IQnotmeasuredinthisstudy) 401



Reference

Relatives(age)

Gender

Controls(age)

Gender

NeuropsychologicalTest

IQ'

al1998

relatives(38.4)

WMSVisualReproductions
(covariate) WAISVocabulary&Block Design (covariate) Onlyvisualmemory differenceslostafter adjustmentforbothIQand visualcopyscore.

Laurent,A,etal, 1999

371stdegree relatives(46.1)

14M:23F

37C(45.4)

14M:23F

WMSLogicalMemory, WMSVisualReproductions (immediate&%loss) PairedAssociateLearning, DigitSpanFW&BW

EstimatedFSIQ(Brooker& Cyr,1986)(WAIS Vocabulary&BlockDesign): NS

18

Lyons,M,etal, 1995

18151degree relatives(42.8).
ND'

11C(39.5)

Groupsmatched forgender

CVLT(completetest)

NA

19

O'Driscoll,G,et
al,2001

20Is'degree relatives(18-50)
9M:1IF

14C(18-50)

5M:9F

WMSLogicalMemorytest
GeneralIQ>80allsubjects. WAISBlockDesign& Vocabulary (Trendcorrelationwith delayedverbalmemory)
20

Roxboroughetal 1993

30(38.7)

12M:18F

30C(28.7)

23M:7F

VerbalFluencyforletters(F,A&S) andcategories(animals,fruitand flowers)

NART(est.FSIQ) WAIS(est.FSIQ) CovariedforNARTinVF lettersbutnotCategories
21

Seidmanetal 200210

28simplex (41.9)

10M:18F

48C(40.1)

27M:21F

WMSLogicalMemoryImmediate& Delayed

(WAIS-RVocabulary &Blockdesign):S WRAT-RReading:NS
22

Shedlack,K,et
al1997

14siblings(33.1)
5M:9F

17C(31.9)

9M:8F

WMSLogicalMemoryImmediate& Delayed WMSVisualReproductionsImmediate
&Delayed WAISDigitSpanFW&BW

WRAT WordAttack(Woodcock, 1987)):NS

23

Toomeyetal

54(39.1)

33M:21F

72C(36.0)

40M:32F

WMSLogicalmemory

WRAT-RReading:

24

9ND=Notdetailed 10Onlysimplexrelativesinthisstudyareincludedinthemeta-analysisforWAISIQ.UsessubsetofsampleusedinFaraoneetal(2000).MultiplexsampleinFaraoneetal (2000)showedworseperformancecomparedtobothsimplexandcontrolgrouponLogicalmemorymeasure. 402



Reference

Relatives(age)

Gender

Controls(age)

Gender

NeuropsychologicalTest

IQ'

1998

NS

Toulopoulou,T
etal,2003

115relatives(lsl& 2nddegree) (49.4)

44M:7IF

66C(38.8)

33M:33F

WMSLogicalMemoryImmediate& Delayed,PairedAssociates WMSVisualReproductionsImmediate
&Delayed

WAIS-RIQ

25

Wittorf2004

261adegree relatives(43.8)

11M:15F

21C(37.8)

10M:1IF

RAVLT VerbalFluencyforletters WAISDigitSpanFW&"BW
NA

26

Zallaetal2003
221stdegree relatives (35.8)

11M:1IF

20C(35.1)

7M:12F

VerbalFluencyforletters,categories andassociations

WAIS-RFSIQ:
S

27

11RCFTscorenotincludedinmeta-analysisduetodifferentformatfromWMSVisualReproductions 403



TableIF:Meta-analysis:excludedstudiesoflearningandmemoryinunaffectedrelativesofschizophrenicsandcontrols (Forabbreviationsandacronymssee'Abbreviationsandacronymstable') Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

IQ12

ResultsIJ

Reasonfor exclusion

Asarnowetal2002
11laor2n<ldegreerelatives (11.7) +Parents'4 4M:7F

47C(12.3) +Parents 26M:21F

Verbalmemory-

CVLTTrial1

Participants<16 yearsold

Cannonetal1994
16siblings(31)

31C(28)

Verbalmemory- SpatialMemory- Language- Attention-

CVLTTrials1-5+WMS- LogicalMemoryPassages+ PairedAssociateLearning WMSVisualDesign Reproduction+Facial Recognition COWAletters+Animal& BostonNaming+ Comprehension+Sentence Repetition+Reading+ Recognition+Vocabulary, Tokentest WAIS-RDigitSpan+Digit Symbol+StroopTest+Trail MakingA+CPTvigilance
NA15

VerbalMemory: OSibs** SpatialMemory: C>Sibs** Language: C>Sibs* Attention: C>Sibs*

Aggregated scores

Cannonetal2000
18 (36DiscordantMZtwins) (49) 60 (30DiscordantDZtwins) (48)

110C(49)

Verbalworkingmemory- Spatialworkingmemory- Verbalfluency- Verbalepisodicmemory
WAIS-RDigitSpan WMSVisualSpan Verbalfluencyanimalnames CVLTtrials1-5Learning+ Short&LongDelayedList Recall CVLTintrusionsscore

EstimatedIQ (WAIS-R Vocabulary, Similarities, Blockdesign& DigitSymbol):S
VerbalWorking Memory:NS GeneticLiability: SpatialWorking Memory,divided attention,choice
Aggregated scores

12NS=non-significant,S=significantdifference 13*p<0.05,**p<0.001,NS=non-significant 14ParentsonlyassessedonWAIS-RVocabulary 15NA=Notapplicable(IQnotmeasuredinthisstudy) 404



Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

IQ12

Results13

Reasonfor exclusion

Storymemory- Visualepisodicmemory-
CVLTclusteringscore WMSLogicalMemoryTest WMSVisualReproductions

reactiontime, recallintrusions, (lesssignificant semantic clusteringability): MZtwins<DZ twins<controls Diagnosiseffect: VerbalEpisodic, VisualEpisodic, SpatialWorking Memory predictiveof schizophrenia Geneticliability mayimpact prefrontalcortical systems

Condrayetal

121stdegreerelatives(35.9)
18C(31.9)

Language-

LuriaNebraskaLanguage Comprehension-Relational ConceptsFactorScale

WAIS-R Information& BlockDesign

Nodifference betweenSCZand brotherson language comprehension, butbrothersless ableonlanguage measuresthanC
Memorytests notcompatible

Conklinetal2000
561stdegreerelatives(42.3)
73C(35.7)

Attention

WAISDigitSpanFW&BW
NA16

Backwardsspan C>rels*

Noavailable statistics.F valuesreflect comparison across3groups (relatives, controlsand schizophrenic patients)

Chazanetal1986
23lsl&2nddegreerelatives (20-63years)

NA17

Memory-

FullWMSMemoryQuotient (MQ)

N/A

Significant correlation

Nocontrol Group/

16NA=Notapplicable(IQnotmeasuredinthisstudy) 405



Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

IQ12

Results13

Reasonfor exclusion

betweenMQof SCZandrelatives
OnlyMQ presented

Davalosetal2004
51children(10.2)

51C(10.9)

Verbalworkingmemory- Visualworkingmemory-
SentenceSpan CountingSpan

Estimated1Q (WAISBlock Design): NS

SentenceSpan: C>offspring* CountingSpan: C>offspring*

Memorytests notcompatible

Driscolletal1984
Is'degreerelatives

C

Memory-

Intentionalandincidental memory

Orelson intentional learningwith distraction

Participants<16 years

Edelstynetal2003
21stdegreerelatives (parents)

16C(31)

Memory-

WordandFaceRecognition Memory

N/A

Memorytests notcompatible/ relativesample< 10participants

Erlenmyerand Kimling2000

269offspring

NA"

Attention-

DigitspanFW&BW CPT Attentionspantask

Faraoneetal1995
351stdegreerelatives(36.7)
72C(35.5)

Verbalmemory- Visualmemory- Learning- Mentalcontrol/encoding
WMSLogical WMSVisualReproductions- PairedAssociateLearning- WAISDigitSpan+mental control+arithmetic

NA

WMSLogical Memory Immediate: C>rels** WMSLogical MemoryDelayed:
C>rels** WMSVisual Reproductions Copy: C>rels* WMSVisual Reproductions Immediate: C>rels* WMSVisual Reproductions Delayed: C>relsT

Aggregated scores

17NA=Notapplicable(Nocontrolgroup) 18NA=Notapplicable(nocontrolgroupdataincluded) 406



Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

IQ12

Results1J

Reasonfor exclusion

Faraoneetal1996
22Is'degreerelatives(68)
14C(68)

Memory-

WMSLogicalMemory WMSVisualReproductions (copy&immediate)

NA

NS

Laterstudies used

Faraoneetal1999
391stdegreerelatives(42)
45C(41)

Memory-

WMSLogicalMemory WMSVisualReproductions
NA

WMSLogical Memory Immediate: C>rels* WMSLogical MemoryDelayed:
C>rels* Stabledifferences over4years

Laterstudies used

Gilvarryetal2001
72Is1degreerelativesof schizophrenics(47.5) (ObstetricComplications Relsscz:- OC-=43; OC+=9

Verbalfluency-

Thurstone'sWordFluencytest
(C&S)

NARTIQ Scz<affectives **

Relsscz<rels manics* RelssczOC+> RelsOC-*

WordFluency: RelssczOC+> RelsczOC- (+afterNART adj.)** Obstetriccomp relssczbetterIQ andfluencythan thosewithout?

Nocontrolgroup

Johnsonetal2003
19MZdiscordantfor schizophreniatwins(48.6) 31DZdiscordantfor schizophreniatwins(48.4)
56C(45.5)

Episodicmemory- Workingmemory- Attention- Executivefunction-

WMSLogicalMemory WMSVisualReproductions CVLT(Trials1-5) DigitSpanBW,VisualSpan
FW&BW DigitSpanFW,TrailMakingA &B,Stroopinterference Lexical&semanticverbal Fluency,WCST,BlockDesign

EstimatedIQ (WAIS Vocabulary)

Schizoptypal symptomsrelated
toverbalmemory, visualmemory, attention& executive function. Geneticriskand symptomsinteract formostfunctions SpatialWorking memoryonly relatedtogenetic riskandnot symps

Krabbendametal
501stdegreerelativesof
50C(35)

Episodicmemory

RAVLT

EstimatedFSIQ
SpeedInfo

407



Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

1Q12

Results13

Reasonfor exclusion

2001

schizophrenics(36.9)

Semanticfluency- Workingmemory-

WordFluency(animals& professions) WAIS-RDigitSpan+Trail Making(ModifiedtoConcept Shiftingtest)

(Groningen ShortForm) RelshigherIQ thancontrols, espwhen controllingfor independent cognitivedeficits
Processing, Working Memory, Episodic Memory: (orderof magnitudeof deficitseen): C>rels

Kremenetal1997
39F&15M1stdegree relativesofschizophrenics (38.4,40.8) LookingforGrpXSex Interaction i.e.Malerelsdifferfrom femalerelsmorethanmale controlsfromfemalecontrols
44F&28M(35.9,36.7)
Verbalmemory- Visualmemory- Learning- Mentalcontrol/encoding-
WMSLogicalMemory WMSVisualReproductions PairedAssociateLearning WAISDigitSpan+mental control+arithmetic

WRAT-Reading (estIQ)

LogicalMemories Immediate& Delayed GrpXsex interaction* FworsethanM scz

Aggregated scores

Macdonaldetal (2003)

24siblings 24Scz

36C

Contextprocessing

CPTAXtask(expectancyand contextprocessing)

C>rels*in context processingtask, butnot expectancy

Mirskyetal1988
1stdegreerelatives(25?)
C?

Attention/memory-

WAIS-RDigitspan

C>rels*

CombinedDS score?

Rutschmannetal 1980

461stdegreerelatives (NYHRP)

53C

Verbalmemory-

Auditoryshorttermrecognition memorytest(forwordsand consonantvoweltrigrams)
N/A

Memorytests notcompatible

Sponheimetal 2004

221"degreerelatives
23C

Verbalmemory-

Encoding(Sizejudgementtask)
-freerecall-priming(lexical decisiontaskaboutwordor non-wordpresentingoldwords, newwordsandnonwords- speedofresponsetonewand oldshowsprimingeffect)and recognitiontaskoforiginalold words

WAISshort fromIQ vocabularyand BlockDesign

Encoding: SCZ<Rels&C RelsandCdid notdiffer. Freerecall: SCZ<C&Rels Rels<C Priming SCZslowerthan C&Rels Allgrpsbenefited fromprevious

Memorytests notcompatible

408



Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

IQ12

Results13

Reasonfor exclusion

wordexposure (getfaster),soall showpriming effects Recognition SCZ<RelsandC RelsandCdid notdiffer. Acorrelation analysisshowed depthofencoding
to predictexplicit recallinCbutnot rels,whereas primingwas associatedwith encodinginrels

Staaletal2000

15151degreerelatives(41.5)
32C(40.3)

Verbalmemory- Visual/spatialmemory- Attention- Language- Executivefunction-

CVLTtotaltest ReyCFT+WMSVisual reproductionsImmediateRecall Digitspan+selforderingtask+ Strooptest+missingitemscan Vocabulary+Verbaland categoryfluency+Stroop Colournaming TowerofLondonplanningand initiationonmotorplanning task

N/A

Executive function C>siblings*

Aggregated scores

Tuulio-Henriksson
etal2002

2641stdegreerelatives(from cohortof131/397ascertained families)

NA19

Attention- Verbalmemory-

WMS-RDigitspanFW&BW CVLT

WAIS-R Vocabulary, similarities, blockdesignand digitsymbol

Using QuantitativeTrait Loci: Traitsforverbal encoding&

Nocontrolgroup

19NA=Notapplicable(nocontrolgroup) 409



Reference

Relatives(age)

Controls(age)

NeuropsychologicalTest

1Q12

Results13

Reasonfor exclusion

(covariate)

verbalworking memory:semantic clustering, recognition memory, intrusions. Poorsemantic categorizationto facilitate encoding. Slowed encoding?? Blockdesign-rels slowerthanc. Visualworking memory& conceptformation too
Allreflectfrontal lobedeficits Apparentlylong &shortterm recall,andverbal totalrecallare nongenetically mediated

Tuulio-Henriksson
etal2003

3lsingletonfamilyl*degree relatives(46.3) vs. 67multiplexfamilyIs' degreerelatives(48.5)
NA

Attention- Verbalmemory-

WMS-RDigitspanFW&BW CVLT

WA1S-R Vocabulary, similarities, blockdesignand digitsymbol

Simplexvs. multiplexfamilies differonlyin visualBWspan
Nocontrolgroup

410
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Table 2A: Edinburgh High Risk Study sample numbers over time

Edinburgh High Risk Project
1994-2004

U

Potential Sample identified (1994)

u u

High Risk (N) Control (N)

(229) (43)

Phase 1 Round 1

(Preliminary data only)

(Johnstone et al 2000)

u u

(162) (36)

Baseline

Full Neuropsychological data available

(Byrne et al 2003)

u u

(157)

11

(34)

U

(-4) No PSE (- 2) Withdrawn

(+1) Phase 2 Round 1 (+ 4) Phase 2 Round 1

Baseline

Full Clinical & Neuropsychological data
available

u u

(154) (36)

U Clinical & Neuropsychological data for
analysis of changes over time

(At least 2 assessments required)

u

(- 35) Only 1
neuropsychological

assessment

(-6) Only 1
neuropsychological

assessment

(-1) Developed
schizophrenia at 2nd

assessment

u u

(118) (30)

412



Table2B:Baselineneuropsychologicaltestmeans,standarddeviationsandresultsofUnivariateAnalysesinthehigh-riskparticipantgroup Task (Baselineassessment)

HR-(PSE1) (N=107)

HR+(PSE1) (N=28)

NowSCZ (N=18)

MaineffectofGroup

Planned HR-&HR+ >SCZ

Contrasts HR->HR+

Mean(SD)

Mean(SD)

Mean(SD)

F

P

t1P

t

P

GeneralIntelligence

(N=100)

(N=25)

(N=17)

NARTest.FSIQ

98.9(9.0)

97.8(10.4)

97.1(13.1)

0.3

0.7

WAIS-RFSIQ

99.0(13.0)

93.3(11.2)

96.8(13.7)

2.0

0.1

WAIS-RVIQ

97.8(11.7)

92.9(9.8)

94.2(11.4)

2.3

0.1

WAIS-RPIQ

100.4(14.0)

95.8(13.2)

101.8(17.4)

1.2

0.3

SpottheWordTest

45.7(4.9)

45.1(4.2)

43.4(5.4)

1.6

0.2

WAIS-RDigitSymbol

10.2(2.8)

9.5(2.2)

9.3(2.6)

1.1

0.3

WAIS-RBlockDesign

11.0(2.8)

10.4(2.5)

11.1(3.4)

0.5

0.6

SpeedofComprehension

63.5(18.2)

58.3(17.2)

61.2(19.7)

0.8

0.4

Memory

(N=97)

(N=25)

(N-17)

RBMTImmediateStoryRecall
9.4(3.2)

7.6(3.3)

8.3(3.2)

3.5

0.03

1.7

0.01

RBMTDelayedStoryRecall
8.2(3.2)

6.8(3.5)

7.0(2.8)

2.5

0.08

1.4

0.05

RAVLTTotaltrials1-5

51.3(8.9)

52.5(7.7)

47.0(7.8)

2.3

0.1

4.9|0.03

RAVLTLongDelayRecall
10.5(2.8)

11.3(2.7)

9.8(2.3)

1.3

0.3

WMS-RTotalImmediateVisualRecall
35.2(3.8)

36.0(3.9)

34.1(4.8)

1.2

0.3

WMS-RTotalDelayedVisualRecall
32.6(5.8)

33.6(4.4)

32.1(5.4)

0.4

0.6

VerbalFluencyforCategories
15.7(4.7)

14.1(4.3)

16.2(4.4)

1.5

0.2

Executivefunction

(N=98)

(N=28)

(N=16)

FISCTTimeSect.1*

5.3(1.1),6(5.0,6.0)
4.9(1.4),6(5.0,6.0)

4.9(1.3),6(5.0,6.0)

1.7,0.1

0.2,0.9

HSCTTimeSect.2

5.6(0.9),6(6.0,6.0)
5.5(1.1),6(5.0,6.0)

5.5(1.0),6(5.5,6.0)

0.3,1.1

0.7,0.6

HSCTTypeAerrors

3.6(5.2),3(0.0,6.0)
3.0(3.9),0(0.0,6.0)

4.8(4.8),3(1.5,10.0)
0.8,2.4

0.5,0.3

HSCTTypeBerrors

4.7(6.5),2(0.75,4.0)
5.4(8.2),2(1.0,4.0)

5.2(7.2),2(0.0,9.0)

0.1,0.1

0.9,0.1

StroopTimesuppressioncondition
23.4(5.6)

23.7(4.8)

24.1(6.3)

0.1

0.9

StroopTimesuppression-control
13.5(5.3)

13.2(5.4)

14.2(5.4)

0.1

0.8

*AllHaylingSentenceCompletion(HSCT)datanotnormallydistributed.Mediansand25thand75thpercentilespresentedalongwithmeansandstandarddeviations.Chi- squaredvalue(Kruskal-Wallistest)andsignificance,presentedafterFvalue(ANOVA)andsignificance. 413



Table2C:Comparisonofverbalmemorytestperformanceovertime(baselinetolatestassessment)inhigh-riskparticipantswhohave(HR+),andhavenot(HR-) experiencedapsychoticsymptomovertime,thosewhohavesubsequentlydevelopedschizophrenia(Scz)andcontrols(C) Task20

Controls

HR-

HR+

Scz

Group effectat firstand latest assessment s2'
Contrasts

forfirst andlatest assessment
Overall Group Effect

Effect Size22

Group Contrasts
23

Groupeffect (+NART- IQ)2"

GrpXTime Interaction

Mean

SE25

Mean

SE

Mean

SE

Mean

SE

F

F

F

RBMTImmediateStory Recall Baseline

11.7

(0.6)

9.4

(0.5)

9.0

(0.5)

8.5

(0.9)

5.7**

(1)**

5[**

0.12

(1)**

3.4*

0.9

Latest

10

(0.6)

9.1

(0.5)

7.9

(0.4)

7.6

(0.9)

3.1*

(1)*(3)'

RBMTDelayedStory Recall Baseline

10.7

(0.6)

8.1

(0.5)

8.1

(0.4)

7.3

(0.9)

5.6**

(1)**

5.0**

0.12

(,)**

3.3*

0.7

Latest

9.0

(0.6)

7.4

(0.5)

7.3

(0.4)

6.6

(0.9)

2.51

(D*

RAVLTTotaltrials1-5 Baseline

55.8

(1.9)

52.4

(1.5)

54.5

(1.6)

46.8

(2.9)

2.8*

(1)*(3)*

2.4

0.08

(1)*(3)*

2.0

0.8

Latest

52.8

(1.7)

50.5

(1.3)

50.4

(1.4)

46.4

(2.6)

1.5

RAVLTLongDelayRecall Baseline

12.3

(0.5)

10.7

(0.4)

11.2

(0.4)

9.3

(0.8)

3.2*

(1)**(3)1
3.3*

0.10

(1)*(3)*

2.6*

0.3

Latest

13.4

(0.5)

12.5

(0.3)

12.9

(0-4)

11.4

(0.7)

2.1

20Meansadjustedfortimebetweenassessmentsandnumberofassessments:*p<0.05,**p<0.01significantafterBonferronicorrection,TTrendforsignificance 21ResultsofUnivariateAnalysisofVarianceforfirstandforlatestassessments 22PartialEtaSquared(proportionoftheeffect+errorvarianceattributabletotheeffect) 23PlannedHelmertcontrasts:(1)C>HR;(2)HR->HR+&SCZ;(3)HR+>SCZ 24Effectafterco-varyingforNARTIQ 25Standarderror 414



Table2D:Comparisonofexecutivefunctiontestperformanceovertime(baselinetolatestassessments)inhigh-riskparticipantswhohave(HR+),andhavenot(HR-) experiencedapsychoticsymptomovertime,thosewhohavesubsequentlydevelopedschizophrenia(Scz)andcontrols(C) Task26

Controls

HR-

HR+

Scz

Groupeffect
atfirstand latest assessment'J

Contrasts
forfirst andlatest assessmen

t4

Overall Group Effect

Effect size28

Group Contrasts
29

Group effect (+NART- IQ)30

GrpXTime Interaction

Mean

SE31

Mean

SE

Mean

SE

Mean

SE

F

F

F

F

VerbalFluencyforLetters Baseline

41.4

(2.2)

41.3

(1.7)

37.0

(1.6)

38.2

(3.5)

1.4

2.0

0.04

1.8

0.9

Latest

45.3

(2.6)

45.6

(2.0)

40.2

(1.8)

37.5

(4.1)

2.3

Verbalcategoryfluency Baseline

18.2

(1.0)

16.1

(0.8)

14.9

(0.7)

18.0

(1.5)

3.1*

(1)*

3.0*

0.06

1.9

1.3

Latest

18.9

(0.9)

18.4

(1.9)

16.4

(1.7)

17.5

(3.5)

2.2

StroopTestSuppression Baseline

21.5

(1.0)

23.0

(0.8)

23.6

(0.7)

22.6

(1.6)

1.5

1.6

0.04

0.5

0.7

Latest

19.9

(0.9)

20.7

(0.7)

22.1

(0.7)

19.6

(1.5)

1.6

StroopSuppression-control Baseline

11.4

(0.9)

13.1

(0.8)

13.7

(0.7)

12.6

(1.5)

1.1

1.9

0.04

0.8

0.4

Latest

9.2

(0.8)

9.8

(0.7)

11.2

(0.6)

9.3

(1.4)

1.4

HSCTTimeSect.132 Baseline

5.6

(0.8) (1.4, 2.4)

5.3

(1.1) (1.5, 2.7)

5.3

(1-2) (1.4, 2.7)

5.5

(0.9) (1.1, 2.5)

1.0

1.5

0.03

0.7

0.4

Latest

6.2

(1.1) (0.5, 1.9)

5.9

(0.6) (0.7, 2.1)

6.0

(0.7) (1.0, 2.4)

5.5

(0.9) (0.9, 2.3)

2.4

HSCTTimeSect.2
26Meansadjustedfortimebetweenassessmentsandnumberofassessments;*p<0.05**p<0.006significantafterBonferronicorrection 27ResultsofUnivariateAnalysisofVarianceforfirstandforlatestassessments 28PartialEtaSquared(proportionoftheeffect+errorvarianceattributabletoeffect)29PlannedHelmertcontrasts:(1)C>HR;(2)HR->HR+&SCZ;(3)HR+>SCZ 30Effectafterco-varyingforNARTIQ 31Standarderror 32HSCTmeasureslogtransformedtoachieveanormaldistribution.Onlytwomeasuresweresuccessfullytransformedandthereforeincluded.Means,standarderrors,and 25thand75thpercentilespresentedforthesemeasures. 415



Baseline

6.0

(0.2) (2.0, 3.4)

5.7

(0.1) (2.9, 3.7)

5.5

(0.1) (2.3, 3.9)

5.5

(0.3) (2.6, 3.9)

1.3

2.5*

0.06

(1)*

2.1

0.5

Latest

6.2

(0.1) (1.6, 3.3)

6.1

(0.1) (1.8, 3.5)

5.8

(0.1) (1.6, 3.6)

5.7

(0.2) (2.2, 3.7)

2.61

416



Table2E:Comparisonofgeneralintellectualandperceptualmotorspeedperformanceovertime(baselinetolatestassessments)inhigh-riskparticipantswhohave(HR+), andhavenot(HR-)experiencedapsychoticsymptomovertime,thosewhohavesubsequentlydevelopedschizophrenia(Scz)andcontrols Task33

Controls

HR-

HR+

Scz

Group effectat firstand latest assessmen t34

Group contrasts forfirst andlatest assessmen
t4

Overall Group Effect

Effect Size35

Group Contrasts
36

Group effect(+ NART- IQ)37

GrpXTime Interactions

Mean

SE38

Mean

SE

Mean

SE

Mean

SE

F

F

F

F

SpottheWord Baseline

47.9

(0.8)

45.8

(0.7)

46.0

(0.6)

45.4

(1.5)

3.2*

(1)**

1.7

0.04

0.2

0.3

Latest

49.6

(0-9)

48.1

(0.7)

47.5

(0.7)

46.8

(1.7)

1.3

(1)'

Speedof Comprehension Baseline

69.0

(3.7)

62.2

(2.9)

62.7

(2.6)

66.0

(5.8)

1.0

1.1

0.02

1.3

0.4

Latest

75.1

(3.4)

68.3

(2.7)

67.8

(2.4)

67.0

(5.3)

1.2

WAIS-RBlockDesign Baseline

12.7

(0.5)

11.4

(0.4)

10.7

(0.4)

11.9

(0.9)

4.1**

(1)**

4.2**

0.08

(1)**

2.3

0.6

Latest

14.2

(0.6)

12.6

(0.5)

11.9

(0.4)

13.9

(0.9)

4.3**

(1)*(3)*

WAIS-RDigitSymbol Baseline

11.5

(0.5)

10.7

(0.4)

9.7

(0.4)

10.1

(0.8)

3.5**

(1)**(2)1
33**

0.07

(!)**

1.7

1.2

Latest

12.6

(0.5)

11.1

(0.4)

10.6

(0-4)

11.1

(0.9)

2.9*

(1)**

33Meansadjustedfortimebetweenassessmentsandnumberofassessments;*p<0.05**p<0.01significantafterBonferronicorrection,TTrendforsignificance 34ResultsofUnivariateAnalysisofVarianceforfirstandforlatestassessments 35PartialEtaSquared(proportionoftheeffect+errorvarianceattributabletoeffect) 36PlannedHelmertcontrasts:(1)C>HR;(2)HR->HR+&SCZ;(3)HR+>SCZ 37Effectafterco-varyingforNARTIQ 38Standarderror 417



Table2F:Comparisonofneuropsychologicalperformanceovertime(baselinetolatestassessments)ingroupsclassifiedaccordingtoqualitativegeneticliability Task39

2nd degree

1"& 2nd degree

X2Is' degree

Groupeffect
Effectsize40
GroupContrasts41
Groupeffect (+NART- IQ)42

GroupXTimeinteraction

Mean

SE43

Mean

SE

Mean

SE

F

F

RBMTImmediateStoryRecall Baseline

10.0

0.6

8.8

0.4

8.4

0.8

1.5

0.03

NS

1.0

0.3

Latest

8.9

0.6

8.1

0.4

8.1

0.8

RBMTDelayedStoryRecall Baseline

9.2

0.6

7.7

0.4

7.0

0.8

3.1*

0.06

(D*

2.6

0.5

Latest

8.1

0.6

6.9

0.4

6.9

0.8

RAVLTLongDelayRecall Baseline

11.3

0.6

10.6

0.4

10.0

1.0

0.6

0.02

NS

1.2

0.6

Latest

12.0

0.5

12.2

0.3

11.2

0.8

Verbalcategoryfluency Baseline

16.6

1.3

15.7

0.8

13.6

2.1

0.5

0.01

NS

0.6

0.8

Latest

18.1

1.2

16.8

0.8

17.1

2.0

HSCTTimeSect.2 Baseline

5.8

0.1

5.5

0.1

5.5

0.2

1.3

0.02

1.1

1.6

Latest

5.9

0.1

5.9

0.1

5.8

0.2

WAIS-RBlockDesign Baseline

12.0

0.5

10.4

0.3

11.6

0.7

4.7*

0.08

(D*

3.3*

0.5

Latest

13.6

0.5

11.6

0.4

12.7

0.8

WAIS-RDigitSymbol Baseline

10.4

0.4

10.0

0.3

10.0

0.7

1.0

0.02

NS

0.5

1.5

Latest

11.6

0.5

10.4

0.3

11.2

0.7

39Meansadjustedfortimebetweenassessmentsandnumberofassessments;*p<0.05,**p<0.007significantafterbonferronicorrection 40 PartialEtaSquared(proportionoftheeffect+errorvarianceattributabletoeffect) 41PlannedHelmertcontrasts:(1)C>HR;(2)HR->HR+&SCZ;(3)HR+>SCZ 42 Effectafterco-varyingforNARTIQ 43 Standarderror 418



Table2G:Resultsofregressionanalysisofquantitativegeneticliabilityandmeandifferenceinperformancebetweenfirstandlastneuropsychologicalassessments Task

Significanceofoverallmodel
Regressioncoefficientforgenetic liability

Regressioncoefficientfor psychopathology

R2

Geneticliability Correlationwithmeandifferencescore

F

P

t

P

t

P

r

P

RBMT immediaterecall
0.71

0.59

-0.84

0.400

1.10

0.29

0.026

-0.08

0.21

RBMTdelayed recall

0.99

0.41

-1.69

0.093

0.11

0.91

0.036

-0.15

0.055

RAVLT1-5

0.29

0.88

-0.11

0.91

-0.32

0.97

0.017

0.013

0.45

RAVLTlong delay

2.07

0.094

-0.92

0.36

-0.16

0.87

0.11

-0.10

0.19

VFanimals

1.30

0.27

-1.63

0.11

1.33

0.18

0.047

-0.16

0.043

HSCTtime section2

2.05

0.093

-0.89

0.37

0.35

0.73

0.039

-0.13

0.096

Blockdesign

0.71

0.59

0.44

0.66

-0.56

0.58

0.026

0.083

0.19

Digitsymbol

0.32

0.87

0.34

0.73

-1.00

0.32

0.012

0.043

0.33

Spottheword

1.4

0.24

-0.43

0.67

0.38

0.71

0.054

0.017

0.43

419



Table2H:NeuropsychologicalAssessmentsusedacrossphasesoftheEHRS(seeabbreviationsandacronyms) Domainsoffunction
BaselinePhase1

Phase1Round2

Phase1Round3

Phase2Round1

Phase2Round2

Phase2Round3

CurrentIQ

FullWAIS-R SCOLP

SCOLP

SCOLP

SCOLP

SCOLP

SCOLP

PremorbidIQ

NART SCHONELL

ExecutiveFunction

HSCT

HSCT

HSCT

HSCT

HSCT

HSCT

STROOP

STROOP

STROOP

STROOP

STROOP

STROOP

VF(FAS)&CAT

VF(FAS)&CAT

VF(FAS)&CAT

VF(FAS)&CAT

VF(FAS)&CAT

VF(FAS)&CAT

TrailsA&B

TrailsA&B

TrailsA&B

TrailsA&B

TrailsA&B

PerceptualMotorSpeed
WAIS-RDigit Symbol

WAIS-RDigitSymbol
WAIS-RDigitSymbol
WAIS-RDigitSymbol
WAIS-RDigitSymbol
WAIS-RDigitSymbol

MentalControl/Encoding
WAIS-RDigitSpan(FW &BW)

WAIS-RDigitSpan(FW &BW)

WAIS-RDigitSpan(FW &BW)

WAIS-RDigitSpan(FW
&BW)

WAIS-RDigitSpan(FW
&BW)

WAIS-RDigitSpan(FW
&BW)

WAIS-RArithmetic

SustainedAttention

CPT

CPT

CPT

Language

TokenTest WAIS-RVocabulary

Learning&Memory
RBMT

RBMT

RBMT

RBMT

RBMT

RBMT

RAVLT

RAVLT

RAVLT

CVLT

CVLT

WMS-RVisualReps
WMS-RVisualReps
WMS-RVisualReps
RCFT

RCFT

RCFT

CANTAB

CANTAB

CANTAB

Handedness

HandPreference

420



Table21:Levene'stestofhomogeneityofvarianceofgroups(C,HR-,HR+&Scz)forallexecutiveandintellectualfunctiontestmeasures Testmeasures

LeveneStatistic
dfl

d£2

Sig.

STROOPtimeinseconds;colourwordsinblackandwhite(Condition1)Phase1Rdl(MV=1)
.683

3

136

.564

STROOPblocksofcolour;timeinseconds(Condition2)Phase1Rdl(MV=1)
.487

3

136

.692

STROOPcolourwordsinincongruentink;timeinseconds(Condition3)Phase1Rdl(MV=1)
1.763

3

136

.157

Strooptimeforcondition1lastvisit

.519

3

135

.670

Strooptimeforcondition2lastvisit

.332

3

135

.802

STrooptimeforcondition3lastvisit

.239

3

135

.869

WAIS-Rblockdesignsubtest(scaledscores)Firstvisit

.888

3

144

.449

WAIS-Rblockdesign(Calc;standardisedscore;MV=99)Lastvisit

2.653

3

139

.051

WAIS-Rdigitsymbolsubtest(scaledscores)Firstvisit

.243

3

144

.866

421



WAIS-Rdigitsymbolsubstitution(Calc;standardisedscore;MV=99)Lastvisit SCOLPspotthewordrawscoreFirstvisit SCOLPspeedofcomprehensionrawscore-totalnoattemptedFirstvisit SCOLPspotthewordscore(MV=101)Lastvisit SCOLPspeedofcomprehensiontotalnoattempted(MV=101)Lastvisit HSCTTIMEA1-LNTRANSFORM HSCTTIMEA2-LNTRANSFORM HSCTTIMEB1-LNTRANSFORM HSCTTIMEB2-LNTRANSFORM NARTestimatedfullscaleIQ(usuallyPhase1;MV=1) FullscaleI.Q.(scaledscores)(MV=1) 422

.861 2.544 .788 2.173 .297 .686 .102 1.235 1.030 1.854 .158

142

.463

137

.059

137

.502

138

.094

143

.827

140

.562

119

.959

140

.299

139

.381

140

.140

143

.924

3 3 3 3 3 3 3 3 3 3 3



Table2J:Levene'stestofhomogeneityofvarianceofgroups(C,HR-,HR+&Scz)forallmemorytestmeasures Testmeasure

LeveneStatistic
dfl

dl2

Sig.

Firstravlt1-5

.216

3

137

.885

Firstravltinterference

.288

3

137

.834

Firstravltshortdelay

1.997

3

137

.117

Firstravltlongdelay

.444

3

137

.722

Lastravlt1-5

1.244

3

90

.299

Lastravltinterf

.912

3

91

.439

Lastravltshortdelay

.225

3

91

.878

Lastravltlongdelay

1.932

3

92

.130

RBMTimmediatestoryrecallfirstassessment

.314

3

135

.815

RBMTimmediatestoryrecalllastasessment

.672

3

135

.571

RBMTdelayedstoryrecallfirstassessment

.649

3

135

.585

RBMTdelayedstoryrecalllastassessment

1.023

3

135

.385

VFfirstassessment

1.231

3

142

.301

VFlastassessment

.317

3

141

.813

VFanimalsfirstassessment

.665

3

140

.575

VFanimalslastassessment

1.366

3

141

.256

423



Table2K:Testsofnormalityateachleveloftheindependentvariable(C,HR-,HR+&Scz)foreachexecutiveandintellectualtestmeasure Testmeasure

Psychoticgroupby PSEoverall

Kolmogorov-Smirnov(a)
Statistic

df

Sig.*

STROOPtimeinseconds;colourwordsinblackandwhite(Condition1)Phase1 Rdl(MV=1)

Cont HR-

.105 .127

21 33

.200 .191

HR+

.157

38

.019

Scz

.211

10

.200

STROOPblocksofcolour;timeinseconds(Condition2)Phase1Rdl(MV=1)
Cont

.135

21

.200

HR-

.089

33

.200

HR+

.111

38

.200

Scz

.247

10

.084

STROOPcolourwordsinincongruentink;timeinseconds(Condition3)Phase1 Rdl(MV=1)

Cont HR-

.157 .171

21 33

.192 .015

HR+

.097

38

.200

Scz

.252

10

.071

Strooptimeforcondition1lastvisit

Cont

.107

21

.200

HR-

.085

33

.200

HR+

.105

38

.200

Scz

.220

10

.185

Strooptimeforcondition2lastvisit

Cont

.107

21

.200

HR-

.105

33

.200

HR+

.076

38

.200

Scz

.241

10

.104

STrooptimeforcondition3lastvisit

Cont

.130

21

.200

424



HR- HR+ Scz

SCOLPspotthewordrawscoreFirstvisitCont
HR- HR+ Scz

SCOLPspeedofcomprehensionrawscore-totalnoattemptedFirstvisitCont
HR- HR+ Scz

SCOLPspotthewordscore(MV=101)LastvisitCont
HR- HR+ Scz

SCOLPspeedofcomprehensiontotalnoattempted(MV=101)LastvisitCont
HR- HR+ Scz

WAIS-Rblockdesignsubtest(scaledscores)FirstvisitCont
HR- HR+ Scz

WAIS-Rblockdesign(Calc;standardisedscore;MV=99)LastvisitCont
HR- HR+ Scz

WAIS-Rdigitsymbolsubtest(scaledscores)FirstvisitCont
HR- HR+

425

.107 .090 .180 .077 .112 .094 .232 .083 .095 .064 .218 .112 .107 .165 .148 .143 .072 .147 .176 .104 .153 .138 .187 .138 .166 .106 .313 .200 .124 .119

.200 .200 .200 .200 .200 .200 .137 .200 .200 .200 .196 .200 .200 .010 .200 .200 .200 .037 .200 .200 .049 .064 .200 .200 .022 .200 .006 .028 .200 .197

33 38 10 21 33 38 10 21 33 38 10 21 33 38 10 21 33 38 10 21 33 38 10 21 33 38 10 21 33 38



Scz

WAIS-Rdigitsymbolsubstitution(Calc;standardisedscore;MV=99)LastvisitCont
HR- HR+ Scz

HCST-Time(seconds)sectionAFirstvisit(New)Cont
HR- HR+ Scz

HCST-Time(seconds)sectionBFirstvisit(New)Cont
HR- HR+ Scz

HSCTtimeforsectionALastvisit(MV=200)Cont
HR- HR+ Scz

HSCTtimeforsectionBLastvisit(MV=200)Cont
HR- HR+ Scz

HSCTTIMEA1-LNTRANSFORMCont
HR- HR+ Scz

HSCTTIMEA2-LNTRANSFORMCont
HR- HR+ Scz

HSCTTIMEBI-LNTRANSFORMCont 426

.270 .176 .126 .187 .185 .236 .221 .233 .170 .169 .176 .153 .127 .245 .179 .185 .215 .210 .129 .214 .207 .166 .087 .090 .198 .141 .147 .128 .132 .160

.037 .090 .200 .002 .200 .000 .000 .000 .200 .029 .002 .004 .200 .000 .001 .000 .104 .002 .062 .000 .132 .134 .200 .200 .200 .200 .066 .116 .200 .167

10 21 33 38 10 30 44 52 13 30 44 52 13 30 44 52 13 30 44 52 13 21 33 38 10 21 33 38 10 21



HR-

.154

33

.045

HR+

.103

38

.200

Scz

.216

10

.200

HSCTTIMEB2-LNTRANSFORM

Cont

.133

21

.200

HR-

.135

33

.131

HR+

.082

38

.200

Scz

.176

10

.200

NARTpredictedfullscale1Q

Cont

.175

21

.093

HR-

.113

33

.200

HR+

.136

38

.074

Scz

.272

10

.035

WA1SactualfullscaleIQ

Cont

.145

21

.200

HR-

.100

33

.200

HR+

.202

38

.000

Scz

.155

10

.200

*Criticalvalueofpis<0.001 Table2L:Testsofnormalityateachleveloftheindependentvariable(C,HR-,HR+&Scz)foreachmemorytestmeasure
Testmeasure

PsychoticSympGrp

Kolmogorov-Smirnov
Statistic

df

Sig.*

VFfirstassessment

Control

.093

20

.200

HR-

.111

31

.200

HR+

.099

29

.200

SCZ

.185

9

.200

VFlastassessment

Control

.120

20

.200

HR-

.138

31

.139

HR+

.092

29

.200

SCZ

.153

9

.200

VFanimalsfirstassessment

Control

.161

20

.185

All



HR- HR+ SCZ

VFanimalslastassessmentControl
HR- HR+ SCZ

Firstravlt1-5Control
HR- HR+ SCZ

FirstravltinterferenceControl
HR- HR+ SCZ

FirstravltshortdelayControl
HR- HR+ SCZ

FirstravltlongdelayControl
HR- HR+ SCZ

lastravlt1-5Control
HR- HR+ SCZ

lastravltinterfControl
HR-

428

.110 .102 .131 .116 .113 .127 .181 .172 .171 .099 .205 .224 .249 .195 .260 .474 .130 .130 .201 .161 .175 .165 .136 .117 .125 .191 .194 .159 .153

.200 .200 .200 .200 .200 .200 .200 .122 .022 .200 .200 .010 .000 .006 .081 .000 .194 .200 .200 .187 .017 .042 .200 .200 .200 .008 .200 .200 .063

31 29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31



HR+ SCZ

lastravltshortdelayControl
HR- HR+ SCZ

lastravltlongdelayControl
HR- HR+ SCZ

RBMTimmediatestoryrecallfirstassessmentControl
HR- HR+ SCZ

RBMTimmediatestoryrecalllastasessmentControl
HR- HR+ SCZ

RBMTdelayedstoryrecallfirstassessmentControl
HR- HR+ SCZ

RBMTdelayedstoryrecalllastassessmentControl
HR- HR+ SCZ

*Criticalvalueofpis<0.001 429

.208 .189 .181 .117 .159 .199 .210 .185 .155 .223 .119 .073 .114 .170 .137 .096 .154 .180 .125 .094 .120 .099 .226 .159 .118 .163

.003 .200 .086 .200 .059 .200 .020 .008 .073 .200 .200 .200 .200 .200 .200 .200 .078 .200 .200 .200 .200 .200 .008 .045 .200 .200

29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31 29

9

20 31 29

9



Table2M:Levene'stestofhomogeneityofvarianceofgroups(nohistory,2nddegree,xlIs'degree,x21stdegree)forallexecutiveandintellectualfunctiontestmeasures Levene Statistic

dfl

d£2

Sig.*

HSCTTIMEAl-LNTRANSFORM

1.925

3

140

.128

HSCTTIMEA2-LNTRANSFORM

1.623

3

119

.188

HSCTTIMEBl-LNTRANSFORM

.567

3

140

.637

HSCTTIMEB2-LNTRANSFORM

1.122

3

139

.342

SCOLPspotthewordrawscoreFirstvisit

2.157

3

137

.096

SCOLPspotthewordscore(MV=101)Lastvisit

3.148

3

138

.027

SCOLPspeedofcomprehensionrawscore-totalnoattemptedFirstvisit
.566

3

137

.638

SCOLPspeedofcomprehensiontotalnoattempted(MV=101)Lastvisit
.507

3

143

.678

STROOPtimeinseconds;colourwordsinblackandwhite(Condition1)Phase1Rdl(MV=1)
.600

3

136

.616
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STROOPblocksofcolour;timeinseconds(Condition2)Phase1Rdl(MV=1) STROOPcolourwordsinincongruentink;timeinseconds(Condition3)Phase1Rdl(MV STROOPtimecondition3-timecondition1Phase1Rdl(MV=200) Strooptimeforcondition1lastvisit Strooptimeforcondition2lastvisit Strooptimeforcondition3lastvisit Stroopdifferencebetweentimesforconditions1and3lastvisit WAIS-Rblockdesignsubtest(scaledscores)Firstvisit WAIS-Rblockdesign(Calc;standardisedscore;MV=99)Lastvisit WAIS-Rdigitsymbolsubtest(scaledscores)Firstvisit 431

.688

3

136

.561

1.089

3

136

.356

1.511

3

136

.214

.326

3

135

.807

.652

3

135

.583

.270

3

135

.847

.183

3

135

.908

1.019

3

144

.386

.452

3

139

.716

.824

3

144

.483



WA1S-Rdigitsymbolsubstitution(Calc;standardisedscore;MV=99)Lastvisit
.284

3

142

.837

*Criticalvalueofpis<0.001 Table2N:Levene'stestofhomogeneityofvarianceofgroups(nohistory,2nddegree,xlIs'degree,x2Is'degree)formemorytestmeasures Levene Statistic

dfl

d£2

Sif?.*

VFfirstassessment

3.435

3

142

.019

VFlastassessment

2.785

3

141

.043

VFanimalsfirstassessment

1.356

3

140

.259

VFanimalslastassessment

.719

3

141

.542

Firstravlt1-5

.304

3

137

.823

Firstravltinterference

.654

3

137

.582

Firstravltshortdelay

1.992

3

137

.118

Firstravltlongdelay

.698

3

137

.555

lastravlt1-5

1.023

3

90

.386

lastravltinterf

.605

3

91

.613

lastravltshortdelay

.298

3

91

.827

lastravltlongdelay

.045

3

92

.987

RBMTimmediatestoryrecallfirstassessment

.351

3

135

.788

RBMTimmediatestoryrecalllastasessment

1.479

3

135

.223

RBMTdelayedstoryrecallfirstassessment

.516

3

135

.672
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RBMTdelayedstoryrecalllastassessmentj
1117

3

135

.345

*Criticalvalueofpis<0.001 Table20:Testsofnormalityateachleveloftheindependentvariable(nohistory,2nddegree,xl1stdegree,x2T'degree)foreachexecutiveandintellectualfunction measure

Newfamilyhistory

Kolmogorov-Smirnov
Statistic

df

Sig.*

HSCTtimeforsectionALastvisit(MV=200)
nofamilyhistory

.240

21

.003

2nddegreerelative/s

.215

25

.004

x11stdegreerelative

.157

40

.015

x21stdegreerelatives

.229

16

.024

HSCTtimeforsectionBLastvisit(MV=200)

nofamilyhistory

.185

21

.058

2nddegreerelative/s

.232

25

.001

x11stdegreerelative

.160

40

.011

x21stdegreerelatives

.167

16

.200

HSCTnumberoftypeAerrorsLastvisit(MV=200)
nofamilyhistory

.539

21

.000

2nddegreerelative/s

.364

25

.000

x11stdegreerelative

.315

40

.000

x21stdegreerelatives

.429

16

.000

HSCTnumberoftypeBerrorsLastvisit(MV=200)
nofamilyhistory

.395

21

.000

2nddegreerelative/s

.289

25

.000

x11stdegreerelative

.338

40

.000

x21stdegreerelatives

.281

16

.001

HCST-Time(seconds)sectionAFirstvisit(New)
nofamilyhistory

.233

21

.004
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HCST-Time(seconds)sectionBFirstvisit(New) HSCT-NumberofcategoryAerrorsFirstvisit(new) HSCT-NumberofcategoryBerrorsFirstvisit(new) HSCTTIMEA1-LNTRANSFORM HSCTTIMEA2-LNTRANSFORM HSCTTIMEBl-LNTRANSFORM HSCTTIMEB2-LNTRANSFORM

2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s xI1stdegreerelative x2Istdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative

434

.255

25

.000

.291

40

.000

.143

16

.200

.212

21

.015

.188

25

.022

.136

40

.062

.196

16

.103

.357

21

.000

.478

25

.000

.229

40

.000

.280

16

.002

.272

21

.000

.202

25

.010

.216

40

.000

.160

16

.200

.166

21

.134

.104

25

.200

.104

40

.200

.088

16

.200

.141

21

.200

.108

25

.200

.127

40

.106

.161

16

.200

.160

21

.167

.133

25

.200

.109

40

.200

.133

16

.200

.133

21

.200

.105

25

.200

.118

40

.168



WAIS-Rblockdesignsubtest(scaledscores)Firstvisit WAIS-Rblockdesign(Calc;standardisedscore;MV=99)Lastvisit WAIS-Rdigitsymbolsubtest(scaledscores)Firstvisit WAIS-Rdigitsymbolsubstitution(Calc;standardisedscore;MV=99)Last visit SCOLPspotthewordrawscoreFirstvisit SCOLPspotthewordscore(MV=101)Lastvisit SCOLPspeedofcomprehensionrawscore-totalnoattemptedFirstvisit SCOLPspeedofcomprehensiontotalnoattempted(MV=101)Lastvisit
x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory

435

.122

16

.200

.104

21

.200

.125

25

.200

.100

40

.200

.172

16

.200

.138

21

.200

.167

25

.069

.104

40

.200

.227

16

.027

.200

21

.028

.115

25

.200

.102

40

.200

.177

16

.191

.176

21

.090

.163

25

.086

.146

40

.031

.121

16

.200

.077

21

.200

.099

25

.200

.071

40

.200

.136

16

.200

.112

21

.200

.199

25

.012

.073

40

.200

.142

16

.200

.083

21

.200

.135

25

.200

.089

40

.200

.174

16

.200

.143

21

.200



STROOPtimeinseconds;colourwordsinblackandwhite(Condition1) Phase1Rdl(MV=1) STROOPblocksofcolour;timeinseconds(Condition2)Phase1Rdl(MV =D STROOPcolourwordsinincongruentink;timeinseconds(Condition3) Phase1Rdl(MV=1) Strooptimeforcondition1lastvisit Strooptimeforcondition2lastvisit STrooptimeforcondition3lastvisit STroopdifferencebetweentimesforconditions1and3lastvisit
2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s x11stdegreerelative x21stdegreerelatives nofamilyhistory 2nddegreerelative/s

436

.136

25

.200

.117

40

.180

.143

16

.200

.105

21

.200

.110

25

.200

.194

40

.001

.146

16

.200

.135

21

.200

.139

25

.200

.054

40

.200

.156

16

.200

.157

21

.192

.171

25

.058

.126

40

.108

.206

16

.068

.107

21

.200

.131

25

.200

.081

40

.200

.083

16

.200

.107

21

.200

.087

25

.200

.066

40

.200

.112

16

.200

.130

21

.200

.139

25

.200

.087

40

.200

.107

16

.200

.187

21

.053

.109

25

.200



x11stdegreerelative

.103

40

.200

x21stdegreerelatives

.107

16

.200

*Criticalvalueofpis<0.001 Table2P:Testsofnormalityateachleveloftheindependentvariable(nohistory,2nddegree,xlIs'degree,x2Is'degree)foreachmemorytestmeasure Qualitativegenetic liability

Kolmogorov-Smirnov
Statistic

df

Sig.*

VFfirstassessment

nofamilyhistory

.093

20

.200

2nddegreerel/s

.140

17

.200

xl1stdegreerel

.101

45

.200

x21stdegreerels

.209

7

.200

VFlastassessment

nofamilyhistory

.120

20

.200

2nddegreerel/s

.134

17

.200

xl1stdegreerel

.100

45

.200

x21stdegreerels

.161

7

.200

VFanimalsfirstassessment

nofamilyhistory

.161

20

.185

2nddegreerel/s

.137

17

.200

xl1stdegreerel

.100

45

.200

x21stdegreerels

.177

7

.200

VFanimalslastassessment

nofamilyhistory

.116

20

.200

2nddegreerel/s

.138

17

.200

xl1stdegreerel

.109

45

.200

x21stdegreerels

.225

7

.200

Firstravlt1-5

nofamilyhistory

.172

20

.122

2nddegreerel/s

.143

17

.200

xl1stdegreerel

.145

45

.018

437



Firstravltinterference Firstravltshortdelay Firstravltlongdelay lastravlt1-5 lastravltinterf lastravltshortdelay lastravltlongdelay RBMTimmediatestoryrecallfirstassessment

x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory 2nddegreerel/s xl1stdegreerel x21stdegreerels nofamilyhistory

438

.245

7

.200

.224

20

.010

.202

17

.064

.133

45

.045

.246

7

.200

.474

20

.000

.139

17

.200

.125

45

.076

.278

7

.111

.161

20

.187

.139

17

.200

.133

45

.044

.301

7

.055

.117

20

.200

.160

17

.200

.133

45

.045

.157

7

.200

.159

20

.200

.160

17

.200

.117

45

.140

.205

7

.200

.181

20

.086

.166

17

.200

.150

45

.013

.191

7

.200

.210

20

.020

.216

17

.034

.166

45

.003

.279

7

.107

.119

20

.200



2nddegreerel/s xl1stdegreerel x21stdegreerels

RBMTimmediatestoryrecalllastasessmentnofamilyhistory
2nddegreerel/s xl1stdegreerel x21stdegreerels

RBMTdelayedstoryrecallfirstassessmentnofamilyhistory
2nddegreerel/s xl1stdegreerel x21stdegreerels

RBMTdelayedstoryrecalllastassessmentnofamilyhistory
2nddegreerel/s xl1stdegreerel X21stdegreerels

*Criticalvalueofpis<0.001 439

.135

17

.200

.101

45

.200

.134

7

.200

.137

20

.200

.109

17

.200

.118

45

.136

.138

7

.200

.125

20

.200

.114

17

.200

.085

45

.200

.226

7

.200

.226

20

.008

.136

17

.200

.104

45

.200

.155

7

.200



Figure 2A: Informed consentform

Consent form for subjects

THE EDINBURGH HIGH RISK STUDY

I agree/do nol agree (please circle as appropriate) to participate in this study.

I have read the consent form and participant information sheet and had the opportunity to ask
questions about them.

I agree to the provision of any clinically significant information to my General Practitioner.

I understand that I am under no obligation to take part in this study.

I understand that I have the right to withdraw from this study at any stage.

1 understand that this is non-therapeutic research from which I cannot expect to derive any
benefit.

Signature of Participant Dale of Birth

Please print name Address: Street name

Town/City

Post Code

Signature of Investigator

GP Name and address:

Date

Three copies to be made: one each for investigator, participant and any relevant general
practice/hospital case notes.
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APPENDIX3:Tablesandfigurestoaccompanychapter4 Table3A:TestsofhomogeneityofvarianceforeachmeasureoftheCVLTandRCFT Table3B:TestsofnormalityateachleveloftheindependentvariableforeachmeasureoftheCVLTandRCFT Table3C:Means,standarddeviationsandresultsofunivariateanalysesforCVLTmeasuresofverbalmemoryinhighriskparticipantswith(HR+)andwithoutpsychotic symptoms(HR-)atthetimeofthefirstfMRIscanandcontrols(C) Table3D:Means,standarddeviationsandresultsofunivariateanalysesforRCFTmeasuresofnon-verbalmemoryinhighriskparticipantswith(HR+)andwithout psychoticsymptoms(FIR-)atthetimeofthefirstfMRIscanandcontrols(C) 441



Table3A:TestsofnormalityateachleveloftheindependentvariableforeachmeasureoftheCVLTandRCFT CVLTMEASURE

C

HR-

HR+

Kolmogorov- Smirnovstatistic(df)
P

Kolmogorov- Smirnovstatistic(dfi
P

Kolmogorov- Smirnovstatistic(dj)
P

IMMED1ATERECALL ListATrial1

0.20(19)

0.01

0.30(35)

0.07

0.18(23)

0.02

ListATrialsl-5total

0.11(19)

0.20

0.80(35)

0.20

0.12(23)

0.20

ListALearningslope1-5

0.10(19)

0.20

0.16(35)

0.20

0.17(23)

0.09

ListBImmediaterecall

0.16(19)

0.20

0.13(35)

0.10

0.25(23)

0.01

ListBTrial1-ListAtrial1

0.21(19)

0.03

0.22(35)

0.001

0.11(23)

0.20

DELAYEDRECALL ListAShort-delayfreerecall

0.11(19),0.20

0.20

0.15(35)

0.04

0.14(23)

0.20

ListAShort-delaycuedrecall

0.19(19)

0.06

0.18(35)

0.007

0.21(23)

0.01

ListALong-delayfreerecall

0.19(19)

0.20

0.17(35)

0.002

0.21(23)

0.03

ListALong-delaycuedrecall

0.18(19)

0.11

0.14(35)

0.06

0.15(23)

0.18

RETENTION ListAShortdelayfreerecall-trial5recall
0.14(23)

0.20

0.15(38)

0.05

0.20(36)

0.01

ListALongdelayfreerecall-trial5recall
0.15(23)

0.20

0.23(38)

0.001

0.12(36)

0.20

ListALongdelayfreerecall-short-delayrecall
0.19(23)

0.05

0.14(38)

0.08

0.19(36)

0.03

442



CVLTMEASURE

C

HR-

HR+

Kolmogorov- Smirnovstatistic(dj)
P

Kolmogorov- Smirnovstatistic(dj)
P

Kolmogorov- Smirnovstatistic(df)
P

RECOGNITION Recognitionhits

0.26(19)

0.01

0.28(35)

<0.001

0.25(23)

0.01

Recognitionmisses

0.25(19)

<0.001

0.29(35)

<0.001

0.27(23)

<0.001

Recognitionfalsepositives

0.40(19)

<0.001

0.32(35)

<0.001

0.34(23)

<0.001

Responsebias

0.38(19)

<0.001

0.36(35)

<0.001

0.39(23)

<0.001

TotalRecognitiondiscriminability

0.24(19)

0.006

0.30(35)

<0.001

0.29(23)

<0.001

ORGANISATION Totalobservedsemanticclustering

0.22(19)

0.02

0.16(35)

0.02

0.08(23)

0.20

Totalchanceadjustedsemanticclustering
0.21(19)

0.02

0.18(35)

0.04

0.10(23)

0.20

Totalserialclusteringforwards

0.17(19)

0.12

0.18(35)

0.004

0.28(23)

<0.001

Totalserialclusteringbackwards

0.13(19)

0.20

0.23(35)

0.001

0.15(23)

0.14

Combinedtotalchanceadjustedserialclustering
0.08(19)

0.20

0.12(35)

0.20

0.17(23)

0.90

RCFTMEASURES Copytrial

0.27(23)

<0.001

0.24(44)

0.004

0.20(29)

<0.001

Copytime(seconds)

0.25(23)

0.001

0.22(44)

<0.001

0.15(29)

0.08

Immediaterecall

0.20(23)

0.02

0.11(44)

0.20

0.09(29)

0.20

Delayedrecall

0.16(23)

0.11

0.15(44)

0.02

0.11(29)

0.20
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CVLTMEASURE

C

HR-

HR+

Kolmogorov- Smirnovstatistic(df)
P

Kolmogorov- Smirnovstatistic(df)
P

Kolmogorov- Smirnovstatistic(df)
P

Totalcorrectrecognition

0.26(23)

<0.001

0.17(44)

0.002

0.14(29)

0.15

Truepositives

0.22(23)

0.006

0.19(44)

<0.001

0.14(29)

0.12

Truenegatives

0.45(23)

<0.001

0.36(44)

<0.001

0.46(29)

<0.001

Falsepositives

0.45(23)

<0.001

0.36(44)

<0.001

0.46(29)

<0.001

Falsenegatives

0.22(23)

0.006

0.19(44)

<0.001

0.14(29)

0.12

Table3B:TestsofhomogeneityofvarianceforeachmeasureoftheCVLTandRCFT TESTMEASURE

LEVENESTATISTIC
dfl

d£2

SIG.

Totalobservedsemanticclusters(trials1-5)MAX=12X5=60
3.719

2

78

.029

Totalchanceadjustedsemanticclustering(alltrialschanceadjtog)/(no.trials withatleast2correctwordsrecalled)

3.656

2

78

.030

VERBALLEARNING:Totalrecalltrials1-5

1.034

2

86

.360

TESTMEASURE

LEVENESTATISTIC
dfl

df2

SIG.
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TOTALOBSERVEDSERIALCLUSTERINGFW TOTALOBSERVEDSERIALCLUSTERINGBW TOTALOBSERVEDSERIALCLUSTERINGFW&BWcombined CAVLTListBtrial1:interferencetrial(MV=99)Phase2Rdl CAVLTshortdelaylistA:immediaterecalltimeVI(MV=99)Phase2Rdl CAVLTlongdelayrecallscore(MV=99)Phase2Rdl CAVLTimmediatecuedrecall(MV=99)Phase2Rdl CAVLTlongdelaycuedrecall(MV=99)Phase2Rdl CAVLTrecognitionhits(MV=99)Phase2Rdl CAVLTrecognitionmisses(Calc)(MV=99)Phase2Rdl TESTMEASURE
445

1.832 2.477 .381 .020 1.231 .330 .327 .438 1.450 1.450

LEVENESTATISTIC

.167 .091 .684 .980 .297 .720 .722 .647 .240 .240

SIG.



CAVLTrecognitionfalsepositives(MV=99)Phase2Rdl CAVLTdiscriminability(MV=101)Phase2Rdl CAVLTSTORAGEINDEX(longdelayedrecall-shortdelayrecall) CAVLTSTORAGEINDEX2(shortdelayrecall-triabrecall) CAVLTSTORAGEINDEX2(longdelayrecall-triabrecall) CVLTListBvsListAtrial1contrastmeasure-%changesrawscore:(#CList Btrial-#CListAtrial1/#CListAtrial1)X100 learningslopel-5trials(Exy-((Ex)(Ey)/n)/Ex2-(EX)2/n)=fl/10 Reycopytrialscore(MV=99)Phase2Rdl Reycopytrialtime(Phase2round1) Reyimmediaterecalltrial(Phase2round1) ReyimmediaterecallstandardisedscoreT(Phase2round1)
reydelayedrecalltrial(Phase2round1)

.185 .045 .120 .481 .089 .571 1.357 1.155 .307 2.454 4.158 3.460

446

85 85 85 86 85 86 95 97 95 95 94

.832 .956 .887 .620 .915 .567 .263 .319 .736 .091 .019 .035



reydelayedrecallstandardisedTscore(Phase2round1)

5.551

2

94

.005

reynumbertruepositives(Phase2round1)

.650

2

93

.525

reynumberfalsepositives(Phase2round1)

2.068

2

93

.132

reynumbertruenegatives(Phase2round1)

2.068

2

93

.132

reyfh

.650

2

93

.525

reytotalscore(Phase2round1)

.088

2

93

.916
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Table3C:Means,standarddeviationsandresultsofunivariateanalysesforCVLTmeasuresofverbalmemoryinhighriskparticipantswith(HR+)andwithoutpsychotic symptoms(HR-)atthetimeofthefirstfMRlscanandcontrols(C) CVLTMEASURE

CMEAN(SD)
HR-MEAN(SD)
HR+MEAN(SD)
BETWEEN GRPEFFECT (ANOVA)

SIGNIFICANCE"
BETWEEN GRPEFFECT (KRUSKAL-WALLIS)

SIGNIFICANCE15

IMMEDIATERECALL

F

P

x2

P

ListATrial1

6.86(1.0)

6.64(2.1)

6.96(1.8)

0.3

0.7

1.1

0.6

ListATrials1-5total

55.91(8.1)

53.46(9.6)

54.15(8.1)

0.6

0.6

ListALearningslope1-5

1.54(0.6)

1.54(0.5)

1.46(0.4)

0.2

0.8

ListBImmediaterecall

7.57(1.9)

6.13(2.1)

5.96(2.3)

4.3

0.02'

ListBTrial1-ListAtrial1(zscores)
0.47(0.8)

-0.06(1.07)

-0.31(1.1)

3.6

0.031

DELAYEDRECALL ListAShort-delayfreerecall

11.52(2.7)

11.59(2.5)

11.33(2.0)

0.09

0.9

ListAShort-delaycuedrecall

12.86(2.1)

12.18(2.3)

11.88(2.1)

1.2

0.3

2.9

0.2

ListALong-delayfreerecall

12.83(2.4)

11.82(2.6)

11.65(2.2)

1.7

0.2

5.0

0.08

ListALong-delaycuedrecall

13.57(2.1)

12.41(2.4)

12.00(2.2)

3.2

0.051

RETENTION ListAShortdelayfreerecall-trial5recall(zscores)
-0.09(0.8)

0.09(0.6)

-0.12(0.6)

0.9

0.4

1.6

0.4

44*=SignificantafterBonferronicorrection;T=trendforsignificanceafterBonferronicorrection 45*=SignificantafterBonferronicorrection;T=trendforsignificanceafterBonferronicorrection 448



CVLTMEASURE

CMEAN(SD)
HR-MEAN(SD)
HR+MEAN(SD)
BETWEEN GRPEFFECT (ANOVA)

SIGNIFICANCE44
BETWEEN GRPEFFECT (KRUSKAL-WALLIS)

SIGNIFICANCE"

ListALongdelayfreerecall-trial5recall(zscores)
0.2(0.8)

-0.02(0.7)

-0.2(0.7)

2.5

0.08

5.8

0.06

ListALongdelayfreerecall-short-delayrecall(z scores)

0.34(0.6)

-0.11(0.6)

-0.13(0.6)

4.4

0.01*

RECOGNITION Recognitionhits

15.17(0.9)

14.89(1.5)

15.04(1.0)

0.4

0.7

0.1

0.9

Recognitionmisses

0.83(0.98)

1.11(1.5)

0.96(1.0)

0.4

0.7

0.1

0.9

Recognitionfalsepositives

0.74(1.6)

0.87(1.8)

0.96(1.8)

0.09

0.9

0.5

0.8

Responsebias

0.01(0.2)

-0.03(0.2)

-0.001(0.2)

0.2

0.8

0.4

0.8

TotalRecognitiondiscriminability

96 .44(4.8)

95.5(6.5)

95.6(4.8)

0.2

0.8

0.7

0.7

ORGANISATION Totalobservedsemanticclustering

18.6(11.5)

14.5(8.9)

13.3(5.9)

2.1

0.1

2.5

0.3

Totalchanceadjustedsemanticclustering
1.46(1.7)

0.77(1.3)

0.86(0.9)

1.6

0.2

Totalserialclusteringforwards

5.5(3.6)

6.1(6.0)

6.6(5.2)

0.2

0.8

0.8

0.7

Totalserialclusteringbackwards

3.9(2.60

4.1(3.9)

4.1(2.2)

0.01

0.9

Combinedtotalchanceadjustedserialclustering
3.2(3.8)

4.3(6.7)

4.5(5.4)

0.3

0.7
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Table3D:Means,standarddeviationsandresultsofunivariateanalysesforRCFTmeasuresofnon-verbalmemoryinhighriskparticipantswith(HR+)andwithout psychoticsymptoms(HR-)atthetimeofthefirstJMRIscanandcontrols(C) RCFTMEASURE

C

HR-

HR+

BETWEEN GRPEFFECT (ANOVA)

SIGNIFICANCE46
BETWEEN GRP EFFECT (KRUSKAL- WALLIS)

SIGNIFICANCE"

Mean(SD)

Mean(SD)

Mean(SD)

F

P

x2

P

Copytrial

34.2(1.7)

33.4(3.5)

33.1(2.6)

0.9

0.4

1.0

0.60

Copytime(seconds)
159.0(114.2)
170.0(110.5)
161.7(75.0)
0.1

1.0

Immediaterecall

24.4(5.3)

21.3(6.7)

20.9(7.0)

2.3

0.1

Delayedrecall

23.7(5.1)

20.6(7.1)

20.2(5.9)

2.3

0.1

1.0

0.60

Totalcorrectrecognition
21.9(1.7)

20.8(1.7)

20.2(1.7)

5.2

0.007*

11.2

0.004*

RECOGNITION RESPONSES Truepositives

10.2(1.3)

9.4(1.7)

8.8(1.6)

5.4

0.006*

10.7

0.005*

Truenegatives

11.7(0.7)

11.4(0.9)

11.6(0.9)

1.2

0.3

3.4

0.20

Falsepositives

0.3(0.7)

0.6(0.9)

0.4(0.8)

1.2

0.3

3.4

0.20

Falsenegatives

1.8(1.3)

2.5(1.7)

3.2(1.6)

5.4

0.006*

10.7

0.005*

46*=SignificantafterBonferronicorrection;T=trendforsignificanceafterBonferronicorrection 47*=SignificantafterBonferronicorrection;T=trendforsignificanceafterBonferronicorrection 450
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Table4A:StructuralMR1inrelativesofschizophrenicpatients Study

Sample48

Gender(age)

MR1 Magnetandslicesthickness49

Brainregionsinvestigated
Findings

Cannonetal(1998)

63SCZ+12SCZaff 60Is'degreeRELS 56C

40M:35F(40) 27M:33F(40) 25M:3IF(40)

1T 5mmcontiguousslices

Corticalgrayandwhitematter Sulcalandventricular cerebro-spinalfluid(CSF)
Fetalhypoxiacorrelateswith increasedventriclevolumein SCZandwithmainly temporallobegraymatter reductionandCSFincrease bilaterallyinSCZandRELS.

Cannonetal(2002)50

64SCZ 51Is'degreeRELS 54C

32M:32F(40) 22M:29F(40) 23M:32F(40)

1.5T 5mmcontiguousslices

CorticalgraymatterandCSF
Temporalgraymatterlossin SCZ&RELSpredictedby fetalhypoxia Sulcalenlargementand increasedCSFisassociated withhypoxiainSCZ. Fetalhypoxiaandsulcal enlargementinRELSonly.

Chuaetal(2000)

27SCZ 531stdegreeRELS 35C

17M:10F 26M:27F 20M:15F

1.5T 3mmcontiguousslices

Corpuscallosum

Nodifferencesbetween groups

Harrisetal(2002)

6SCZ 6+vehistoryparents 6 -vehistoryparents 6C

5M:IF(38) 4M:2F(69) 2M:4F(69) 5M:IF(38)

1.5T 1.5/1.7mmcontiguousslices

Wholebrain Hippocampus

+veparentslarger hippocampusvolumethan SCZ.Compensatory mechanism?

Keshavanetal(1997&2000)
17Is'degreeRELS 22C

8M:9F(13-22) 11M:1IF(9-22)

1.5T 5mmcontiguousslices

Amygdala-hippocampal comples&Dorsolateral Preforntalcortex

Reducedamygdala- hipocampusvolumeand increasedleftasymmetryof anterioramygdala hippocampus(seealso Schreiberetal(1999)

Lawrieetal(1999)

20Is'episodeSCZ 100Is'and2nddegreeRELS (High-risk) 30C

15M:5F 54M:46F 15M:15F

IT 5mmcontiguousslices

Wholebrain Prefrontallobes Temporallobes Amygdala-hippocampal complex Caudatenuclei

HRsmalleramygdala- hippocampalcomplexand thalamusrelativetoC

48C=controls;DZ=dizygotic;HR=high-risk;MZ=monozygotic;RELS=unaffectedrelatives;SCZ=schizophrenicpatients;SCZaff=schizoaffectivedisorder 49T=tesla 50Cannonetal(2002)usedsamesampleasusedpreviouslybysameauthorsin1998andVanErpetal(2002) 452



Study

Sample48

Gender(age)

MR1 Magnetandslicesthickness49

Brainregionsinvestigated
Findings

Lentiformandthalamicnuclei Lateral,thirdandfourth ventricles

Lawrieetal(2002)

66Is'&TAdegreeRELS(High- Risk)
20C

34M:32F(23.1) 13M:7F(22.9)

IT 1.88mmcontiguousslices

Temporallobes

Scannedatbaselineandat2- yearfollowup.Nochange overtimeinHRtemporal lobeoramygdala- hippocampalgyrus(although atbaselineinlatterregion wasreducedinRELS). Reducedrighttemporallobe
in19RELS(12hadatfirst assessment)withpsychotic symptoms

Marcelisetal(2003)

31SCZ 32Is'degreeRELS 27C

15M:16F(18-55) 14M:18F(18-55) 14M:13F

1.5T 3mmslices

Wholebrain

Voxelbasedmorphometry- reducedcerebellumand fiisiformgyrus,and Increasedsuperiortemporal gyrusinRELS.SCZgreater pallidumandputamandless frontal(superiorand inferior),fronto-limbic,and cingulatedthanRELS.

Narretal(2002)

20MZdiscordanttwins 20DZdiscordanttwins 20CMZtwins 20CDZtwins

10M:1OF(48.3) 10M:1OF(49) 10M:1OF(48.3) 10M:1OF(47.9)

IT 1.2mmcontiguousslices

Lateralandthirdventricles Corpuscallosum

AffectedandunaffectedMZ hadupwardbowing (displacement)ofcorpus callosum,associatedwith ventriclevolume

O'Driscolletal(2001)

201stdegreeRELS 14C

9M:1IF(35.4) 5M:9F(36.2)

1.5T 1mmcontiguousslices

Posteriorhippocampus Amygdala-anterior hippocampus

Verbalmemoryand amygdala-anterior hippocampuscorrelated. Reducedamygdala- hippocampusvolumeand delayedverbalmemoryin RELS.

Schreiber(1999)

151stdegreeRELS 15C

(11.7-18.9) (11.5-19.1)

1.5T 5mmcontiguousslices

Corpuscallosum,frontal lobes,amygdala- hippocampus,lateralandthird ventricles

Reducedrightamygdala- hippocampusandincreased leftasymmetryofanterior amygdala-hippocmapusin
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Study

Sample48

Gender(age)

MRI Magnetandslicesthickness49

Brainregionsinvestigated
Findings RELS

Seidmanetal(2002)

18SCZ 28Is'degreesimplex51RELS 17Is'degreemultiplexRELS 48C

10M:8F(43.2) 17M:28F(44.6) 27M:2IF(40.1)

1.5T 3mmcontiguousslices

Totalcerebrumand hippocampus

Positivecorrelationbetween verbalmemoryandleft hippocampusvolume. Smallerlefthippocampiin multiplexRELS,butno differencesbetweenSCZand RELS.Vulnerabilityto SCZ?

Seidmanetal(2003)

40simplexSCZ 48multiplexSCZ 281"degreesimplexRELS 171s1degreemultiplexRELS 48C

27M:13F(44.9) 32M:16F(44.3) 17M:28F(44.6) 27M:21F(40.1)

1.5T 3mmcontiguousslices

Totalcerebrumandanterior andposterior parahippocampalgyrus (PHGaandPHGp)

Nodifferenceintotal cerebrumvolumebetween groups.SCZandmultiplex RELSsmallerleftPHGa thanC.RELS&SCZ smallerrightPHGathanC. RELsgreaterleftandright PHGpthanC.No correlationbetweenvolumes andverbalmemory-although PHGamoderatecorrelation withmemoryinmultiplex RELS

Sharma(1998)&(1999)
29SCZ 551stdegreeRELS 39C

18M:1IF 24M:3IF 20M:19F

1.5T 1.5mmcontiguousslices

(1998)-Wholebrain,cortical graymatter,temporallobe, lateralventricles,cerebellum (1999)-cerebralasymmmetry
Greaterventriclevolumein SCZthanRELSorC. Reducedwholebrainand cerebelluminSCZthan RELSorC.SCZand obligatesabnormal asymmetryinPFC, sensorimotor&occiptio- parietal.Non-obligatesalso lacksymmetryinoccipito¬ parietal.

Shulzeetal(2003)

35multiplexSCZ 31nonpsychosisfamilySCZ 63Is'degreeRELS 68C

17-70yearsold

1.5T 1.5mmcontiguousslices

Hippocampus

Smallerlefthippocampusin SCZ,butnotsignificantin RELS,toC

Staaletal(1998)&(2000)
321stdegreeRELS(discordant
24M:8F

1.5T

(1998)-Thalamus,totalbrain.
Lowerthalamicvolumein

51Simplexisafamilywithonlyonememberaffectedbyschizophrenia,multiplexisafamilywithmorethanoneaffectedmember 454



Study

Sample48

Gender(age)

MRI Magnetandslicesthickness4'

Brainregionsinvestigated
Findings

siblings) 32C

24M:8F

2mmslices

intracranium (2000)-lateralandthird ventricles,frontallobe, caudatenucleus,amygdala- hippocampus, parahippocampalgyrus, cerebellum

SCZthanRELSorC,and lowerinRELSthanC.

Steele(2002)

6SCZ 6obligatecarrier1adegreeRELS 6non-carrier1stdegreeRELS
2M:4F(46.2) 2M:4F(49) 3M:3F(45.2) 3M:3F

lT/or1.5T 1.5mmslices

Wholebrain,third,fourthand lateralventricles,prefrontal andtemporallobes,caudate nuclei,lentiform,thalamus, amygdala-hippocampal complex

Greaterwholebrainandgray matterlossinRELSthan SCZ,butsmallerventricles andsmalleramygdala- hippocampusincarriersand SCZthannon-carriers

Tepestetal(2002)

12SCZ(noaffectedRELS) 13SCZIs'degreeRELS 12unaffectedIs"degreeRELS 10C

SM:4F (29.8) 6M:7F (30.5) 7M:6F (31.1) 5M:5F (24.4)

1.5T

Hippocampus

RELSsignificantlysmaller hippocampithanC(smaller stillinmultiplyaffected familySCZ)

Toulopoulouetal(2004)
51SCZ&5SCZaff 90Is'degreeRELS

39M:17F 27M:28F

1.5T 1.55mmslices

Wholebrain,prefontallobes, lateralandthirdventricles, temporallobes,hippocampus, cerebellum

SCZenlargedthirdventricle, reducedlefttemporallobe andhippocampi.

VanErpetal(2002)"

60SCZ&12SCZaff 581stdegreeRELS 53C

39M:33F(40) 25M:33F(40) 24M:29F(40)

1.5T 1.3mmslices

Hippocampus

RELSlessbilateral hippocampusthanC.SCZ lessthanRELSandC.Fetal hypoxiacorrelateswith reducedhippocampusin SCZonly.

52SamesampleasinCannon(2002)and(1998) 455



Study

Sample53

Gender (age)

Task

Imaging technique

Activations54

Behaviouralperformance

bilateralinsula,bilateraloccipital SCZ>CBilateralAPFC(BA10)&LBA6
Wordsfamiliarduetoperformingtask beforescanning.

(Jenningsetal 1998)

8SCZ(med) 8C

M(37) M(37)

Shallow&deep encoding
(Tjunctioncount& semanticdecisionliving vs.nonliving)

PET l50H20 (rCBF)

Duringsemanticprocessing: Bothgroups SCZ&C>LIFG(BA45) BA9,BA6,STG(BA22),BA47,BA40/43,bilateralAC(BA32) SCZ&C<LBA25,BA8/6RBA37,BA39,BA40,BA21, BA24,BilateralBA18,19 Withingroups SCZ(oppositepatterntocontrols)> LBA10,RBA21,BA43 SCZ<LBA18&19,Thalamus,Rsuperiorparietal(BA7), BA10,BA22,BA19 PathAnalysis: LBA45(IFG),BA32(DorsalAC),BA22(STG)&BilateralBA
10(AConleft) (Areaschosenwhereactivationsignificant&previousactivityin otherstudies) C-Positivereciprocalconnectionsbetween LBA45-L22 LBA22-L32 LBA45-R10 RBA10-L10 SCZ-Negativereciprocalconnectionsofabove

NodifferenceinshallowordeeptaskRT Nodifferenceinshallowtaskaccuracy Smalldifferenceindeeptaskaccuracy

(Jessenetal 2003)

12SCZ 12C

9M:3F (27.4) 9M:3F (27.7)

Verbaldeepencoding& recognition (Enc:X50wordsin5 blocksevery3seconds. Tointernallyassociate withachosennoun
3minutesbetweentasks (Recognition:50old& 50new&50null 2secpresentation+1.5 fix=3.5ISI)

EPI(BOLD) FMRI1.5T (Blocked& eventrelated designs)

OnlyR&Lhippocampalactivationanalysedaccordingto anatomicalmasks Encoding: Bilateralhippocampusinboth,LanteriorgreaterinCthanSCZ Recognition: Old&newwords- Bilateralhippocampusinboth. CorrectoldbilateralinC,butonlyRinSCZ Correctnew SCZ>C Rhippocampus(anterior)

FMRIforfalsealarms&missestoolow forcomparison RTencodingNS RecognitioncorrectoldlessinSCZthan C,butcorrectnewNS RecognitionRTNS
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Study

Sample"

Gender (age)

Task

Imaging technique

Activations54

Behaviouralperformance

CouldbeRhippocampusduetodifficultyinnoveltydetectionin SCZduringrecognitionofnewwords (seeWeiss2004)

(Kubickietal 2003)

9SCZ 9C

M(39.7) M(43.2)

Deep&shallow encoding&recognition Repetitionpriming Deep:wordsabstractor concrete.Shallow: wordsupperorlower case Repeatedpresentationto assessprimingeffect
EPI(BOLD) FMRI1.5T Blockeddesign
Semanticencoding:withingroups C>BilateralIFG,RSPFC,bilateralAC&occipitallobes SCZ>LIFG,RmidFC,LposteriorSTG,Lparietal,cingulate& occipital. Betweengroups C>SCZbilateralIFG(5228-2-BA45) SCZ>CLSTG-Linferiorparietalandcingulate. Perceptual:withingroups C>cingulate&occipitalonly. SCZ-sameactivationsasinsemanticcondition. SCZ-Norepetition/primingeffectbehaviourallyorasdecreasein LIFG

Expecteddepthofprocessingeffect (betterrecognitionfordeepvs.shallow encodedwords) Cshowprimingeffect(fasterRTon repetitions)butnotSCZinsemantic encoding

VERBALFLUENCY (Artigesetal 2000)

14SCZ(negative) 14C

M(29) M(30.7)

Verbalfluency (phonological) Vs. Spontaneousword production Vs. Rest

PET H20150 (rCBF)

Cshowmainlyleftlateralised(languagedominant)activityin IFC,DLPFC,precentralandinferiorparietal. SCZshowlessactivationinLfrontal,andincreasesinRIFG,& Rinferiorparietal=diminishedlateralitybalance. Rhemisphereactivitynegativelycorrelateswithverbalfluency performance. Righthemispheremaybecompensatorybutineffective recruitment

VerbalIQnotcorrelatedwithword production

(Bullmoreetal 1999)

5SCZ 5C

Age&IQ matched

Covertverbalfluency (Phonological) Covertsemantic decisiontask(livingvs. non-living)

EPI(BOLD) FMRI1.5T Blockeddesign
Hypofrontalityapparentonlyinverbalfluency,notsemantic decisionstask.Cannotattributetodifferentscanningtechniques

ordisorderheterogeneity-functionoftaskalone.
Isverbalphonologicalfluencyharderorisitduetotaskspecific processesinPFC?

N/A

(Curtisetal 1998)

5SCZ 5C

M (31.6) M (29.6)

Covertverbalfluency (phonological) Vs. Silentrepetitionof'rest'
EPI(BOLD) FMRI1.5T Blockeddesign
ReducedactivityinLDLPFC,IFG,insula Incactivityinmedialparietal

Nodifferencesinperformancepriorto scanning

(Dye1999)

6SCZ

3M:3F

VerbalFluency

PET

BilateralSTGactivity<inSCZ&BPD

N/A
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Study

Sample"

Gender (age)

Task

Imaging technique

Activations54

Behaviouralperformance

6BPDs55 10C

(48.8) 3M:3F (46.5) 6M:4F (51.5)

(phonological) Vs. Repetition

H20150 (rCBF)

Nodifferencesinfrontalactivity.

(Fletcheretal 1996)

12SCZ(medfree 6months,9med naive)
12C

(26) Age matchedC

Verbalfluency Paced(phonological)vs. controlwordrepetition task;afterscanhalf givenapomorphine(acts ondopaminereceptors) andhalfaplacebo

PET H20150 (rCBF)

SCZ:> BilatPFC,AC,Linferiorpariet,STG,posteriorcingulategyrus SCZ> Sameasabove,AC,RmidFC,Lfusiformgyrus. C:> PFC,AC,thalamic/subthalamic C:<STG,bilateralandposteriorcingulategyrus SCZvs.C SCZnoanteriorcingulateanddon'tdeactivatesuptempgyrus.
SCZslowerthanC-nonsignificant Apomorphine-dopaminergicantagonist modifiesbrainactivity(antipsychotic) anteriorcingulatewidespread heterogeneity-attention,coordination withotherareas STG. Nodiffbetweenapomorphineand placeboontaskperformance.

(Frithetal1995)
18SCZ (PoorVF performance OddVF performance NormalVF performance) 6C

5M:2F (57.9) 4M:IF (53) 5M:IF (47.7) 5M:IF (57.2)

Pacedverbalfluency (phonological) Vs. Wordclassification (semanticcategorisation: manmadevs.natural) Vs. Wordrepetition

PET InhaledCl502 (rCBF)

Withingroups: Fluencyvs.repetition Allgroups>LDLPFC,ACandthalamus
<posteriorcingulate,RSTG Repetitionvs.fluency OnlyC>LSTG(i.e.lessSTGinfluency).Thiswasnot apparentinSCZ.

Nodifferencesbetweengroups. Activityinsemanticcategorisationfell betweenrepetitionandVF,butappeared greaterinSCZthanConsight.

(Spenceetal 2000)

lOOBLIGs 10SCZ 10C

4M:6F (55.4) (41.7) 6F:4M (51.5)

Verbalfluency (phonological)

PET H20'50 (rCBF)

SCZsdidn'tdeactivateprecuneus&showeddisconnectivity betweenLDLPFCandAC. ACconnectedtoPFCandthalamusandattention/motorcontrol role.

(Sommeretal 2003a)

12FSCZ 12FC Comparedto previous. 12MSCZ

(33.6) (32)

Verbgenerationtask (cuedwithnoun) Vs. Reversemirrorread semanticdecisiontask (reducedorthographic
EPI(BOLD) FMRI1.5T Blockeddesign
InvestigatedlanguagelateralisationVOIs.SCZFincrighthem activityhencedecreasedlanguagelateralisationrelativetoFC. ComparedtoMSCZlowerlateralisationthanC
N/A

55BPDs=bipolardisorderpatients 460



Study

Sample"

Gender (age)

Task

Imaging technique

Activations54

Behaviouralperformance

processing) Vs. Rest

(Weissetal 2004b)

9MSCZ 9MC

(31.4) (26.8)

Covertverbalfluency (phonological) Vs. Rest

EPI(BOLD) FMRI1.5T Blockeddesign
Fluencyvs.rest:withingroups C>PFC,AC,Lparietal,Lthalamus SCZ>PFC,AC,Lparietal,LThalamus.Nobetweengroup differences,but-Broca'slateralisationindex= C>LIFG(BA44) SCZ>bilateralBA44 =ReducedlanguagelateralisationofIFG

(Yurgelun-Todd etal1996)

12SCZ 11C

10M:2F (34.4) 6M:5F (28.2)

Verbalfluency (phonological) Vs. Counting(rest)

EPI(BOLD) FMRI1.5T Blockeddesign
Fluencyvs.rest:betweengroups C>SCZDLPFC SCZ>CSTG

Allgroupsperformedsatisfactorily.

WORD/STORYRECALL (Andreasenetal 1996)

14SCZ 13C

10M:4F (30.7) 6M:7F (28.6)

Proserecall (Wechslerlogicalstory memorytest)

PET H20i50 (rCBF)

Practiced: SCZ<ffonto-thalamic-cerebellarregionsandLmotorarea. REST: SCZ<Medialfrontal,lateralrightfrontal,leftthalamusandleft cerebellum. Novel: SCZ<fronto-thalamic-cerebellarregion,anteriorcingulate,bilat lenticnuclei,anteriortemp,mammillarybodies.
Practiced:SCZandCequalperformance Unpracticed:poorerperformancefrom SCZ

(Barchandal 2002)

38SCZ 48C

63%M (36.3) 46%M (36.5)

Wordlistandpicture encodingand recognition(&N-Back WMtask)

EPI(BOLD) FMRI1.5T Blocked design

LTM&WM(irrespectiveofmaterialtype) SCZ<CRDLPFC,brainstem,bilateralparietalcortex Enc&WM C>SCZbrainstem,basalganglia,thalamus,medialPFC SCZ>Csomatosensorycortex WM

C>SCZRant&posthippocampus,bilateralDLPFC,bilateral SPFC,bilateralprecuneus. SCZdidn'tshowgreaterLresponseinIFC,parietalortemporal duringwordsoverfaces,asseeninC-reducedlaterality?
SCZworseonrecognitionofwordsand facesthanC,butallbetteronwords. SCZsloweronrecognitionofwordsthan C

(Crespo-Facorro etal1999)

14medfreeSCZ 13C

10M:4F (28.6) 6M:7F (30.7)

Wordlistrecall
(15itemsRAVLT) Auditoryencoding (i.e.practicedwords learned1weekpriorto recall& novelwordsseenI minutepriortorecall)

PET h2oi5o (rCBF)+MRI scan

SCZNovel: decrCBFinRanteriorcing,Rthalamus,bilatcerebellum SCZPracticed: DecrCBFinLDLPFC,bilatmedialfrontal,LSMA,Lthalamus,
Lcerebellarregions,anteriorvermis,Rcuneus SCZfailtoactivatecorticalcerebellar-thalamic-corticalcircuitry

Nodiffsinperformancesig.
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Spokenrecall Vs. Rest

duringrecallofpracticedandnovellists.

(Fletcheretal 1998)

12medSCZ 7C

M 6M:IF

Wordlistrecall (1-12itemlists-graded listmemorytask)

PET H20150 (rCBF) Fixedeffects GLM

DLPFC: Cactivethroughouttask SCZ(U)and(I)activethendecreasewithinctaskdifficultyof task(beyond4words) LSTG: Ctaskrelateddecrease SCZlinearandunrelatedtotask INFPARIETAL:asabove POSTERIORPARIETAL: Cactivethroughoutretrieval SCZ(I)notactive SCZ(U)highlyactive Nomedialtempactivationsseen-maybehippocampus,sensitiveto novelty.Notinhereduetorepetitionofmaterial.
Allgroupsshowedperfectrecallupto4 words-after4,performancedeclined

(Fletcheretal 1999)

12SCZ 7C

M 6M:IF

WordListRecall (1-12itemlists-graded listmemorytask)

PET H20150 (rCBF)

PFCandACCactivityinCpredictedSTGdecrease,butnotseen
inSCZ.ReflectsmodulationofACCandPSConSTGfunction i.e.PFCsuppressesSTGactivity/ormodulatingACCwhichthen suppressesSTG. ACCassociatedwithresponseinhibition

(Gangulietal 1997)

8SCZ(remission) 8C

5M:3F (39.6) 5M:3F (36.9)

Wordlistrecall (Supraspantask:12 wordfreerecall15 secondsaftereach auditorylist presentation-x6lists) Vs. Visualfixation

PET H20150 (rCBF)+MRI scan

SCZ<CbilateralfrontalandSTG LessactivationdecreaseinLOFC,Ltemporor-occipital,inferior parietalinSCZthanC SCZ:Noleftsuptemporputamenactivation
Participantspracticedprocedurepriorto scanningandaskednottouseserial recallonday. Recencyandprimacyeffectsinboth groups.Patientsperformmorepoorlyin recencyaspectoftask

(Guretal1994)
18SCZ 18C

12M:6F (26.7) 12M:6F (26.6)

Wordrecognition(Word recognitiontask- Kimura) (alsofacerecog)

PET Xenon injection (rCBF)

SCZdidn'tshowlateralitychangesshownbyC,L-Rverbal,R-L visualinmidtempregion SCZlessglobal>,especiallyinleft&forverbal,thanC
Sensitivity(identifyasseenbefore)was lessaffectedthanspecificity(rejectitems asnontargets)inSCZ -lowerthanCbothverballyandfacially

(Hazlettetal 2000)

20SCZ(medfree) 32C

14M:6F (38.3) 25M:7F (41.8)

Wordlistrecall
(16words-SerialVerbal LearningTest) Presented30minutes beforetraceruptake

PET (FDG) (rGMR)

DecinrGMRinfrontalcortex&incintemporalcortexinSCZ (assocwithserialorder) Decinfrontal&temporalareasbutnotparietal&occipital
SCZrecalledfewerwordsinsemantic clustersandshowedgreateruseofserial orderingcomparedtoC
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Behaviouralperformance

(Kayseretal 1999)

24SCZ 19C

15M:9F (29) 9M:10F (30)

Wordrecognition (continuousword recognitionparadigm: oldvs.newwords decision.Nowords repeated>thanonce)
ERP (EEG recordingsat4 midline&13 homologous sites

Normaloldneweffectisgreaterpositivitytooldthannew,which couldsignifynormalMTLfunction.SCZandCbothshowold- neweffect.Reduced-vepotentialsinSCZ,specificallyintheleft inferiortemporo-parietalareas-earlyinwordprocessing(200- 400ms).MaynotrequireMTLinthistask.
LongerRTforoldthannew.SCZless accuratethanC,butbothperformabove chance.WordrecognitionworseinSCZ.

(Noharaetal 2000)

10SCZ 9C

M(27.2) M(25.8)

Wordlistrecall (Verballearningtask)
SPECT (rCBF)

NoincfrontalactivityinSCZasseeninC Duringlearning: SCZlowerrCBFinbilateralIFG,LAC,RSPFC,bilateralmidFC
Cgenerallygeneratemorewordsthan SCZ

(Raglandetal 2001)

23SCZ 23C

18M:5F (35.2) 12M:1IF (30.7)

Wordencoding& recognition (Pennwordrecognition test-20wordlist presented15minutes priortorecognition)
PET H20150 (rCBF)

Sameactivationinsensorimotorcortexforbothgroupsinmotor task ENCODING: CmaximalactivationinLIFG&additionalbilateraleffectin inferiortemporalgyrus,LSMA,Rinsula,Roccipitalcortex,R cerebellum. SCZactivationinbilateralsuperiorfrontalregions,Lsuperior temporalgyrus,Lcerebellum,Rthalamus. CgreaterLiPFC,LmiddleandsuperiorfrontalgyrusandL superiortemporalgyrusactivationthanSCZ RECOG: CbilateralPF,Lanteriorcingulategyrus,Lmiddlefrontaland superiorgyrus,Linferiortemporalgyrusandbilateralfusiform gyrusactivation. SCZshowedLmiddlefrontalgyrus,Rsuperiorfrontalgyrus,L middletemporalgyrus,bilateralinferiortemporalgyrus,L cingulategyrus,Lmiddleoccipitalgyrus&bilatinferioroccipital regions. CgreateractivationthanSCZinLPFCandLAC,LmidFC,L mesialtemporallobe,Rthalamus.
LPFCinvolvedinepisodicmemoryprocessingandimprovedby encodingwordassociationssemantically.DegreeofPFC activationrelatedtostrategicencodingprocesses. Recognitioncanbesuccessfulwithshallowprocessing(noetic

Recognitionhighforbothgroups (SCZnonsignificantlyless accuratethanC,withmoreguesses) RTssameforbothgroups Motortaskhighforbothgroups
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Behaviouralperformance

awareness-familiarityoverconsciousrecollection).Recall(source memory)wouldprobablyputmorepressureonfrontalactivations andperformancemaybeimpaired.Futuredepthof processing/imagingstudiesneeded.

Ragland2004

14SCZ 15C

(32.7) (28.4)

Wordencoding& N-backworking memorytask(prevents verbalrehearsal)& Recognitiontask

EPI(BOLD) FMRI4T Eventrelated design

Encoding:withingroups C>LBA10,LDLPFC,RSMA(BA6),posteriorcingulateand visualareas. SCZ>LBA10,LBA44,visualareas,LSTG,Lparietal,LAC,R thalamusBUT,NoLDLPFCinSCZ Betweengroups C>LBA9&46,Linsula,Rputamen,LBA7. SCZ>CLinferiortemporal,Rmiddletemporal(BA21),bilateral PHG,motorandvisualareas. Recognition:withingroups C>LBA10,9,46,bilateralBA7,Lthalamus. SCZ>asabove+BA10/11(OFC)butnot9or46. Betweengroups C>SCZLDLPFC,insula,thalamusandsuperiorparietal. SCZ>Csensorimotorareas,LOFC,LmiddletemporalandR precuneus. Retrievalsuccess: C>SCZLDLPFC SCZ>COFC,LPHG,RBA40

8cand1SCZmadewordassociationsto recall.Restusedrehearsalordidn't know. NodifferencesinRT. SCZdifficultyinrecognition(targets) greaterthanC.Lookedatcorrect recognitiononly.

(Weissetal 2004a)

15MSCZ 16MC

M(46) M(48.2)

Shallowencoding& recognition (Stark&Squire's Old/NewRecognition Memorytest-forhippoc activityincontrols) Enc-80wordspresented x2-toreadaloudonly 15minutedelay Rec-160words(80old &80new)

EPI(BOLD) FMRI1.5T Blocked design

Bilathippocampusinbothgroupsduring'old'vs.baseline. Newvs.baselinebilateralhippocampusinbothgroups 01d>NewinC-
nohippocampusactivity,butSCZshowedRposteriorhippoc activity(NS) New>01dinC- Ranteriorhippoc,butnotinSCZ ROIanalysis:C>RthanLinnew>old,butSCZopposite CorrelationbetweenRhippocandfalsealarmrateinSCZbutnot

c

CorrectoldNS Incorrectold(falsealarmrate)sig greaterinSCZthanc Hots&correctnewquickerRTthan misses&falsealarms
Cfasterforcorrectnewvsincorrectnew but SzRTsimilarfornew(correctrej)&old (falsealarm) DifficultyincorrectlyrejectingNew items,henceincfalsealarmrate. RanterioractivityinCduringnew items,butnotSCZ.Rantimportantin
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Behaviouralperformance noveltydetection&familiarity? 2ndrytoprefrontalabnormalities

(Yurgelun-Todd etal1997) Abstractonly

12SCZ 12C

Wordlistrecall List15wordspresented
x3

FMRI 1.5T

ROIsfrontal,temporal&parietal SCZ>Ctemporal C>SCZDLPFC

Hypofrontality Suggestsdisconnectivityinfronto- temporalnetworks

WORKINGMEMORY (Artigesetal 2000)

8SCZ 8C

(28) (25)

Randomnumber generation: (Avoidsequencesand repetitions) Executivecontroltask.
PET H20150 (rCBF)

SCZ: Nocovariationbetweenanteriorcingulateandabilitytodotask. Nosuperiorparietalactivationinrespectoftaskpacing. C:themorerandomtheresponses,thegreatertheactivationof thesuperioranteriorcingulate.Superiorparietalactivationinc withdifficultyandhencetaskspeed. Cingulo-parietaldysfunction

SCZ: Slowerrespondingthancontrols,and lessrandomresponses-i.efoundithard toinhibitpreviouslyspokenresponseand generatebrandnewones. C: Themorerandomthenumberresponses, thegreaterthecontrol.Respondedfaster thanpatientsandhadmorerandom responses.

(Barchandal 2002)

38SCZ 48C

63%M (36.3) 46%M (36.5)

Wordlistandpicture encodingand recognition(&N-Back WMtask)

EPI(BOLD) FMRI1.5T Blockeddesign
SCZ:LTM&WM ImpairedactivityofRDLPFC,brainstem,basalganglia, thalamus,parietalcortex SCZ:Enc&WM ImpairedactivityinLhippo/parahippo SCZ:WMonly ImpairedactivityinbilateralDLPFCandRmedialtemporal cortex

SCZworsethancontrolsonWMtask. Noeffectofverbal&nonverbal material.

(Callicottetal 1998)

10SCZ 10C then6SCZ(2 medfree)
6C

M(34.1) M(33.3)

N-back &Motorcontroltask
EPI(BOLD) FMRI1.5T 9runswith 30second epochsof alternating conditions

SomeSCZfailedtoshowactivationinSMAduringcontroltask. Matchedthenforvoxelstability(PSD). SCZ: Allbut1of6failedtoactivateDLPFCwithhigherloads. Tendencyforoveractivationofparietalcortex C:
ActivatedDLPFC

Nodiffson0back,butSCZpooreron2 backthanC (theonlySCZactivatingDLPFChad performancewellbelowC,butanother patientwhofailedtoactivateDLPFC hadperformanceequivalenttoC) possiblecompensatoryactivationto improveperformancehinderedby ineffectiveusageofDLPFCinSCZ?

(Callicottetal 2000)

37SCZ 32C

ParametricversionofN- Backtask

EPI(BOLD) FMRI1.5T Blockeddesign
(9runswith

Bothsimilarresponseacross0B-1B-2B SCZ: GreaterdynamicresponseinBA9-10,46,42&cingulate32
SCZworseathigherlevelsofdifficulty thanC(i.e.1Band2B)
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30second epochsof alternating conditions)

GreaterrespthanCinintraparietalsulcus(BA39) C:greaterdynamicrespinregionsoutsidePFC&ventralPFC,&
inLBA7,precuneusRBA39 AlsoCgreaterCEREBELLUMrespthanSCZ,LsupTempG& postcingulate LineardeactivationinRHippocampuswithinctaskdifficulty

(Holcombetal 2000)

18SCZ 12C

Tonefreqrecognition (Trainedtoequivalent performance) Sensorimotortask &Rest

PET H20150 (rCBF)

SCZ: LesschangeinrCBFofanteriorcingulate&SMAwhen switchingfrommotortodecisiontask LowerrCBFtofrontalareaswithextendedresponsetimes C: IncrCBFtofrontalareaswithextendedresponsetimes. SCZineffeicientuseoffrontocingulatesystemintask.
SCZ: Performedaswellintonediscrimination

asC

(Honeyetal 2002)

20SCZ 20C

M(34.6) M(39.3)

LowloadverbalN-back task

EPI(BOLD) FMRI1.5T Blockeddesign
SCZ: SimilaractivationsinrelevantareastoC.Robustfrontoparietal activationasinC. NoRT-functresponserelationshipfound. Maynotbeusingphonologicalloopadequately.

C:
Activationsinrelevantareas(bilateralparietal&occipito¬ parietal,precuneus,bilateralDLPFC,inffrontal,latPM,precent gyrus,occipitalareas&cerebellum)similartoSCZ. Areactiontime-functionalresponselineareffectinposterior bilateralparietalcortex-incparietalactivationwithincresp latency.

SCZandCperformedequivalently,buta significantdifferenceinRT,withSCZ slowerthanCinbothexpandcontrol cdts.

(Jansmaetal 2004)

lOSCZ(med) IOC

SpatialN-Backtask(inc difficulty)

EPI(BOLD) FMRI1.5T Blockeddesign
Normalinbothgroups. At3backDLPFCactivityceasedinSCZrelativetoControls
PeakactivationinDLPFCreached earlierinSCZthanC

(Kindermannetal 2004)

8SCZ 2SCZAff 12C

(58) (63)

SpatialWorking Memorytask (McCarthyetal)

FMRI1.5T Blockeddesign
SCZshownormalworkingmemory(spatial)activation Greaterinfusiformgyrus,MFC,Rcerebellum,middleoccipital, supramarginalgyrus. CgreaterinSTGandMFCareas.

YoungandoldSCZshownormal DLPFCwhenspatialworkingmemory taskdemandsarewithintheircapacity.

(MacDonaldand Carter2003)

17SCZ 17C

71%M (34.2) (33.5)

CPT-AXtask (Toinhibitlearned automaticresponse-
FMRI1.5T Event-related design

CincLDPFCduringinhibition,butnotSCZ
Contextprocessing:abilitytorepresent andmaintaininfotoadaptivelycontrols behaviour:
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respondtopre-specified probe(X)onlywhenit followscontextcue(A). 3distractorsBX,AY& BY.)

Assocwithtopdownsupportto overcomenaturalresponseinConly

(Manoachetal 1999)

13SCZ IOC

M M

Item(digit)recognition (Sternberg)

BOLDEPI FMRI1.5T Blockeddesign
SCZgreaterinLDLPFC(butnotright)&inverselycorrelated withtaskperformance

SCZperformedabovechancebutmade moreerrorsandhadlongerRTthanC

(Manoachetal 2000)

9SCZ 9C

M(42.4) M(38.7)

Item(digit)recognition (Sternberg)

BOLDEPI FMRI1.5T Blockeddesign
SCZgreaterinLDLPFC(butnotright)&inverselycorrelated withtaskperformance. AlsoSCZactivatedThalamus&Basalgangliadespitematched performance

SCZdeficientWMperformance

(Manoachetal 2001) Retestreliability
RETESTof ABOVE

Item(digit)recognition (Sternberg)

BOLDEPI FMRI1.5T Blockeddesign
Cognitiveactivationnotreliableacrosssessionsinindividual SCZpatients.Greatervariationovertime.

(Menonetal 2001)

11SCZ 13C

M(44.5) M(42.6)

2-backContinuous PerformanceTask

BOLDEPI FMRI1.5T Blockeddesign
ROIanalysis-DLPFC,inferiorandsuperiorparietal,frontal operculum,STG&AC. DeficitsinR&LDLPFC,inferior&superiorparietal
Testedagainseveralmothslater-SCZ worseandslowerthanC

Mendrek2004 (Meyer- Lindenbergetal 2001)

13SCZ(medfree) 13C

12M:IF (32) 9M:4F (30)

N-back(0backand2 back)

PET H20150 (rCBF) Functional Connectivity analysis

HalfvarianceexplainedbyPHG,cerebellarloadingsforSCZvs. C DLPFC&ACforCvs.SCZ

SCZ<C

(Perlsteinetal 2001)

17SCZ(med) 16C

11M:6F (36.5) 10M:6F (36.5)

N-back(letters) Parametric0,1,2,3forC and0,1,2forSCZ

BOLDFMRI 1.5T Blockeddesign
SCZdeficitinRDLPFC(BA46/9)onlywheredifferingfromC

ontaskperformance. SCZwithgreaterDLPFChaveworstperformance.
Sensitivityandresponsecriterion(Beta) lowerinSCZthanCat2back

(Perlsteinetal 2003)

16SCZ 15C

11M:5F (36.8) 9M:6F (36.4)

N-back&AX-CPT (letters) N-backasabove.CPT- respondtopre-specified probe(X)onlywhenit followscontextcue(A). 3distractorsBX,AY& BY.

BOLDFMRI 1.5T Blockeddesign
Tasksengagedoverlappingnetworks.Incload=incactivity LessRDLPFCinhighWMloadinSCZ DLPFCNOTcorrelatedwithcuemaintenance(i.e.Atrials)in groups-sonotresponsibleforholdingofcueinformation? DLPFConRcouldbeattentionrelatedisactivewithincdemand duringcuerelatedtrials?Probablypreparatorytherefore.
Incloadassociatedwithincerrorrates- SCZmoresothanC. SCZmademore'wrongcue'responses thanC(i.e.B)especiallyatshortdelay periods.MoreBXtrialerrorsinSCZ thanC. SCZusecueslesseffectivelythanC.
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Bcueactivitymay reflectintentionto overcomeresponseto targetX

Cshowedgreateractivityduringbthan duringAcuetrials.

(Quintanaetal 2003)

8SCZ 8C

6M:2F (29.2) 6M:2F (35.2)

Spatial &Visualworking memory colouredcirclesand happy/sadfaces presented-anticipating responses& rememberingcues

FMRI
3T

Blockeddesign
PFC&PPC(postparietal)specificallylookedat. Retentiontask:SCZ>CDLPFC C>SCZonfacesinLBA47 BilatPPCwithbothfaces&dots.OnlyduringfacesinC,also bilatSTGbutonlyLinSCZ Anticipationtask:C>SCZDPFC(BA9),RDFC&IFC(BA44). BilatIFC(BA47)inConly.

(Stevensetal 1998)

14MSCZ 14MC

Word&toneserial positions

BOLDFMRI 1.5T Blockeddesign
Bothtasks=frontal,temporal,parietalactivationinbothgroups WSPT:C=LinfFG(BA6,44,45) ReducedactivityintheseareasinSCZ

(Walteretal 2003)

15SCZ(med) 15C

N-backverbal&spatial
BOLDFMRI 1.5T Blockeddesign
NolateralisationeffectsinSCZ(i.eLforverbal&Rforspatial) NohypofrontalinSCZ.

Medicationeffectsmayinfluence hypofrontalityfindingsinpast(atypical neuroplepticsinparticular)

(Weinbergeretal 1996)

10SCZ(7med) 10C

M

N-back

FMRI

ReducedPFCactivationin(9/10nonein2-backcdt.)SCZ, despitenormalperformance

Moreerrorsbutotherwisenormal performance

(Wexleretal 2000)

8SCZ

4M:4F (46)

Wordserialposition Over10weeks:
4wordssameeachtrial; 5wordsdifferenteach trial;4wordvisual different;3toneauditory differenteachtrial On2occasionsbefore& afterverbalmemory exercises

FMRI

SCZtaskrelatedactivityinLinfFCwithimprovedperformance
(in9/10). 1SCZafter15weeksshowednormalisedLinfFC.

Performancegainsonverbaltestsbutnot
ontones.

(Wenceletal 2002) Abstractonly

8SCZ 12C

N-back&cpt-xcontrol task

FMRI

Patientsactivatedleftorbito-frontal(BA11)notseenincontrols. AllactivatedbilatDLPFC,bilatInfParietal(BA40),LSTG,Ant Cing.CmorethanSCZintheseareas

Alldeclinedon2back,SCZdeclined morethanC.Equalperformanceon CPTtask

VISUALENCODING&RECOGNITION (EylerZorrillaet al2002)

8SCZ 10C

(5F) (meanage 54)
(2F)(mean age61)

Pictureencoding& repeatpresentation (control)

BOLDFMRI 1.5T Blockeddesign
SCZwithgreatestPHG/hippocampusresponseduringencoding wereabletorecogniseafter(+vecorrelation) Onlya-vecorrelationinC

Nodifferencesinrecognition

(EylerZorrillaet
9SCZ

Pictureencoding&

BOLDFMRI
4searchregions:FusiformGyrus,PHG,Hippocampus,1FG

-veresponseinrepeatedrelativeto
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al2003)

10C

repeatpresentation (control)

1.5T Blockeddesign
Novel>repeatedpictures C>SCZhippocampus/PHG&fusiformgyrus

baseline?Failureofcognitivesubtraction
inSCZ?

(Guretal1994)
8SCZ 18C

Face&Word recognition

PET (xenon)

SCZdidn'tshowlateralitychangesshownbyC,L-Rverbal,R-L visualinmidtempregion SCZlessglobalinc,espinleft&forverbalthanC
Sensitivity(identifyasseenbefore)was lessaffectedthanspecificity(rejectitems asnontargets)inSCZ -LowerthanCbothverballyandfacially

(Heckersetal 2000)

9SCZ 8C

Visualobjectrecogtask (3Dlinedrawings)
PET H20150 (rCBF)

New-Old: OSCZrCBFinRPFC(BA10),RpostThalamus SCZ>CrCBFRpostcing/precuneues Old-New SCZ>CLPFC(BA8)

(Leubeetal 2003)

10SCZ IOC

FaceMemorytask: Scannedduring Encodingonly

FMRI 1.5T

FaceEncoding(toberememberedlater) OSCZ:Rhippoc(BA27),Rcerebellum

Nodifferences
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Figure 5A: EHRSfunctional MR1 information sheet

Functional MRI in the Edinburgh High Risk Project

To be read with subjects before scanning

Thank you for agreeing to participate in this part of the study.

We will ask you to remove all metal objects from your person before going into the scanning room. You
will then bit asked to lie down 011 the seanner platform, when we will put head phones over your ears, put
a hand-set on your dominant hand with buttons to press, and then slide the screen for giving you
instructions in the scanner over your head. We will try to make sure that you can press all the buttons on
the hand-set easily, that you are lying comfortably, and that you can clearly see the overhead screen. The
scanner platform will then lift and slide into the scanner itself. You may hear a few clicking noises, and
the scanner platform may move slightly at the beginning of each of the four scans we hope to conduct.

The first scan is simple and brief (localiser), so that the other scans can be positioned properly.

The second scan is a more detailed scan of the structure of your brain, and will last seven minutes. The
scanner makes a noise rather like a fog horn at this lime. It is important that you tie still, but relaxed,
during the scan and in the scanner in general.

The overhead screen will give you some information and instructions at the beginning of the third scan.
You will be asked lo press the button to say that you are ready and then asked to press your thumb on the
thumb button to start the task itself. During the task you will be asked to think of a word to finish off a
sentence in which the last word is missing. We simply want you to think of a word that would finish the
sentence - please do not speak while the scan is being done, as this will distort the image. Once you have
thought of the first word that occurs to you press any button on the handset and wait fur the next sentence.
Do not worry if you cannot think of a word in time or if you do not think the word is appropriate - we are
mainly interested in what you arc doing when you try to think of the word, rather than the word you
produce itself. Every now and then you will see a screen with circles on it, which is a rest period during
which you don't have lo do anything at all. This scan will take about 12 minutes in total.

The fourth and final scan is split into two stages. Y011 will be given instructions and a brief practice
session at the beginning of each stage. You will be shown a single word and asked to decide whether the
object is 'living' or 'non-living'. Please press your thumb button or your first finger button (index, or
pointing finger button) when you have made the dceision about the word. If you are not sure about which
button to press, please make a "best guess" and press the appropriate button. Again, do not worry if you
are right or wrong, as wc arc mainly interested in what happens in the brain as you are making this
decision, rather than if you get it right or wrong. The first stage of this fourth and final scans lasts about
three minutes. You will then be given a practice session lo get the hang of the second stage of this scan.
You will be shown a wnrd and asked to decide whether you saw it in the previous stage or not, and to
press a button to indicate this. This part of the fourth and final scan will last about six minutes. Again,
please make a response for each word, even if it is a 'best guess', and do not worry if you get it right or
wrong.

In general, therefore, please lie still but relaxed, do not speak whilst a scan is being done, press the
appropriate button when you have thought of a response and do not worry about how well you are duing.
You can, of course, slop the scanning session at any time, if you wish, but the whole thing should last for
less than an hour.
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Figure 5B: Medical Screening Form

SHEFC BRAIN IMAGING RESEARCH
CENTRE FOR SCOTLAND

SCREENING FORM #1(P)

SCREENING FORM FOR USE BY PATIENTS ENTERING THE
SCANNER ROOM

First namc(s):

Home address:

Date of birth: Home telephone number: Business telephone number:

Weight: Height:

CIRCLE THE CORRECT RESPONSE TO ALL OF THE QUESTIONS BELOW (IF YOU HAVE
DIFFICULTY READING OR UNDERSTANDING THIS FORM, SOMEONE WILL HELP YOU):

• Do you have a cardiac pacemaker or artificial heart valve? YES/NO

• Have you ever had metal fragments in your eyes? YES/NO

• Do you have any vascular clips, a cochlear implant or a shunt etel YES/NO
If you have a shunt is it programmable?

• Have you ever had a shrapnel injury or any other injury involving metal? YES/NO

• Have you ever, at any time in your life, had any operations to your head? YES/NO

• Do you wear dentures, a dental plate, a brace, contact lenses or a hearing aid? YES/NO

• Have you had any joint replacements, Harrington rods etc? YES/NO

• Do you suffer from any heart disease or rhythm disorder? YES/NO

• Do you suffer from epilepsy or diabetes? YES/NO

• Have you had any recent surgery ofany type (within the last six months)? YES/NO

• Are you wearing a nicotine/hormone or cardiac patch? YES/NO

Please turn over
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LADIES:

• Could you be pregnant?

• Are you breast-feeding?

• Do you have an IUCD or sterilisation clips?

YES/NO

YES/NO

YES/NO

Reasons why it might not be safe for me to undergo Magnetic Resonance Imaging scanning have
been explained to me, and I have been given the opportunity to ask questions about them. I am
satisfied that I have all the information that I need to provide informed consent.

I know of no reason why I should not undergo Magnetic Resonance Imaging scanning or take
part in the study.

I have removed all credit cards incorporating magnetic strips, and loose metallic objects (e.g.
coins, keys, badges, hair grips, jewellery, hearing aids, watches, cell-phones, pagers etc, and
documents held together with paper clips or staples), and have placed these in a secure locker or
left them with a friend or relative before I enter the scanner room.

Signature of Patient (or Guardian):

Name of Radiographer: CN Number (SBIRCS use only):
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Figure 5C: Within Scanner Instructions (Flett 2000)

Word Classification Task:

You will see a list ofwords

Your task is to decide if the words refer to living things or nonliving objects
Press any button to continue...

To make a response press the THUMB button if the word is a LIVING thing and the INDEX FINGER button if the word is a

NONLIVING object
You may respond at any point before the next word appears

Press any button to continue...

There now follows a PRACTICE run

During the practice you will be given feedback on your first response

Remember; press the Thumb button for a LIVING thing and the Index Finger button for a NONLIVING thing
Press any button to continue...

That was the end of the practice run

The real run will follow shortly
There will be a loud noise as the scan starts (Presentedfor 5000 ms)

Recognition Task:
This is a DIFFERENT task

In this task you will see another list of words
Some were presented on the screen in the living-nonliving task you have just done
Others are similar new words

Press any button to continue...

To respond press the THUMB button for YES, the word did appear in the previous list
Press the INDEX FINGER button for NO, the word did not appear in the previous list
Ifyou are unsure then make your best guess

You may respond at any point before the next stimulus appears

Press any key to continue...

There now follows a PRACTICE run

During the practice run you will receive feedback for your response

Remember; press the Thumb button for a word you DID see in the previous list and the Index Finger button for a word you did
NOT see

Press any key to continue...

That was the end of the practice run

The real ran will follow shortly
There will be a loud noise as the scan starts (Presentedfor 5000 ms)

There now follows the actual task

Respond to each word as in the Practice Run
Press Thumb for an OLD, previously seen word and Index Finger for a NEW word, not previously seen

Press any button to continue... Thank you for you attention. This task is complete
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Figure 5D: Post-testparticipant debriefingform

Edinburgh High Risk Study

Debriefing Questionnaire

To be completed by the participant and the researcher after the fMRI scan

Participant Scan Date . ..... ......

I. Did you have any problems during the scan? - Yes/No (please circle)

If yes: Please state what were the main problems

2. Were you comfortable during the scan? - Yes/No (please circle)

Tf no: Please state if you were so uncomfortable as to make you move in the scanncr-
Ycs/No (please circle)

3. a) In general, were you able to think ofwords during the ITayling sentence
Completion Task? - Yes/No (please circle)

b) In general, were you able to press a button once you had thought o f the
words during the Mayling Sentence Completion Task? Yes/No (please circle)

4. a) In general, were you able to decide whether a word was living or non
living, during the Living/Non living Decision Task? Yes/No (please circle)

b) In general, were you able to press a button once you had decided in which
category a word belonged (living or non living)? Yes/No (please circle)

5. a) In general, were you able to decide whether you had seen a word before or
not? Yes/No (please circle)

b) In general, were you then able to press the correct button? • Yes/No (please
circle)

Signature Participant Date

Signature Researcher
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Table6A:MaximaofsignificantwithingroupdifferencesinbrainfMRIresponsewhicharegreaterduringencodingrelativetobaselineexperimentalactivation Group comparison:

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)'

c(+)

Medialfrontalgyrus

L

222

-1051

-2-256

6

4.3

0.003

Parietallobe,pre-centralgyrus
L

1922

-43-1859

44 -2264

4

4.7

<0.001

Parietallobe,post-centralgyrus
R

199

61-2026

62-2228

2

4.4

0.006

Superiortemporal

L

243

-5317-9

-5418-10

21

5.4

0.002

Cerebellum,declive

L

1213

■41-61-22

42 -62-30

5.3

<0.001

C(-)

Medialfrontalgyms(WM)
R

72

712-15

814-18

6/44

4.1

0.35/0.01(unc)

Parietallobe,precuneus(WM)
R

28999

9 -4446

10-4848

5/7

6.2

<0.001

Middletemporal

R

75

53-416

54-420

21

4.4

0.32/0.01(unc)

Cerebellum,posterior,tonsil
L

304

-21-48-36

-22^4846

4.6

<0.001

V

1

Qh

X

Frontallobe,sub-gyral(WM)
R

200

1351-22

1454-24

11

4.6

0.034

Parietallobe,postcentralgyms
L

7507

-51-2853

-52-3256

2

6.6

<0.001

Parietallobe,postcentralgyms
R

1282

65-1617

66-1818

43

5.5

<0.001

Superiortemporalgyms
L

672

-5913-7

-6014-8

38

4.7

<0.001

Superiortemporalgyms
R

444

5713-10

5814-12

38

4.8

<0.001

Cerebellum,anterior,culmen
L

4408

-35-51-24

-36-5232

7.0

<0.001

Cerebellum,posterior,tuber
R

6006

41-59-25

42 -60-34

7.0

<0.001

HR-(-)

Frontallobe,sub-callosalgyms
L

518

-99-12

-1010-14

25

4.1

<0.001

Limbiclobe,cingulategyms
R

73283

9-4240

10-4642

31

7.5

<0.001

Cerebellum,posterior,tonsil
R

1822

5-54-54

6-54-54

4.8

<0.001

HR+(+)

Medialfrontallobe

L

179

-1055

-2-260

6

4.3

0.010

1Resultspresentedatheightthresholdp<0.001,spatialextent20,zscores>3,zstatisticsignificantatpcorrectedformultiplecomparisons,unlessotherwisestated(i.e.unc =puncorrectedformultiplecomparisons. 477



Group comparison:

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

Inferiorparietallobule
L

2908

-51-2847

-52-3250

40

5.8

<0.001

Inferiorparietallobule
R

483

47-4053

48-4456

40

5.0

<0.001

Superiortemporallobe
L

212

-5911-3

-6012-4

22

4.5

<0.001

Cerebellum,anterior,culmen
L

3929

-37-47-26

-38-48-34

6.4

<0.001

Cerebellum,posterior,tonsil
R

4071

35-48-32

36-48-42

5.6

<0.001

HR+(-)

Thalamus

R

358

9-231

10-240

13

5.5

<0.001

Inferiorfrontalgyrus

R

115

39238

402410

45

4.7

0.080

Inferiortemporalgyrus
R

122

51-23-39

52-2248

20/38

4.6

0.063

Occipitallobe,cuneus(WM)
L

36950

-13-8229

-14-8628

19

6.2

<0.001

Cerebellum,posterior,tonsil
L

265

-3-54-47

4-54-60

4.4

<0.001
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Table6B:MaximaofsignificantbetweengroupdifferencesinbrainfMRlresponsewhicharegreaterduringencodingrelativetobaselineexperimentalactivation Group comparison:

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

C>HR

NSA

OHR-

NSA

C>HR+

NSA

HR>C

Inferiorfrontalgyrus

R

137

51254

52266

45

3.8

0.14/0.006(unc)

HR->C

Inferiorfrontalgyrus

R

22

52262

51250

45

3.4

0.99/0.22(unc)

HR+>C

Inferiorfrontalgyrus

R

154

51254

52266

45

4.0

0.095

Inferiorparietallobule
L

111

-45-4639

-46-5040

40

4.0

0.22/0.013(unc)

HR->HR+

Cingulategyrus

R

91

1-5710

2-608

31/23

4.2

0.39/0.022(unc)

HR+>HR-

Inferiorparietallobe

L

168

-45-5748

-46-6250

40/7

3.9

0.069

1Resultspresentedatheightthresholdp<0.001,spatialextent20,zscores>3,zstatisticsignificantatpcorrectedformultiplecomparisons,unlessotherwisestated(i.e.unc =puncorrectedformultiplecomparisons. 479



Table6F:Maximaofsignificantbetweengroupdifferencesin
brainfMRIresponsewhicharegreaterduringcorrectrecognition(old)responsesrelativetobaseline

experimentalactivation Group comparison: CorrectOld P<0.001

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

C>HR

NSA

C>HR-

Frontallobe,precentralgyrus
R

131

58-130

62-230

6

4.2

0.16/0.012(unc)

C>HR+

NSA

HR>C

Middleoccipitalgyrus

R

124

23-984

24-102-2

18

4.1

0.19/0.014(unc)

Superiortemporalgyrus(WM)
L

61

-64-342

-63-323

22

3.7

0.65/0.069(unc)

HR->C

Middleoccipitalgyrus

R

119

23-984

24-102-2

18

4.5

0.21/0.015(unc)

HR+>C

NSA

HR->HR+

NSA

HR+>HR-

NSA

1Resultspresentedatheightthresholdp<0.001,spatialextent20,zscores>3,zstatisticsignificantatpcorrectedformultiplecomparisons,unlessotherwisestated(i.e.unc =puncorrectedformultiplecomparisons,NSA=Nosignificantactivations 486



Table6G:MaximaofsignificantwithingroupdifferencesinbrainfMRlresponsewhicharegreaterduringcorrectrejection(new)responsesrelativetobaseline experimentalactivation Group comparison:

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(p corrected)1

c(+)

Inferiorfrontalgyrus

R

665

3719-6

3820-6

47

5.3

<0.001

Inferiorfrontalgyrus(WM)
L

632

-3319-7

-3420-8

47

5.4

<0.001

Medialfrontalgyrus

L

752

-31745

A1650

6

4.6

<0.001

Frontallobe,precentralgyrus
R

249

61325

62228

6

5.4

0.003

Parietallobe,postcentralgyrus (WM)

L

1713

-57-2017

-58-2218

2/42

5.1

<0.001

Temporallobe,fusiformgyrus
L

1734

-47-61-17

-48-62-24

37

5.0

<0.001

Cerebellum,culmen

R

1836

3349-24

34-50-32

5.4

<0.001

C(-)

Medialfrontalgyrus(WM)
R

30274

761-4

864-2

10

5.7

<0.001

Middletemporalgyms(WM)
L

617

-53-3-21

-54-2-26

21

4.3

<0.001

Inferiortemporalgyms
R

348

57-11-28

58-10-34

20

4.3

<0.001

Occipitallobe,cuneus

R

309

13-8624

14-9022

19/18

4.2

<0.001

HR-(+)

Orbitofrontallobe(WM)
R

1112

2157-18

2260-18

11

5.3

<0.001

Middlefrontalgyms

R

264

454316

464420

46

3.9

0.009

Inferiorfrontalgyms(WM)
L

1011

-51932

-52836

9/44

5.0

<0.001

Inferiorfrontalgyms

L

324

43540

44562

10

4.1

0.003

Inferiorfrontalgyms(WM)
R

570

3519-7

3620-8

47

5.3

<0.001

Inferiorparietallobule
L

6362

-39-4750

40 -5252

40

6.3

<0.001

1Resultspresentedatheightthresholdp<0.001,spatialextent20,zscores>3,zstatisticsignificantatpcorrectedformultiplecomparisons,unlessotherwisestated(i.e.unc =puncorrectedformultiplecomparisons. 487



Group comparison:

Anatomy

Flemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

Superiortemporalgyrus
L

1451

-5511-3

-5612-4

22

5.9

<0.001

Cerebellum,culmen

R

11747

35-51-27

36-52-36

7.2

<0.001

HR-(-)

Parietallobe,precuneus(WM)
R

67459

7-3646

8-4048

7

Inf.

<0.001

HR+(+)

Orbitofrontalgyms

R

213

2349-19

2452-20

11

4.2

0.01

Middlefrontalgyms

R

285

493220

503224

46

4.4

0.003

Middlefrontalgyms(WM)
L

258

-434510

-444614

10

4.0

0.005

Inferiorfrontalgyms(WM)
R

516

3719-6

3820-6

46/10

4.1

<0.001

Frontal,precentralgyms
R

171

59-1230

60-1432

4

4.3

0.04

Frontalprecentralgyms
L

271

-37-662

-38-1068

4

3.9

0.004

Inferiorparietallobule
L

2039

-473855

-48-4258

40

4.7

<0.001

Superiortemporalgyms
L

1050

-5311-3

-5412—4

22

4.3

<0.001

lentiformnucleus,putamen
L

418

2111-7

2212-8

4.6

<0.001

lentiformnucleus,putamen
R

497

-217-3

-228-4

5.4

<0.001

Cerebellum,declive,posterior
L

3965

-39-65-20

-40-66-28

6.8

<0.001

Cerebellum,culmen,posterior
R

4260

35-65-23

36-66-32

6.0

<0.001

HR+(-)

Medialfrontalgyms

L

31501

-350-5

-452-4

10

7.2

<0.001

Middletemporalgyms(WM)
R

1350

55-8-14

56-8-18

21

5.4

<0.001

Limbiclobe,anteriorcingulate
L

371

011-7

012-8

4.9

<0.001

Limbiclobe,uncus

R

579

27-1-21

280-26

4.6

<0.001

Parahippocampalgyms
L

274

-23-20-22

-24-20-28

35/36

4.8

0.004
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Table6H.MaximaofsignificantbetweengroupdifferencesinbrainJMR1responsewhicharegreaterduringcorrectrejection(new)responsesrelativetobaseline experimentalactivation Group comparison:

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

C>HR

NSA

C>HR-

NSA

C>HR+

NSA

HR>C

Middleoccipitalgyrus

R

59

23-984

24-1020

18

3.7

0.68/0.076(unc)

HR->C

Middleoccipitalgyrus

L

143

-29-964

-30-1000

18

3.6

0.013/0.01(unc)

HR+>C

NSA

HR->HR+

NSA

C<HR-

NSA

1ResultspresentedatheightthresholdpO.OOl,spatialextent20,zscores>3,zstatisticsignificantatpcorrectedformultiplecomparisons,unlessotherwisestated(i.e.unc =puncorrectedformultiplecomparisons. 489



Table61:Maximaofsignificantwithingroupdifferences(randomeffects)inbrainjMRIresponsebetweencorrectrecognition(old)responsesrelativetocorrectrejection (new)responses. Group comparison: Cold>Cnew

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Tournoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

C

Parietallobe,postcentralgyrus
L

100

-63-1943

-64-1848

2

4.0

0.1/0.005(unc)

HR-

Limbiclobe,parahippocampus
L

959

-15-4-13

-16-416

34

5.1

<0.001

Inferiorparietallobule

R

48

37-5943

38-6444

7

4.0

0.76/0.08(unc)

HR+

Middlefrontalgyrus

L

646

-4338-8

-4440-8

47

5.2

<0.001

Superiorfrontalgyrus(WM)
L

111

-2556-6

-2658-4

10

4.1

0.14/0.005(unc)

Superiorfrontalgyrus(WM)
R

86

-2557-6

2660-4

10

4.1

0.30/0.009(unc)

Cerebellum,anteriorlobe
R

66

35-53-29

36-54-38

4.0

0.52/0.02(unc)

Cerebellum,pyramis,posterior
L

78

7-77-29

8-78-40

3.7

0.38/0.016(unc)

Cnew>Cold C

Medialfrontalgyrus

L

79

-74516

-84620

4.5

0.31/0.01(unc)

Occipitallobe,lingualgyrus
R

196

15-46-2

16-48-6

19

4.1

0.009

Cerebellum,culmen

L

132

-19-52-9

-20-54-14

4.1

0.057

HR-

Occipitallobe,cuneus(WM)
R

349

21-8428

22-8826

5

<0.001

Occipitallobe,cuneus

L

282

-17-8622

-18-9020

18

4.8

0.005

Middletemporalgyrus(WM)
R

134

43-7818

44-8216

19

3.9

0.13/0.006(unc)

HR+

Orbito-frontalgyms

L

51

-850-30

-747-27

11

4.0

0.73/0.04(unc)

Superiortemporalgyms
L

54

-45-5715

-46-6014

22

4.6

0.69/0.04(unc)

Cerebellum,tonsil,posterior
L

56

-27-38-35

-28-38-44

4.6

0.66/0.04(unc)

1ResultspresentedatheightthresholdpO.OOl,spatialextent20,zscores>3,zstatisticsignificantatpcorrectedformultiplecomparisons,unlessotherwisestated(i.e.unc =puncorrectedformultiplecomparisons. 490



Table6J:MaximaofsignificantbetweengroupdifferencesinbrainfMRIresponsebetweencorrectrecognition(old)responsesrelativetocorrectrejection(new)responses Group comparison: CorrectOld> CorrectNew

Anatomy

Hemisphere

Clustersize(Ke)
Talairach Toumoux

xyz

MNI
xyz

BA

Z

Cluster-level Significance
(pcorrected)1

C>HR

NSA

C>HR-

NSA

C>HR+

NSA

HR>C

Inferiorfrontalgyrus(WM)
L

63

-45234

-46246

45

36

0.69/0.052(unc)

Middletemporalgyms

R

77

55-5-24

56-430

20/21

4.0

0.53/0.034(unc)

Cerebellum,culmen,anterior
L

61

-9-56-2

-10-58-6

3.5

0.71/0.05(unc)

Cerebellum,pyramis,posterior
L

58

-77-77-26

-8-78-36

3.9

0.74/0.061(unc)

Cerebellum,tuber,posterior
R

388

9-59-27

40 -60-36

4.4

<0.001

HR->C

Cerebellum,culmen,anterior
L

183

-1-46-6

-2^18-10

3.9

0.05

Cerebellum,culmen,anterior
R

202

27-53-17

28-54-24

3.9

0.03

HR+>C

Middletemporalgyms

R

106

55-5-24

56-4-30

20/21

4.6

0.29/0.01(unc)

Cerebellum,tuber,posterior
R

300

39-59-28

40 -60-38

4.4

0.005

Cerebellum,culmen,anterior
L

162

-29-53-17

-30-54-24

3.9

0.084

HR->HR+

Thalamus,ventralanteriornuc.
R

190

13-511

14-616

4.1

0.04

HR+>HR-

Middlefrontalgyms(WM)
L

96

-4336-3

-4438-2

11/47

3.6

0.36/0.02(unc)
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Table6K:Levene'stestofhomogeneityofvarianceofgroupsforencodingandretrievalresponsemeasures TestMeasures

Levene Statistic

dfl

df2

Sig.

Enclncorrect

.311

2

86

.734

Enccorrect

.247

2

86

.782

EncNoresp

1.989

2

86

.143

Retlncorrectresponsesmade

2.175

2

86

.120

RetCorrectresponsesmade

86

.857

.155

2

RetNoresp

2.550

2

86

.084

Falsepositives

.657

2

86

.521

Falsenegatives

.097

2

86

.908

TruePositives

.320

2

86

.727

Truenegative

.106

2

86

.900

Old

.076

2

86

.927

New

.401

2

86

.671

EncRT

.077

2

86

.926

RetRT

.308

2

86

.736

RTincorrect

.407

2

86

.667

RTcorrect

.062

2

86

.939

RTcorrectNew

.195

2

86

.823

RTcorrectOld

.020

2

86

.980
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Table 6L: Tests ofnormality at each level ofthe independent variable (C, HR- & HR+) for each

encoding and retrieval response measure

Test measure Symptom status Kolmogorov-Smirnov

Statistic df Sig.*
Enclncorrect CONTROL .444 21 .000

HR- .296 41 .000

HR+ .267 27 .000

Enccorrect CONTROL .444 21 .000

HR- .284 41 .000

HR+ .267 27 .000

EncRT CONTROL .323 21 .000

HR- .227 41 .000

HR+ .303 27 .000

Retlncorrect CONTROL .138 21 .200

HR- .124 41 .112

HR+ .134 27 .200

RetCorrect CONTROL .251 21 .001

HR- .169 41 .005

HR+ .143 27 .163

False negatives CONTROL .113 21 .200

HR- .118 41 .166

HR+ .225 27 .001

True Positives CONTROL .180 21 .073

HR- .110 41 .200

HR+ .117 27 .200

True negative CONTROL .143 21 .200

HR- .152 41 .018

HR+ .187 27 .017

Old CONTROL .191 21 .045

HR- .087 41 .200

HR+ .146 27 .148

New CONTROL .179 21 .078

HR- .114 41 .200

HR+ .127 27 .200

Ret RT CONTROL .234 21 .004

HR- .190 41 .001

HR+ .186 27 .018

RTincorrect CONTROL .195 21 .037

HR- .240 41 .000

HR+ .201 27 .007

RTcorrect CONTROL .290 21 .000

HR- .209 41 .000

HR+ .217 27 .002

RTcorrectNew CONTROL .213 21 .014

HR- .188 41 .001

HR+ .214 27 .003

RTcorrectOld CONTROL .241 21 .002

HR- .193 41 .001

HR+ .198 27 .008
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