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Preface  

 
The relationship between mental illness, cognition and violence has been long debated. 

Mentally ill offender’s exhibit exacerbated cognitive impairment and an increased 

involvement in violent incidences and offences as compared to non-mentally ill offenders. 

In response to increased risk of violence, accurate assessment and management of violence 

risk is the cornerstone of effective clinical practice and informs the majority, if not all, 

service-level decisions within forensic psychiatric settings.  Although there is extensive 

research examining the effectiveness and utility of risk assessments, very few have 

considered cognition as a relevant component despite the direct and indirect links to 

violence risk. Compounding these issues are empirical, conceptual and methodological 

caveats in previous work that is related to risk in mentally ill offenders.  

Notwithstanding research examining and providing evidence of the negative outcomes 

resulting from cognitive impairment, few studies have examined the course of cognition 

within this population, and even fewer have related these outcomes to violence risk.  The 

purpose of this thesis is to examine the longitudinal course of cognition in mentally ill 

offenders by reassessing a subset of individuals that underwent neuropsychological 

assessment while residing at Scotland’s high secure hospital in 2004-5.  We aim to 

examine how baseline cognitive abilities and course of cognition impact and relate to 

violence risk.  In addition, we propose to explore the impact of common comorbidities, 

namely head injury, alcohol misuse and substance misuse on course of cognition and 

violence risk. These findings will not only fill a gap in knowledge but also provide 

evidence that is clinically relevant for the treatment, assessment and management of risk.   

The first chapter will provide a general introduction to mentally ill offending populations, 

outlining the cognitive impairments1, the factors that impact cognition, and the impact of 

these impairments on violence risk. The subsequent three chapters will provide in-depth 

literature reviews specifically looking at (1) course of cognition in schizophrenia, (2) the 

impact of cognition on violence in forensic psychiatric populations and (3) additional 

factors that may influence cognition and/or violence risk.  These chapters will be followed 

by a conclusion summarising all three literature reviews, highlighting gaps that remain 

                                                           
1 Hereafter, the term cognitive impairment will be used interchangeably with the term cognitive deficit  
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within the literature and relevance to this thesis, and statement of the primary research 

aims and hypotheses.  

Subsequently, the thesis will be divided into methodology, result and discussion chapters, 

each containing study-specific sections based upon the two different studies conducted.  

The sixth chapter will overview the methodology outlining the measures employed and 

procedure of both studies.  The seventh and eight chapter will provide demographic details 

and results for the long-term follow-up study and national cohort study respectively.  The 

ninth chapter will discuss the results from both studies, commencing with the discussion 

of the long-term follow-up study.  This chapter will be divided into five sections, namely: 

description of patient sample of the long-term follow-up study and comparison to other 

samples, discussion of findings of the three long-term follow-up study hypotheses, and 

discussion of the findings of the national cohort study.   The final chapter will draw 

together all findings with an overall discussion and conclusion, followed by 

recommendations for future research, references and relevant appendixes.  
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Abstract  

Background: It is now well established that there are core cognitive impairments 

associated with a diagnosis of schizophrenia. In parallel with our increased understanding 

of these core deficits, our awareness that mentally ill offenders (MIOs) are at additional 

risk of cognitive impairment due to an increased rate of traumatic brain injury and 

substance abuse has also grown. Absent from the literature is evidence of whether these 

cognitive impairments change over longer periods of time in MIO’s and whether these 

changes, or baseline abilities, impact an individual’s risk of violence.  Furthermore, the 

negative impact head injury has on an individuals’ cognitive, behavioural and 

psychological functioning is well documented. These changes can lead to an increased 

likelihood of violence and crime, yet there is currently a scarcity of knowledge regarding 

the prevalence of head injury within mentally ill offenders in Scotland and its association 

with risk-related outcomes.  

Aims:  The aims of the present thesis were to; (a) Examine the course of cognition in 

N=49 mentally ill offenders who underwent neuropsychological assessment while in the 

State Hospital, Scotland in 2004-5, and assess whether baseline or change in cognition 

predicts violent incidents or risk at follow-up, and; (b) Examine the cross-sectional 

association between head injury, substance abuse and risk-related outcomes of all 

individuals within the forensic network in Scotland for whom data could be extracted 

(N=428).  

Hypotheses:  (a) We hypothesized that processing speed, verbal comprehension, working 

memory, delayed verbal memory, delayed non-verbal memory, impulsivity, inattention 

and problem-solving would decline over a 10-year period, and that deficits in impulsivity, 

emotion recognition, working memory and delayed memory would predict patients’ risk-

related outcomes in a sample of mentally ill offenders.  (b) It was also hypothesized that 

the presence of head injury and/or substance abuse within patients would predict worse 

risk-related outcomes, namely: quantity of violent offences, risk of harm to self, risk of 

harm to others and severity of violent offences. 

Analysis: We conducted a series of repeated measures MANOVAs, MANCOVAs and 

hierarchical linear regressions in SPSS Statistics to test our hypotheses. Individuals with 

a primary or secondary diagnosis of a learning disability were excluded.  
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Results: (a) Our results propose that cognitive abilities significantly change over time 

(F(1.51, 30.1) = 5.98, p = .011), but direction of change is ability dependent. We found 

that impulsivity (Effect Size (ES) = .253), inattention (ES = .233), working memory (ES 

= .288) and auditory delayed memory (ES= .268) worsen over time. Measures of 

impulsivity and working memory significantly predicted some, but not all, risk-related 

outcomes, however these effects became diluted once additional variables with shared 

variance were added into the predictive models. We did not find that traumatic brain injury, 

substance misuse or alcohol misuse significantly mediated change in cognition over time.  

(b) In the national cohort study, results suggested that head injury had a significant effect 

on HCR total scores, F(1,259) = 6.679, p = .010 (partial eta square = .025), violence during 

admission (χ2 = 5.545, p = .022) and violent offences at a .1 p-value only, F(1,259) = 3.495, 

p = .063 (partial eta square = .013).  Drug misuse only had a significant impact on total 

violent offences, F(1,259) = 8.933, p = .003 (partial eta square = .033) and nothing else.  

Furthermore, the interaction between alcohol misuse and schizophrenia also only had 

impact on total violent offences, F(1, 259) = 7.516, p = .007 (partial eta square = .028). 

Head injury was not significantly associated with either historical or current self-harm, 

however alcohol misuse, drug misuse and schizophrenia were.  

Conclusions:  Our results highlight the unstable nature of cognition in mentally ill 

offenders and the impact that head injury has on violence-related outcomes, over and 

above substance misuse and a diagnosis of schizophrenia. This has potentially renovating 

implications for clinical practice regarding risk management, assessment, and treatment 

planning.  
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Lay Abstract 

We know that individuals diagnosed with a severe mental illness who have committed a 

crime (forensic psychiatric patients) are more likely to have problems with their memory, 

problem solving, ability to recognise emotions, and other thought processing-related 

abilities.  These abilities are called cognitive abilities.   These individuals are also more 

likely to have had a head injury and/or alcohol and drug misuse problem, which can also 

have impact on cognitive abilities.  Problems with these abilities are linked to violence 

and crime, however we do not know if these abilities change over time and how they are 

linked to violence and crime in forensic psychiatric patients.   This study looked at if 

cognitive abilities change over 10-12 years and if these abilities or changes in abilities 

were related to violence in this population.  We also wanted to find out if head injury, drug 

or alcohol problems influenced cognitive change or violence.  

Our results suggest that certain parts of memory and attention get worse over time, but 

that problem solving and how quickly someone can process information get 

better.  Certain measures of attention and memory were related to violence.  Head injury, 

alcohol and drug problems were found to have an impact on violence in a larger sample 

of all individuals that are in the forensic network in Scotland.   

In conclusion, our results suggest that cognitive abilities do change over time and some of 

these abilities might be helpful in predicting violence.  However, in order to confirm these 

findings these questions need to be looked at again in other groups of forensic psychiatric 

patients. 
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CHAPTER 1.  

General Introduction 

The rate of violent behaviour in inpatient mental health settings is proportionately higher 

as compared to community mental health settings, with evidence suggesting that up to one 

half of inpatients exhibit violent or assaultive behaviour while in the hospital (Flannery et 

al., 2014; Arango et al., 1999; Daffern, Mayer & Martin, 2003). Subsequently, violence 

and aggression within inpatient settings can have an adverse effect on treatment settings, 

work contentment and productivity and can result in a negative atmosphere in the 

environment (Daffern, Mayer & Martin, 2003). Such burdens can also prevent treatment 

success and patient recovery.  

Mentally ill offenders (MIOs) represent a subset of the population with exasperated 

cognitive deficits, behaviours and clinical risk factors that are generally misunderstood 

and subsequently difficult to treat and rehabilitate. The economic burden driven by this 

population is evident, with secure services and Psychiatric Intensive Care Unit (PICU) 

services acting as the largest area of investment in mental health of working-age adults in 

the UK (National Survey of Investment in Mental Health; Wilson, James & Forrester, 

2011).  Secure service and PICU costs approximately £1 billion annually - more than 

double home support services and psychological therapy services combined.  Further, 

length of stay on secure wards also has impact on patient quality of life (Skipworth et al., 

2006). This trend is likely to continue until recidivism is better understood and successful 

treatment outcomes are demonstrated. Indeed, the explanation of behaviours, outcome and 

violence risk of MIO’s has been an ongoing debate amongst researchers and health 

professionals alike. Identifying risk factors that precede behaviours and criminal activity 

thus enabling foreshadow of re-offending is pivotal in the reduction of both the economic 

and emotional burden at an individual and societal level.  

1.1 Cognitive impairment  

The most common psychiatric diagnosis in high secure hospitals in the United Kingdom 

is schizophrenia (Walsh et al., 2002; Harty et al., 2004), a diagnosis that often is 

accompanied by multiple cognitive discrepancies, namely processing speed, attention, 

working memory, verbal and visual learning and memory, reasoning and problem solving, 

verbal comprehension and social cognition deficits (Nuechterlein et al., 2004). These 

deficits are considered likely to affect all those given the diagnosis and to average a deficit 
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of one to two standard deviation below predicted pre-morbid functioning (Dickinson, 

Ramsey & Gold, 2007; Keefe, 2008).  

Compounding these deficits is the likelihood of an increased prevalence of head injury, 

although few studies have been conducted specifically on forensic psychiatric patients. 

Traumatic brain injury (TBI) is a type of head injury broadly defined as a functional and/or 

structural disruption to brain function from an exterior physical force resulting in direct 

disturbances of cognitive or neurologic functioning, and can be categorized as mild, 

moderate or severe (Wortzel, Brenner & Arciniegas, 2013). There is a high prevalence of 

TBI in psychiatric hospitals (Colantonio et al, 2007; Martell et al., 1992). Research 

suggests those with TBI are likely to be at an increased risk of neurocognitive inefficiency 

(Williams, Potter & Ryland, 2010) with average scores of up to two standard deviations 

below the normative mean (Bailie et al., 2012), and are more likely to evidence decline 

(Himanen, 2006).  

In addition to the cognitive deficits associated with a diagnosis of schizophrenia and an 

increased rate of head injury, forensic psychiatric inpatients are also considerably more 

likely than the general population to meet the criteria for substance abuse or dependence 

(Lumsden et al, 2005; Phillips & Johnson, 2003; Chandler et al., 2009), which is also 

associated with neuropsychological damage across a wide range of cognitive domains 

(Van Holst & Schilt, 2011; Fernández-Serrano, Perez-Garcia & Verdejo-Garcia, 2010; 

Ralevski et al., 2012). Moreover, psychiatric patients are often exposed to multiple 

psychotropic medications, which have been shown to be associated with cognition and 

rates of violence, for long periods of time (Topiwala & Fazel, 2014; Meltzer & McGurk, 

1999), although the debate regarding the direction of longitudinal impacts on cognition is 

ongoing.  Based on these findings, mentally ill offenders appear to be subject to a multi-

layered basket of risk factors, on top of diagnosis, that make them susceptible to cognitive 

impairment. 

1.2 Cognition and violence risk  

The relationship between cognitive deficit, violence and aggression in mental illness is 

well documented (Grisso et al., 2000; O’Rourke, 2012).  In addition to the direct link 

between cognitive impairment on risk of violence, there are multiple ways in which 

neuropsychological impairment indirectly influence violence and aggression, namely 
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treatment progression (Fishbein et al., 2006), treatment gains (Green et al., 2000), 

treatment engagement and functional outcome (Granholm et al., 2008).    

The standardized measures for assessing risk within MIOs have been predominantly based 

on static variables, such as maternal education, age of criminal activity onset, SES, gender, 

etc. Lacking in current risk assessments is measurement of cognitive impairments despite 

evidence that these impairments relate both directly and indirectly to violence risk 

(O’Rourke, 2012). Furthermore, recent research has offered insight into dynamic factors, 

such as cognitive components, that may contribute to, or promote certain behaviours and 

predict risk in mentally ill offenders. Indeed, predictive accuracy of inpatient violence 

increased when both static and dynamic risk factors are used rather than primarily static 

(Vitacco et al., 2012).  

Cognitive mechanisms and deficits represent dynamic risk factors that are substantially 

under-examined. Neuropsychological deficits have been found to predict treatment 

responsivity, readiness, gain and completion over and above any background measure as 

well as employment problems and co-morbid substance abuse (Fishbein, 2006; Kurtz, 

2011; Kurtz et al., 2008).  Furthermore, the relationship between cognition and a variety 

of measures of functional outcome have been evidenced both cross-sectionally and 

longitudinally (Green, Kern & Heaton, 2004; Fett et al., 2011). Further, Zaytseva and 

colleagues (2010) concluded that neurocognitive deterioration is related to relapse and a 

negative course of illness creating an impact on risk. From this evidence it is apparent that 

dynamic, neuropsychological components play a crucial role in the behaviour and 

outcomes of MIO’s and are therefore likely to enhance the assessment of risk. 

1.3 Course of cognition  

Given that cognitive impairments appear to be both direct and indirectly associated with 

violent offending and functional outcome, it is important that we understand their status 

over time. However, research examining the course of neuropsychological deficits is 

scarce and findings on cognitive course within mentally ill populations are inconsistent. 

Those that do exist tend to employ cross-sectional designs, shorter follow-up periods (< 1 

year) and often yield contradictory findings.  There is a known linear relationship between 

reoffending and duration of follow-up (Harris, 2000) in which up to 80% of forensic 

patients are readmitted within 15 years after release (Skipworth et al., 2006). As such, 



10 
 

longitudinal studies with lengthier follow-up periods are needed in order to assess if 

changes in cognition occur, and if these changes contribute to this heightened recidivism. 

Despite the inconsistency of findings in this area, we do know that neurocognitive 

functioning changes over the course of illness, whether it be improvement or deterioration 

(Stirling et al., 2003). However, it is unclear as to which factors or covariates affect this 

relationship, and it is likely that this will vary on a patient-by-patient basis. Identification 

of which cognitive functions are likely to change over time, and what variables such as 

treatment and co-morbidities differentiate those who deteriorate to those who improve or 

remain stable, may help to elucidate this gap in knowledge and is essential in the tailoring 

of treatment and risk management techniques. 

1.4 Summary  

Comprehensive neuropsychological assessments and research provide a basis by which 

we can examine, manage and predict risk, rehabilitation and overall outcome (Marceau, 

Meghani & Reddon, 2008).   Despite the apparent importance of examining 

neuropsychological abilities in mentally ill populations, minimal literature exists 

examining neuropsychological profiles of MIOs. Particularly lacking is research 

examining long-term trajectories of neuropsychological deficits, which would enable 

identification of cognitive stability or decline within this population and aid the prediction 

of violence risk. If the multiple co-morbidities observed in MIOs make them uniquely pre-

disposed to cognitive deterioration, such a finding would have significant implications for 

the prediction of an individual’s future risk, their requirement for monitoring and their 

treatment planning. There would also be considerable implications for service planning 

across all levels of secure services.  

Two systematic literature searches were conducted to examine both the course of cognition 

and impact of cognition on risk-related outcomes in mentally ill offender populations.  To 

our knowledge there are no studies to date that have examined longitudinal course of 

cognition (> 1 year) in mentally ill offenders.  Therefore, due to the lack of findings, a 

meta-analysis was conducted examining the course of cognition in schizophrenia instead, 

as schizophrenia is the most common primary diagnosis in mentally ill offender 

populations. Subsequently, a systematic literature review was conducted examining the 

impact of cognition on risk of violence in mentally ill offenders, followed by a chapter 

discussing additional factors – namely head injury, substance abuse and medication – that 
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are speculated to have impact on course of cognition and/or violence risk within this 

population.  Finally, a summary will be provided outlining the findings of all three reviews 

in relation to the current study, methodological limitations, and the aims and primary 

research questions of this thesis.   
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CHAPTER 2 

A Systematic Review and Meta-Analysis of Long-term 

Neuropsychological Outcomes in Schizophrenia 

 

2.1 Introduction 

The cognitive deficits associated with schizophrenia spectrum disorder are well 

documented, and the negative impacts on functional- and risk-related outcomes resulting 

from these deficits are widespread.  Approximately 20-60% of variance in functional 

outcome is believed to be attributable to neurocognition, and it has been suggested that 

cognitive abilities may be more associated with functional outcome than symptomology 

(Green et al., 2000).  Furthermore, measures of cognitive ability have been shown to be 

predictive of social functioning, work/education functioning, residential status, quality of 

life and global functional status (Shamsi et al., 2011; Green et al., 2000; Granholm et al., 

2008; Mackala et al., 2014), emphasizing the breadth of impacted outcomes.   

In addition to the impact on functional abilities, there exists a relationship between 

cognitive deficits and a patients’ ability to engage with, and benefit from, therapies.  

Intuitively, impairments in verbal learning and memory, executive functioning and 

attention may impact on a patient’s ability to benefit from therapy, as these are all 

cognitive domains engaged during standard psychological treatments, such as cognitive 

behavioural therapy. Emphasizing this relationship is evidence suggesting that 

neuropsychological deficits are predictive of treatment responsivity, readiness, gain and 

completion in forensic populations (Fishbein, 2006; O’Rourke 2012). 

The economic costs associated with heavier use of services, often influenced by poor 

functional outcomes or treatment failure, are evident. In 2012, the Schizophrenia 

Commission reported the average societal cost of schizophrenia in England to be £11.8 

billion annually, with an additional £7.2 billion annual public sector cost (Andrews et al., 

2012).  This breaks down to an approximate combined societal and public sector annual 

cost of £96,000 per person with schizophrenia. These costs are largely attributable to 

inpatient care, health and social care, and excess unemployment.  Indeed, these areas 

themselves are often consequences of the poorer functional outcomes that associated with 

cognitive deficit, namely: disrupted education, disrupted/loss of employment, 

homelessness, substance misuse, societal stigma and treatment efficacy.  In a UK based-
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study examining the costs associated with cognitive deficits in schizophrenia, average 

public sector costs over a 6-month period was £90,468 ($142,944) per person and it was 

suggested that cognitive improvement in individuals with schizophrenia and severe 

cognitive impairment may have substantial indirect impact on costs (Patel et al., 2006).  

However, only a model with cognition as a singular construct showed a significant 

relationship with costs, whereas a model with separated independent components of 

cognition did not. 

Given that cognitive impairment appears to contribute to a range of key performance 

indicators in schizophrenia, namely functional outcomes and treatment engagement, with 

associated economic burdens, it is important that we understand their status over time. 

However, research examining the longevity of neuropsychological deficits is scarce and 

findings on cognitive change within mentally ill populations are inconsistent.  Historically, 

the majority of the literature suggested that there is no evidence of progressive 

neuropsychological decline after the onset of schizophrenia (Heaton et al., 2001; van 

Winkel et al., 2006). However, contrasting findings propose that factors such as early 

traumatic experience, perinatal insults, neonatal lesions and epigenetic contributions may 

disrupt brain development and accelerate disease progress facilitating neurodegeneration 

in patients with schizophrenia (Archer, 2010).  Zaytseva et al. (2010) found mixed results 

whereby individuals with both good and poor psychiatric outcomes at 5-year follow-up 

showed neurocognitive deterioration at some point during the timespan.  However, those 

with good clinical outcome showed less cognitive deterioration at remission, suggesting 

differential outcomes were based on the magnitude, rather than presence, of mental illness, 

and that perhaps observed deteriorations may not be static but vary according to current 

symptomology and engagement in support.  

While the importance of understanding the course of cognition in schizophrenia is 

apparent, there remains a large variety of findings regarding the direction and magnitude 

of neuropsychological change, as well as specification of which abilities are impacted, 

with little consensus as to why these variabilities exist.  Comprehensive 

neuropsychological assessments and research provide a basis by which we can examine, 

manage and predict risk, rehabilitation and overall outcome (Marceau, Meghani & Reddon, 

2008). 



15 
 

Identification of which cognitive abilities change within this population through 

neuropsychological assessment, and what variables differentiate those who deteriorate, 

improve or remain stable, may help to elucidate this gap in knowledge and is essential in 

the tailoring of treatment and risk management techniques. Furthermore, results would 

also have considerable implications for service planning across all levels of secure services.  

Discussion of current systematic reviews & meta-analyses 

In comparison to short-term follow-ups (i.e. 1 year), there is a paucity of research 

examining long-term change in neuropsychological abilities within schizophrenia 

spectrum populations.  This is in part due to the prevalent barriers of conducting 

longitudinal studies with this population, such as high rates of mortality and loss to follow-

up.  As a result, longitudinal studies are often both high cost- and time-intensive and yield 

low sample sizes suggesting unreliable results.   

A larger number of cross-sectional studies exist that examine neuropsychological change 

by comparing the cognitive abilities of two or more demographically and clinically similar 

groups of individuals that differ according to age or time since diagnosis.  This 

methodology requires substantially less time and often less funding resulting in 

comparably minimal issues regarding mortality and dropout rates, and enables the 

examination of discrepancies between cognitive abilities at different ages.  However, 

cross-sectional designs confine the period of time in which data is collected and therefore 

cannot take into consideration events that occur prior to or following data collection.  This 

type of design is also often criticised due to the increased impact of extraneous and 

confounding variables on results.   Although longitudinal designs also cannot control for 

all events occurring between time point A and B, there is a reduction in confounding 

variables regarding patient history if measurement is completed on the same individual at 

two time points rather than two separate individuals at one point in time.   

Most of the existing longitudinal reviews and meta-analyses have a minimum follow-up 

period of 1 year and many included cross-sectional studies.  Our search revealed only one 

review paper that examined longitudinal changes in schizophrenia with a minimum 

follow-up period of over 3 years (Shmukler et al., 2015).  In line with previous opinions, 

the authors concluded that there is great variability amongst research examining the course 

of cognitive deficits within this population.  However, this paper included ultra-high risk 

and birth cohorts in addition to first-episode (FE) and patients diagnosed with chronic 
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schizophrenia.  Additionally, results were not meta-analysed, but rather systematically 

reviewed.  As such, meta-analytic findings of studies that examine longitudinal outcomes 

in patients diagnosed with FE/chronic schizophrenia are lacking.  In order to determine 

which cognitive abilities change over time, and to what extent, a meta-analytical 

examination of studies that longitudinally assess cognitive change is required. 

Cognitive domains of interest 

In order for meta-analytic findings to have reputable, clinical implications, domains that 

are separable and prevalent in schizophrenia must first be depicted.  In developing the 

Measurement and Treatment Research to Improve Cognition in Schizophrenia 

(MATRICS) consensus cognitive battery, Nuechterlein and colleagues (2004) evaluated 

empirical evidence, specifically factor analytic studies, examining cognitive domains in 

schizophrenia.  Cognitive domains were then ranked by a large panel of experts in the area 

(Kern et al., 2004) and authors determined seven distinguishable cognitive abilities that 

are fundamental to schizophrenia, namely: Speed of processing, attention/vigilance, 

working memory, verbal learning and memory, visual learning and memory, reasoning 

and problem solving, and social cognition.   

For the purpose of this review, we included all core seven deficits and further widened our 

scope to include the broader umbrella terms of learning, memory, and executive 

functioning.  This decision was made based upon the scope and breadth of the literature 

available, thus enabling the inclusion of studies that had not reported their results at a level 

of specific cognitive domain.  Our aim was to be inclusive of any neuropsychological 

measure included in follow-up studies of > 3 years in schizophrenia.  A brief overview of 

the domains included are as follows:  

Processing speed  

Processing speed refers to the speed at which an individual achieves different cognitive 

tasks.  To measure this construct, individuals are typically assessed on the number of 

simple-task trials they can complete over a specified brief period of time.  Common 

examples include the Trail Making Test A (TMT-A) and Wechsler Adult Index Scale 

(WAIS) digit symbol coding subtest.  Meta-analytical findings have depicted processing 

speed as one of the central cognitive deficits in schizophrenia (Dickinson, Ramsey & Gold, 

2007).  Despite the simplicity of measurement techniques, processing speed is 

fundamental to many higher cognitive operations including working memory, decision-
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making, perceptual processes, and encoding and retrieval operations (Dickinson, Ramsey 

& Gold, 2007; Bowie et al., 2008).   

Verbal fluency, although historically not used to measure speed of processing, has been 

found to commonly load on processing speed in factor analytic findings (Nuechterlein et 

al., 2004).  For the purpose of this review, verbal fluency will be examined both as a 

component of processing speed and separately.  Verbal fluency tests measure the number 

of words an individual can generate either starting with a given letter or belonging to a 

given category, within a set time period.  Verbal Fluency tests are often employed as part 

of a screening for degenerative brain diseases, such as Alzheimer’s or dementia, which are 

believed to be additive complications of schizophrenia (de Vries et al., 2001).   

Attention 

 

Attention is one of the most complex cognitive processes to define based upon the wide 

array of cognitive functions it both includes and is impacted by.  Attention is believed to 

be a vulnerability marker for psychosis-related psychiatric diagnoses (Mullet et al., 2007) 

and has been linked to progress in psychological treatments and employment-based 

programmes (Kurtz, 2011).  

Sustained attention, also known as vigilance, is ones’ ability to remain focused on a 

specific stimuli or set of stimuli for an extended period of time (Chan, Yip & Lee, 2004 

as cited in Mullet et al., 2007).  This component of attention that enables the measurement 

of impulsivity, behaviour in which one exhibits a lack of consideration of consequences 

and absence of restraint and therefore is subsequently associated with a decreased 

inhibitory control over behaviours (Bevilacqua et al., 2010; Harris, Rice & Quinsey, 1993). 

Selective or focused attention is ones’ ability to focus on one or a set of stimuli while 

overturning alertness for distractor stimuli (Lezak, 2004). The majority of assessment tools 

measure sustained attention and employ a continuous performance task format whereby 

individuals are asked to respond to a stimulus or set of uninteresting stimuli and avoid 

others for a sustained period of time.  The Connors continuous performance task (CPT) is 

one of the most commonly used assessment tools that assesses multiple facets of attention 

and impulsivity (Connors, 2009). 
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Learning & Memory 

Learning and memory are cognitive constructs that have been extensively researched in 

relation to functional outcome and origin of impairment, including examination of 

impairment resulting from brain injury or mental disorder.  Certain components of learning 

and memory are directly associated with functional outcomes (Green et al., 2000) and 

progress in treatment and rehabilitation (Kurtz et al., 2011).   

Learning and memory can be divided based upon the nature of input and/or cues (i.e. 

verbal versus nonverbal) as well as duration of recall (immediate or delayed).  Verbal 

learning and memory (VLM) is often examined as one construct, as opposed to divided 

into separate memory and learning components, as is the case with non-verbal learning 

and memory (NVLM).  Learning and memory impairment is apparent in schizophrenia 

(McKenna, Clare & Baddeley, 1995) and is among the most impaired cognitive domains 

(Saykin et al., 1994).  

Verbal learning and memory is ones’ ability to listen, analyse, understand, remember, and 

reproduce information presented verbally in order to solve problems and understand 

situations.  Evidence from multiple reviews and meta-analyses examining neurocognitive 

deficits in schizophrenia have emphasised that VLM is one of the most impaired cognitive 

functions in schizophrenia (Aleman et al., 1999; Toulopoulou & Murray, 2004).  This 

impairment has been documented throughout all stages of the illness (i.e. first episode 

through to chronic schizophrenia), and has been proven to be a significant predictor of 

community outcome, social skills and participation in treatment (Green et al., 1996; Kurtz 

et al., 2011). Furthermore, verbal learning has been linked to improvements in skill 

acquisition (Silverstein et al., 1998), levels of participation in therapeutic efforts (McKee 

et al., 1997), achievement in supported employment programmes (McGurk et al., 2003) 

and positive and negative symptom scores (Forbes et al., 2009).   

Non-verbal memory and learning is ones’ ability to encode, store and reproduce visual 

stimuli.  More simply put, it describes how an individual processes and learns visually 

presented information.  Non-verbal memory has an impact on many social- and 

communication-related functions, including situational awareness (i.e. reading a situation), 

identification of other individuals and relationships, emotion recognition, territoriality (i.e. 

what is ours versus others) and perception of power-balance in relationships (Egolf, 2007).  

Although deficits in NVLM are apparent in schizophrenia (Aleman et al., 1999; Tracy et 
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al., 2001) very few studies have examined NVLM abilities compared to VLM. However, 

meta-analytic findings have speculated that improvement correlates with decrease in 

positive symptoms in first episode patients (Bora & Murray, 2014).     

Immediate and delayed memory are often measured using immediate free- or cued-recall 

tasks, however few measurement tools examine solely these constructs.  For example, the 

California Verbal Learning Test (CVLT), The Rey-Osterrieth Complex Figure Test 

(ROCFT) and the Wechsler memory scale (WMS) all examine both immediate and 

delayed memory. Immediate memory is the ability to recall or recognise stimuli 

immediately after hearing or seeing it, whereas delayed memory is the ability to recall or 

recognise stimuli over a longer time period (typically > 20 minutes).  It has been suggested 

that substantial deficits in long-term memory abilities are common within this population 

(Holthausen et al., 2003; Rushe et al., 1999). 

Working memory 

Working memory is the ability to hold information for very brief periods, typically less 

than one minute, for the purposes of processing and manipulation, which greatly 

contributes to goal-directed actions (Baddeley & Hitch, 1974; Baddeley, 2000).  Working 

memory is required for any type of problem solving or proper decision making, as essential 

in many therapeutic efforts, and it is also linked to both attention and learning.  Multiple 

studies have examined the impaired process of working memory associated with a 

diagnosis of schizophrenia using fMRI imaging techniques and concluded that a working 

memory deficit is more prevalent in those diagnosed with schizophrenia as compared to 

controls (Pae et al., 2008; Barch, Carter & Braver, 2001).  Furthermore, the relationship 

between working memory and symptomology is mixed.  Although a decrease in negative 

symptoms has been shown to be associated with improvement in verbal working memory 

in first episode patients (Bora & Murray, 2014), Forbes and colleagues (2009) suggested 

that severity of both positive and negative symptoms were shown to have no impact on 

performance on working memory. 

Intelligence  

It is well documented that individuals diagnosed with schizophrenia are more likely than 

the general population to exhibit lower scores of intellect and learning abilities.  

Intelligence has been found to be a predictor of symptomology (Cernis et al., 2015) and 

risk of suicide (Webb et al., 2011), and an indirect predictor of social and occupational 
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functioning (Brill et al., 2009).  Furthermore, rates of intellectual functioning in 

adolescence are also known to be predictive of development of schizophrenia (Davidson 

et al., 1999) highlighting the importance of understanding how it may change or remains 

stable over time.   

Verbal intelligence is ones’ ability to employ language-based reasoning, such as reading, 

writing, reciting or conversing, to analyse problems or questions and provide solutions. 

The most common measure of verbal intelligence is the WAIS, which can be presented as 

index score VIQ or sub-components of this index score (comprehension, vocabulary, 

similarities, etc.).  VIQ deficit has been shown to be more pronounced in at-risk mental 

state for psychosis (Koutsouleris et al., 2012) as compared to healthy controls, and a 

decline in ability has been shown to precede the onset of psychosis in certain populations 

(Swillen, 2016).  These results suggest that a decline or deficit may be present pre-onset, 

but there is little research examining change after onset.  

Non-verbal, or performance intelligence (PIQ), is ones’ ability to acquire and analyse 

information presented in a visual or tangible manner without necessarily utilising words.  

Common measurement techniques include sub-test of the WAIS (block design, object 

assembly, picture arrangement) or Raven’s Matrices (Raven, Raven & Court, 2004).  Non-

verbal intelligence has been found to be predictive of development of schizophrenia from 

as early as 8 years of age (O’Carroll, 2000) as well as employment status in some studies 

(Kern et al., 2011) but not others (August et al., 2012).  

Executive functioning 

One of the most complex yet researched neuropsychological components is executive 

functioning (EF): a higher order cognition composed of an array of skills required for 

planning, initiation and regulatory control over goal-directed behaviours (Ross & Hoaken, 

2011).  The primary cognitive skills that compose EF are cognitive flexibility, strategy 

formation, attention, working memory, response monitoring and inhibition.  However, 

EF’s are also known to play a role in other important neuropsychological domains, 

including memory, visuospatial processing and language, highlighting the key role that 

EF’s play in many of the activities, behaviours and processes we employ on a daily basis. 

Alongside verbal learning, executive functioning is one of the most pronounced cognitive 

deficits associated with a diagnosis of schizophrenia.  Executive functioning has been 

linked to employment programme success (McGurk et al., 2003), treatment refractory 



21 
 

negative symptoms (Green, 1996) and functional outcomes (Kerns et al., 2008), and is 

present across all levels of disease progression (i.e. at-risk to chronic schizophrenia) 

regardless of age of onset (Kuperberg & Heckers, 2000; Breton et al., 2011; Holmén et al., 

2012).  Evidence has suggested that there is no link between severity of impairment and 

magnitude of improvement or response to cognitive behavioural therapy (Granholm et al., 

2008; Garety et al., 1997).  However, it is suggested that a reduction in negative symptoms 

results in accelerated improvement of EF in first episode populations, suggesting a 

possible EF improvement secondary to treatment (Bora & Murray, 2014).  Interestingly, 

Hoff et al. (1999) found the opposite in that decrease in positive, but not negative, 

symptoms associated with an improvement in executive functioning abilities.  In another 

review examining higher cognitive deficits (i.e., EF), authors suggested that these deficits 

and disorganized symptoms are both linked to similar brain regions and cellular 

abnormalities (Lesh et al., 2011).  

The two most commonly measured areas of executive functioning are cognitive flexibility 

(also known as set-shifting) and problem solving.  Cognitive flexibility is defined as ones’ 

ability to alternate back and forth between multiple task (Huizinga, Dolan & van der 

Molen, 2006).  The most common measures include the Wisconsin Card Sorting Task 

(WCST), Trail making test B (TMT-B) and the STROOP test.  There has also been an 

increase in the use of computerised assessment batteries, such as the CANTAB intra-extra 

dimensional set shift (IED) and attentional switching task (AST), for purposes of 

measuring cognitive flexibility / set-shifting.  Problem solving often involves 

representation of the problem(s), devising and executing a plan, and attempting solution(s).  

Measures of problem solving have been linked to progress in therapy, rehabilitation and 

employment programmes (Kurtz, 2011).  

Social cognition 

Social cognition encompasses how individuals see and think about themselves or others 

in social situations and environments.  One of the most commonly studied social 

cognitions is the aptitude to recognize different emotions in the facial expressions of others 

(i.e. facial affects) - facial affect recognition (FAR) – which is defined as the ability to 

identify and discriminate emotional expression of others (Malone, Carroll & Murphy, 

2012).  FAR is a basic requirement in order to engage in appropriate social behaviours and 

interpret social cues.  Furthermore, social cognition has been shown to have a strong, clear 
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relationship with functional outcomes in schizophrenia (Fett et al., 2011; Couture, Penn & 

Roberts, 2006) and has been found to be more associated with community functioning 

than neurocognitive functioning (Fett et al., 2011). Deficits in FAR have been 

demonstrated in psychosis and may be impaired for negative emotions specifically, 

whereby individuals misinterpret negative emotions such as fear/disgust/sadness (Malone, 

Carroll & Murphy, 2012).  Furthermore, a recent meta-analysis revealed that age, gender, 

changes in symptom severity and antipsychotic medications did not affect facial affect 

processing abilities, however this was based on only the pooled effects of only nine studies 

(Gabay, Kemptom & Mehta, 2015). 

Global cognition  

A generalized cognitive deficit has been associated with a diagnosis of schizophrenia for 

decades, with the common belief of the possibility of an overarching deficit primarily, 

coined cognitive dysmetria, caused by neurobiological disruptions that contributes to an 

impairment of all underlying cognitive domains (Andreasen, Paradiso & O’Leary, 1998). 

Depending on the purpose for conducting neuropsychological assessment (i.e., treatment 

efficacy, risk, treatment planning), many studies will choose to include measures of 

generalized cognitive impairment as opposed to specific domain outcome measurers.  

Common types of generalized cognitive deficit include global cognitive specific measures, 

namely the ADAS (Alzheimer’s disease assessment scale) or the MMSE (mini mental 

state examination), as well as generalized index scores derived from a battery of 

neuropsychological tests.  For the purpose of this review, both types of measurements will 

be included. 

Aims 

The present review aims to (a) examine neuropsychological change in schizophrenia 

spectrum disorders by employing a longitudinal design with a follow-up period of over 3 

years, (b) determine if length of follow-up and type of illness (First episode vs Chronic) 

has an impact on outcomes and (c) determine gaps in the literature and areas in need of 

further investigation. 
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2.2 Methodology 

Search criteria  

Systematic literature searches of EMBASE, PsychInfo, Medline, and Web of Science were 

performed for studies published within the year range 1990-2016 that were examining 

long-term follow-up of schizophrenia spectrum disorders, namely schizophrenia, first 

episode psychosis, and first episode schizophrenia.  Studies from peer-reviewed journals 

that were written in English were included.  The search was conducted between April – 

July 2016 utilising the following search terms: ("Schizo*" or "psychosis") AND 

("neuropsy*" or "cog*") AND ("Longitudinal" or "follow-up*" or "re-test*").  Reference 

lists of included papers were also reviewed for papers that had not been identified through 

the systematic literature search.  Only published articles were included in the final sample 

of studies. This study was registered on PROSPERO (study registration number: 

CRD42016042201) as suggested in the PRISMA checklist.  

Selection criteria 

Abstracts of all above papers were analysed according to the following inclusion and 

exclusion criteria:  

Inclusion criteria 

Longitudinal studies examining change in cognition with follow-up periods of 36 months 

or more were considered.  Participants had to have a DSM or ICD diagnosis of a 

schizophrenia spectrum disorder, namely schizophrenia, first episode schizophrenia or 

psychosis, and be over the age of 18 at both baseline and follow-up assessments. The 

cognitive ability(s) of interest had to be assessed using the same measure at baseline and 

follow-up. 

Exclusion criteria  

Studies with participants who had a primary diagnosis of intellectual disability or 

Parkinson’s disease were excluded to prevent skewed or falsely inflated outcomes that 

could result from the additive cognitive deficits associated with these diagnoses. Given 

the population examined in this thesis does not include many at-risk/ultra-high risk of 

psychosis or individuals under the age of 18, studies examining these diagnoses and age 

groups were excluded.  If articles that did not include data that was usable/transformable 
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for the purpose of this meta-analysis, authors were contacted.  Those that were unable to 

be contacted or did not wish to provide data were excluded. 

Data extraction 

For each study the following variables were extracted and coded (where available): Title 

of article, year of publication and name of first author; Cognitive tests used and outcome 

variables; Diagnosis; Age at baseline; Baseline N, mean (SD); Follow-up N, mean (SD); 

Average duration of follow-up.  Where there were multiple points of follow-up, only the 

longest period of follow-up > 3 years was recorded; Treatment dose and type at time of 

evaluations where available; Therapeutic intervention type and duration where available. 

The same variables were also recorded for control groups where available.  

Quality assessment 

To assess the quality of studies included, one independent reviewer completed full quality 

assessment on all studies included (SB), and another (SJ) completed full quality 

assessments on a subset of the studies included.  Studies were assessed using the following 

criteria adapted from Luppino et al.’s (2010) meta-analysis of longitudinal studies: 

sampling procedure, inclusion and exclusion criteria, description of characteristics of 

study population, loss to follow-up, prospective data collection, follow-up period, 

information on drop-outs, clinical diagnosis according to DSM-IV or equivalent, 

measurement consistency, measurement validation, selective outcome reporting, 

usable/transformable nature of the data.  Where there was disagreement quality assessment 

was undertaken by a third reviewer, and if disagreement on total subset of studies assessed 

exceeded 30% it was agreed that the entire group of papers would be assessed by both 

reviewers.  This step was not needed.  

Meta-analytic procedure & statistical analysis  

The current meta-analysis was conducted through MAVIS: Meta-Analysis Via Shiny 

v1.0.4 via R developed by Dr Atsushi Mizumoto, Kansai University.  This program 

provides support for both random and fixed effects models as well as calculating effect 

sizes, checking heterogeneity and detecting publication bias (Hamilton, Aydin & 

Mizumoto, 2014).   

All cognitive domains assessed throughout the studies included in this review were 

analysed separately to allow for identification of which cognitive domains might evidence 
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greater changes, providing more useful and relevant benchmarks for future research and 

treatment goals.  Individual test scores were extracted in addition to indices scores where 

these were available.  

Hedges g and sampling variance estimates were calculated for each individual variable 

included, whereby positive effect sizes indicate improved performance.  Heterogeneity 

was tested using the Q statistic and percentages of total heterogeneity and total variability 

were reported against the I2 statistic.  Higgins and colleagues (2003) state that, although 

there is no universal rule to cover definitions of mild, moderate and severe heterogeneity, 

they suggest that tentative values of low, moderate and high heterogeneity correspond to 

I2 scores of 25%, 50% and 75% respectively.  Furthermore, they also state that values less 

than 31% suggest small differences exist between effect sizes across studies (Higgins & 

Thompson, 2002) and therefore, in order to remain conservative in our analyses, values 

exceeding 35% were considered to depict significant heterogeneity.  Fixed and random 

effects forest plots were created for all cognitive domains assessed in order to identify 

outliers and estimated standardized mean differences.  Global effect sizes were only 

calculated for homogenous data using both random and fixed effects models.  Publication 

bias was assessed by the regression test for funnel plot asymmetry and the fail-safe N test 

suggested by Rosenthal (Rosenthal, 1991).  Where there was evidence of publication bias, 

p-values are reported.   

Moderator analysis and graphs were calculated for both fixed and random effects models 

in order to determine if length of follow-up and/or diagnosis had any impact on outcome 

if studies included at least two effect sizes.  Length of diagnosis was divided into two 

categories based upon median follow-up length of studies included (i.e., LT follow-

up: >=5 years; ST follow-up: < 5 years).  Diagnosis was divided based upon first episode 

(FE) populations and schizophrenia/psychosis populations (SZ).   

For comparison purposes, the same procedures discussed above were used to calculate 

effects in control groups, where available.   

2.3 Results 

Selection and description of studies 

A total of 107 articles were screened based upon the above inclusion and exclusion criteria, 

of which 70 were excluded for final analysis.  Exclusions were as follows; n=28 were 
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excluded due to length of follow-up period, n=5 only measured cognition at one time point, 

n=12 were not peer-reviewed publications, n=1 was not published in English and n=17 

did not have data that could be extracted for the purpose of analysis and authors could not 

be reached.   A total of 37 articles were included for the purpose of this literature review.  

See figure 1 for a description of study selection process (PRISMA; Moher et al., 2008).   

Of the 37 studies included, 13 examined first episode patients, 22 examined cohorts with 

a full schizophrenia spectrum diagnosis and two examined individuals with a general 

psychosis diagnosis. The average follow-up period was 5.63 years, ranging from 2.96 to 

10.7.  Fourteen studies included a control group, however only twelve of these included 

available or transformable data.  Thirty-four studies reported average age while the other 

three only reported age ranges.  The average age of the thirty-four studies included was 

35.84 (7.95) depicting a relatively young cohort of participants at baseline. Only 8 studies 

reported baseline and follow-up numbers, whereas the remaining 29 only included sample 

size for those who had completed both components of the study.  The average sample size 

at follow-up of all 37 studies was 100.2 (range 9 -1022).  However, one study had 

substantially higher sample size and when removed the average sample size declined to 

74.6.  Of the studies reporting differing samples at baseline and follow-up, the average 

completion rate was 58.9%, ranging from 20.2 – 85.3%. For full descriptive data on studies 

included and relevant acronyms, please see Appendix 1.  For data drawn from each study, 

as divided by cognitive domain, and individual study effect sizes please see Appendix 2.  

Forest plots of studies with homogeneous data are presented throughout. 
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Figure 1. PRISMA flow diagram: long-term follow-up 

 
 

 

Processing speed & Verbal fluency  

Processing speed & Verbal fluency  

When examined in combination, the data were heterogeneous Q(df=31) = 51.656, p-value 

= .011; I2 = 40.1%).  Therefore, processing speed and verbal fluency were divided and 

examined as separate domains.   
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Processing speed  

Four published studies examining processing speed were included in the meta-analysis. 

Three of these studies reported on speed of processing through the WAIS digit symbol 

coding test7,8,30 and the other reported on a processing speed index1.  Data were 

homogeneous Q (df = 5) = 2.349, p-val = 0.799; I2 = 0%) and both the fixed and random 

effects models (Hedge’s g = .290, p = .013, 95% CI [.519, .061]) were significant with a 

small effect size.  This indicates that processing speed abilities increase over time within 

this population.  There was no evidence of publication bias (p = .053) as determined by 

the regression test for funnel plot asymmetry and the fail-safe N test indicated 9 studies 

with an effect size of 0 would be required make the model non-significant (p = .005). 

Moderator analyses suggested that increase in abilities was apparent regardless of length 

of follow-up.  However, only the model for ST follow-ups was significant (p = .022), 

although there was only one study that was included in the LT category. As only one study 

was from an SZ population, it was not feasible to analyse the impact of type of illness.   

There were only three studies that reported healthy control findings. Data were found to 

be heterogeneous (Q(df = 2) = 4.186, p-val = 0.123; I2 = 52%) and both the random and 

fixed effects models were non-significant. 

Figure 2. Processing speed forest plot  
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Verbal fluency  

Eleven studies reported measures of verbal fluency.  The most common measure reported 

was the FAS7, 8, 41, 30,19,17, 21, followed by semantic fluency (including animal naming) tests 

19, 17, 8, the verbal fluency index16, WFT37, MAE oral world association test24 and the 

COWAT5.  The data were heterogeneous (Q(df = 26) = 115.202, p-val < .001; I2 = 85.8%), 

and the model was not significant.   

There was one outlier that, once removed, heterogeneity dropped down to 48%.  

Moderation analysis was conducted after removal of the outlier and suggested that the data 

were only heterogeneous for SZ populations (59%).  Data were homogeneous for FE 

populations (0%) the model was significant (hedges g = .272, p<.001, 95% CI [.402, .142]), 

suggesting an increase in abilities over time.  Moderator analysis showed that data were 

homogeneous for LT follow-ups (1%) and heterogeneous for ST (61%).  The model for 

LT follow-ups suggested a significant increase in ability over time (hedges g = .172, p 

< .001, 95% CI [.273, .072]). 

A secondary moderator analysis was conducted to see if FAS phonemic fluency, FAS 

semantic fluency (FAS animal or animal naming test), and non FAS tests had differing 

results.  Interestingly, data was only heterogeneous for FAS semantic tests (67%), but not 

for FAS phonemic fluency tests (33%) or other tests (0%).  Both the FAS phonemic 

fluency model (hedges g = .113, p = .039, 95% CI [.220, .006]) and non-FAS assessment 

model (hedges g = .180, p = .036, 95% CI [.349, .012]) were significant and suggested an 

increase in abilities over time.    

There was only one study that included healthy control group that examined verbal fluency.  

The effect size was .574 and the error was .116.  

Attention 

A total of 20 studies examined sustained attention across 9 different assessments, namely: 

CPT6,7,29,42,15,38, Digit Span (WAIS)37,8,4, 2, 42, CVLT Trial 116, letter cancellation24,37, 

MCT10, CANTAB RVP28, RPT response inhibition23, Auditory Attention Test41, and 

attention indices14,1,27.  Data were heterogeneous (Q(df = 24) = 38.570, p-val = 0.030; I2= 

48.7%). 

Moderator analysis suggested that there was a significantly higher heterogeneity for 

studies examining SZ populations (48%) as compared to FE populations (29%).  When 
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SZ studies were removed from analysis, the fixed model remained significant (Hedge’s g 

= .131, p < .026, 95% CI [.247, .016]) whereas the random effects model did not.  Analysis 

also suggested that heterogeneity of data was more apparent for LT (67%) as opposed to 

ST (0%) follow-ups, with LT and ST random effects models suggesting a significant 

increase over time (hedges g = .179, p = .009, 95% CI [.314, .044]; hedges g = .173, p 

= .005, 95% CI [.266, .085]). 

As a secondary analysis, moderator analysis was conducted examining type of assessment 

to examine if arguably purer measures of sustained attention, namely the CPT, produced 

different results than other assessments.  There was a relatively similar heterogeneity for 

studies examining the CPT (45%) versus those that did not (38%) and estimates were 

nearly identical, suggesting that there was no difference according to assessment type.  

Seven studies included healthy control groups. The data were found to be homogeneous 

(Q(df = 7) = 2.338, p-val = 0.939; I2= 0%) however the model was non-significant (hedges 

g = .156, p = .090, 95% CI [.335, -.024]) suggesting no change in abilities over time.  

Learning & Memory 

Global memory 

There were only three studies that reported on global memory outcomes.  All three studies 

assessed global memory using different measurements, namely the RAVLT29, WMS39 and 

an index comprised of subcomponents of the WMS8.  The data were heterogeneous (Q(df 

= 2) = 23.332, p-val < .001; I2 = 92.6%) and moderator analysis was irrelevant as only one 

study examined ST and FE.  

There was only one control group reported that examined global memory changes through 

the RAVLT29.   

Verbal learning & memory (VLM) 

Thirteen studies measured VLM across 8 different assessments/batteries and 2 index 

measures.  Assessments included the RAVLT6,29,41, WRMT words21, WMS paired 

associate total18, Word list learning17, CVLT5, 18, 33, CERAD19, MCCB verbal learning1, 

the Babcock story recall test30, and two studies reported an index measure27, 14.  The data 

were heterogeneous (Q(df = 20) = 92.24, p-val < .001; I2 = 81.4%). 
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Moderator analysis suggested data was heterogeneous regardless of length of follow-up 

or type of illness.  A secondary moderator analysis was conducted comparing verbal 

learning versus verbal memory where studies had specified one or the other.  Again, data 

was heterogeneous regardless of outcome measured.  Moderator analysis also found that 

only studies examining ST follow-ups had homogeneous data, however as there were only 

two studies out of the seven, results are not robust enough to be reported.  

Seven studies included healthy controls and reported results.  The data were heterogeneous 

(Q(df = 9) = 35.480, p-val < .001; I2 = 72.7%) and both models were non-significant.  

Non-verbal learning and memory (NVLM) 

A total of eight different measurement tools were used across ten different studies 

examining non-verbal memory that were included in this review MCCB visual learning1, 

RCFT visual memory6,7, Benton Visual Retention18, WRMT faces21 and Memory For 

Design21, SRM CANTAB28 , CNB face and spatial memory27, and WMS visual 

reproduction4. The data were homogeneous (Q(df = 11) = 18.17, p-val = .0778; I2 = 36.6%), 

and both the fixed (hedges g = .342, p < .001, 95% CI [.460, .224]) and random effects 

models (hedges g = .326, p < .001, 95% CI [48.240, .170]) suggested a significant increase 

in abilities over time.  There was no evidence of publication bias (p = .507) as determined 

by the regression test for funnel plot asymmetry and the fail-safe N test indicated 106 

studies with an effect size of 0 would be required make the model non-significant (p 

< .001).  

Moderator analysis suggested that, when separated into FE and SZ groups, data was 

homogeneous for both groups (13% and 0% respectively), however only the model for FE 

showed a significant increase in abilities over time (hedges g = .424, p <.001, 95% CI 

[-.554, .283]).  The model for SZ group was non-significant, however there were only two 

studies and three outcomes reported.  Data was heterogeneous when separated into ST and 

LT follow-up groups (49% and 40% respectively).  

A secondary moderator analysis was conducted to explore if assessment type, ROCFT 

visual memory or other, had an impact on results.  Data was homogeneous amongst studies 

employing the RCFT (0%) and those that did not (23%).  Although both types of 

assessments suggested a significant increase over time, the RCFT tests suggested a much 

greater increase (hedges g = .560, p < .001, 95% CI [.759, .362]) than other tests combined 

(hedges g = .223, p = .003, 95% CI [.369, .076]).   
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Five studies that reported non-verbal learning and memory on healthy controls were 

included in this review.  The data were heterogeneous (Q(df = 5) = 10.619, p-val < .059; 

I2 = 54.1%).   

Figure 3. NVLM forest plot 

 
Immediate memory 

Six studies reported on immediate or short term memory.  One study reported an index 

score30, two studies reported on CVLT short delay recall scores16, 33, two studies on the 

ROCFT immediate recall scores41, 37 and one study on WMS subtests18.  There was a very 

high rate of heterogeneity among the data (Q(df = 7) = 72.250, p-val < .001, I2= 97.8%).  

Moderator analysis suggested the majority of the heterogeneity was accounted for by FE 

populations (98% versus 30%) as compared to SZ populations. See figure 4 for graphical 

representation of findings.    

There was one significant outlier and once this was removed, the data for the entire model 

became homogeneous (Q(df = 6) = 7.276, p-val = 0.296; I2 = 17.6), however both the 

random and fixed effects models, although slightly positive, were non-significant (p=.362, 

p=.467 respectively).  Moderator analysis was unreliable as only one study had included 

FE after removing the outlier.  Moderator analyses was not possible for LT versus ST 

follow-ups as only one study fell under the ST follow-up bracket. 
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Four studies included healthy control samples.  The data were found to be heterogeneous 

7(Q(df = 5) = 40.316, p-val < .001; I2 = 96.7%). 

 

Figure 4. Immediate memory forest plot (outlier removed) 

 
 

 

Delayed memory 

Eight studies reported on long-term or ‘delayed’ memory.  One study reported an index 

score30, two reported on the CVLT long delay33, 16, three on the ROCFT visual delayed 

memory24, 37,41, one on word list delayed recall17 and one on WMS subtests18.  Again, the 

data were significantly heterogeneous (Q(df = 9) = 26.131, p-val = 0.002; I2 = 68.9%) 

suggesting a large variability across data.  

Moderator analysis suggested that there was a much greater variability across data looking 

at populations with a diagnosis of schizophrenia as compared to FE (73% versus 34%), 

however the model derived from FE data when separated out was non-significant (fixed p 

= .948).  Moderator analyses for LT versus ST follow-ups were not possible as only one 

study fell under the ST follow-up bracket.  
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Four studies reported findings on healthy controls.  Data were heterogeneous (Q(df = 5) = 

57.914, p-val < .001; I2 = 98.1%). 

Working memory  

A total of seven studies reporting working memory outcomes across 9 populations were 

included for the purpose of this review.  Working memory was measured across four 

different measurements and one index score1.  The most common assessment employed 

was the backward digit subtest of the WAIS7,8, 37, followed by letter number sequencing 

subtest of the WAIS8,37, SWM CANTAB28, 13, and spatial span CANTAB13 respectively. 

The data were homogeneous (Q(df = 10) = 11.953, p-val = 0.288; I2 = 12.9%) and both 

the random effects (Hedge’s g = .123, p = .108, 95% CI [.273, -.027]) and fixed effects 

(Hedge’s g = .121, p = .087, 95% CI [.260, -.018]) models suggested an increase in ability, 

however neither model reached significance. There was no evidence of publication bias 

(p = .552) as determined by the regression test for funnel plot asymmetry, and the fail safe 

N test indicated 3 studies with an effect size of 0 would be required to bring overall average 

weighted effect size to a non-significant value (p = .035). See figure 5 for graphical 

representation of findings.    

Moderator analysis suggested that studies examining FE were more likely to yield increase 

in abilities whereas those with a diagnosis of SZ were more likely to decline.  When 

examined separately, the fixed effects (Hedge’s g = .227, p - .010, 95% CI [.399, .055]) 

random effects model for FE was significant suggesting that working memory increases 

over time (Hedge’s g = .227, p = .01, 95% CI [.400, .054]) whereas for SZ both models 

were non-significant (p = .5238).  Moderator analyses also suggested that the majority of 

heterogeneity was amongst ST follow-ups (32%) as compared to LT (0%).  Only the ST 

follow-up group had a significant model (hedges g = .168, p = .046, 95% CI [.333, .003]).  

Three studies included HC groups.  Data were found to be heterogeneous (Q(df = 2) = 

5.812, p-val = 0.055; I2 = 67.2%) and neither model was significant.  
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Figure 5. Working memory forest plot 

 

 

Intelligence  

General intellect  

There were eight studies that examined general intelligence, as measured by subtests of 

the WAIS or WAIS revised, in a population diagnosed with schizophrenia.  The data were 

found to be homogeneous (Q(df = 7) = 4.784, p-val = 0.686; I2 = 0%) and both models 

suggested there to be a slight increase in ability over time (hedges g = .141, p = .059, 95% 

CI [.288, -.006]) that approached but did not attain a significance value of .05.  There was 

no evidence of publication bias (p = .619) as determined by the regression test for funnel 

plot asymmetry, and the fail safe N test indicated 0 studies with an effect size of 30 would 

be required to bring overall average weighted effect size to a non-significant value (p 

= .056).   

Although both SZ and FE data were homogeneous when separated out, moderator analyses 

found that neither model suggested as significant change over time according to type of 

illness.  Moderator analyses suggested that both LT and ST follow-up groups had 

homogeneous data, however only the LT group had a significant model (both random and 

fixed, random hedges g = .199, p = .041, 95% CI [.391, .009]). See figure 6 for graphical 
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representation of findings.     

There were only two studies that included control groups examining general intelligence. 

The data were homogeneous (Q(df = 1) = 0.522, p-val = 0.470; I2 = 0%) but neither model 

was significant. 

Figure 6. General intellect forest plot 

 

 

Verbal intelligence  

Seven studies examined verbal intellect through the WAIS VIQ18, 24, 41, and WAIS 

similarities2,8, vocabulary38, and information subtests42.  The data was homogeneous (Q(df 

= 6) = 7.962, p-val = .241; I2 = 0%) and both the fixed and random effects models were 

significant (hedges g = .166, p < .001, 95% CI [.254, .077]) and suggested an increase in 

abilities over time.  There was no evidence of publication bias (p = .974) as determined by 

the regression test for funnel plot asymmetry and the fail-safe N test indicated 13 studies 

with an effect size of 0 would be required make the model non-significant (p = .003). 

Moderator analysis suggested data was only homogeneous for the SZ group (0%) once 

studies were divided into SZ and FE groups.  Although there were only three studies in 

the SZ group, the model was significant and suggested increase in abilities over time 

(hedges g = .169, p < .001, 95% CI [.267, .071]).  Moderator analysis also suggested that 
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data for ST follow-up studies were more homogeneous (0%) compared to LT (48%).  The 

model for ST follow-up studies suggested an increase in abilities over time (hedges g 

= .174, p <.006, 95% CI [.254, .077], however there were only two studies included in this 

category.   

There was only one study that reported findings from control groups.  The effect size 

was .640 and (SV = .263). 

Figure 7. Verbal intellect forest plot 

 

Performance / Non-verbal intelligence  

There were six studies that examined non-verbal learning utilising two different 

measurement outcomes, namely WAIS PIQ24, 41 and WAIS subtests2, 21, 38, 42.  The data 

were heterogeneous (Q(df = 9) = 41.78, p-val < .001; I2 = 88.6%).    

Moderator analysis suggested that data was only heterogeneous for FE group (81%) but 

not the SZ group (0%).  The model for SZ suggested a significant increase in abilities over 

time (hedges g = .168, p <.001, 95% CI [.238, .098]).  Similarly, moderator analysis 

suggested that data was only heterogeneous for LT follow-up periods (77%) but not ST 

follow-up periods (0%).  The model was significant for ST follow-ups and suggested a 

decline in abilities over time (hedges g = .168, p <.001, 95% CI [.238, .098]).  There was 

no evidence of publication bias.  
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There were no studies that reported findings on control groups.  

Executive functioning   

Cognitive flexibility (CF) / Set-shifting (SS) 

A total of 19 studies reported in CF/SS. The primary measures of set-shifting/cognitive 

flexibility include TMT-B and WCST, with the majority of studies included in this review 

employing one of these two assessments. Other tests included CANTAB subtests – 

attentional set shift13, ID/ED 28,12, STROOP (words read30, colour name30 and colour-word 

inference30, 8), and the RST accuracy cost42.  Data was found to be heterogeneous (Q(df = 

64) = 172.682, p-val < .001; I2= 68.5%) and the models were both non-significant.  

Moderator analysis suggested most of the heterogeneity was amongst FE populations, and 

when SZ was separated out the model suggested a significant decrease in abilities over 

time with a small effect size (hedges g = -.094, p = .007, 95% CI [-.026, -.163]).  There 

was no evidence of publication bias (p = .691) as determined by the regression test for 

funnel plot asymmetry, and the fail safe N test indicated 0 studies with an effect size of 30 

would be required to bring overall average weighted effect size to a non-significant value 

(p = .180).  Moderator analysis suggested that data were heterogeneous regardless of 

length of follow-up and only the fixed effect model for LT follow-up was significant 

(hedges g = .105, p = .034, 95% CI [.202, .008]).  

A secondary moderation analysis was conducted to examine the impact of type of 

assessment on outcomes. Studies were divided into four assessment groups – CANTAB, 

TMT-B, STROOP and WCST.  Only TMT-B emerged as having homogenous data (35%) 

and the model was significant (hedges g = .219, p = -.049, 95% CI [-.001, -.436]) 

suggesting a decrease in abilities over time.  

Five studies included healthy controls.  The data were homogeneous (Q(df = 26) = 32.462, 

p-val = 0.178; I2 = 27.7%) however both models were non-significant.  There was no 

evidence of publication bias (p = .822) as determined by the regression test for funnel plot 

asymmetry, and the fail safe N test indicated 0 studies with an effect size of 30 would be 

required to bring overall average weighted effect size to a non-significant value (p = .267). 

Problem solving / Strategy formation  

A total of seven studies reported outcome measures related to problem solving and/or 

strategy formation. The most common types of assessments were computerised batteries, 
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namely the CANTAB SOC13, 28 and CNB abstraction 27.  The Iowa Gambling Task was 

used by one study7, MCCB by another1, and a self-computed problem solving index by 

another two6, 14.  Scores were moderately heterogeneous (Q(df = 12) = 21.741, p-val = 

0.041; I2 = 42.9%).  

Moderator analysis suggested that the variability was due to combining FE and 

populations diagnosed with schizophrenia, and when separated out data became 

homogeneous for both populations.  However, only the model for FE patients was 

significant (hedges g = .400, p <.001, 95% CI [.557, .244]).  Heterogeneity was only 

apparent in LT follow-up studies (51% versus 0%), and both fixed effects models for LT 

(hedges g = .314, p = .007, 95% CI [.540, .087]) and ST (hedges g = .174, p = .011, 95% 

CI [.307, .040]) were significant and neither random effects model was significant when 

separated out.  

Four studies reported scores of healthy control groups.  The data were homogeneous (Q(df 

= 3) = 1.254, p-val = 0.740; I2 = 0%) and both the fixed and random effects models were 

significant (hedges g = .481, p <.001, 95% CI [.737, .225]).  There was no evidence of 

publication bias (p = .775) as determined by the regression test for funnel plot asymmetry, 

and the fail safe N test indicated 16 studies with an effect size of 30 would be required to 

bring overall average weighted effect size to a non-significant value (p < .001).   

Social cognition 

Only four studies reported on measures of social cognition, and only three of these 

reported on emotional processing specifically37, 42, 27.  The other study reported on the 

MCCB social cognition index1.  The data was found to be homogeneous (Q(df = 3) = 

2.980, p-val = 0.395; I2 = 0%) and the model was significant (hedges g = .1391, p <.001, 

95% CI [.213, .065]) suggesting an increase in abilities over time.  There was no evidence 

of publication bias (p = .709) as determined by the regression test for funnel plot 

asymmetry, and the fail safe N test indicated 0 studies with an effect size of 8 would be 

required to bring overall average weighted effect size to a non-significant value (p = .0026).  

Moderator analyses were suggested ST follow-ups were homogeneous and the model was 

significant (hedges g = .146, p < .001, 95% CI [.221, .072]).  However, there was only one 

study that reported over a LT follow-up period. Moderation analyses regarding type of 

illness suggested SZ groups had homogeneous data, however the model was non-
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significant.  As only one study examined FE population, moderation was irrelevant. See 

figure 7 for graphical representation of findings. 

Two of these studies included control groups.  The data were homogeneous (Q(df = 1) = 

0.487, p-val = 0.485; I2 = 0%) however both models were non-significant.  

Figure 8. Social cognition forest plot 

 

Global cognition  

Eight studies reported on global measures of cognition.  Measures and batteries included 

the MCCB total cognition1, MMSE19, 34, 37, 17, ADAS19, EXIT34, and self-computed index 

scores of overall cognitive functioning25, 22, 7.  The data was found to be greatly 

heterogeneous (Q(df = 15) = 91.599, p-val < .0001; I2= 86.7%). 

Moderator analyses showed that almost all of the variability was found to be within SZ 

populations (87% versus 0%), and when separated out FE outcomes suggested a 

significant increase in abilities over time for both fixed (hedges g = .5392, p = .0019, 95% 

CI [.879, .199]) and random effects (hedges g = .541, p = .049, 95% CI [.108, .003]) 

models. However, three of four of these outcomes were reported by the same study using 

the same assessment across different FE populations.  Moderator analysis suggested data 

were heterogeneous regardless of length of follow-up.  
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Two studies reported outcomes of healthy controls.  The data were homogeneous (Q(df = 

1) = 0.208, p-val = 0.648; I2 = 0%) and the model was significant (hedges g = .524, p 

= .004, 95% CI [.876, .173]).   

2.4 Discussion  

Course of cognition  

The aim of the present meta-analysis was to investigate if cognitive abilities change over 

time in schizophrenia spectrum disorders, and to determine if this change is mediated by 

length of follow-up and stage of illness. Of the sixteen sub-domains identified within this 

review, our results established six (processing speed, working memory, non-verbal 

learning and memory, general intelligence, verbal intelligence & social cognition) that had 

homogeneous data prior to removal of outliers, and one study had homogeneous data 

subsequent to removal (immediate memory).  These figures suggest that a great between-

study variability exists for studies assessing longitudinal cognitive outcomes within 

populations diagnosed with first-episode psychosis/schizophrenia and chronic 

schizophrenia.  Thus it was not possible to provide a broad umbrella conclusion as to if 

cognitive abilities change over time in schizophrenia spectrum disorders, however our 

results suggested this variability may be attributable to length of follow-up and type of 

illness, which will be further discussed.  Napal and colleagues (2012) suggested that the 

apparent lack of consistency between findings is due to the lack of rigorous and thorough 

follow-up studies.  Furthermore, the ways in which cognitive abilities were conceptualised 

greatly varied across studies. As a result, we also believe the heterogeneity across 

empirical findings to be in part attributable to inconsistency between definition and 

measurement of concepts central to this review.   

To our knowledge, this is the first meta-analysis to examine the long-term course of 

cognition - with follow-ups of >3 years - in a population diagnosed with schizophrenia 

(SZ) or first episode (FE) psychosis/schizophrenia.  Firstly, we will discuss the primary 

findings and subsequently we will deliberate upon reasons for the large amounts of 

heterogeneity found amongst data. It is important to note that, as there were limited 

amounts of homogeneous data that could be commented on and small numbers of cases 

per domain (mean n = 987.7) results should be interpreted with caution.  

While historically it was believed that cognitive deficits are stable over time (Rund et al., 

1998), our findings suggest differently.  Of the seven domains that had homogeneous data, 
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over half of them, namely processing speed (.2898), non-verbal learning and memory 

(.3261), verbal intelligence (.1657) and social cognition (.1391), evidence an increase in 

abilities over time with small-medium effect sizes.  Furthermore, working memory and 

general intelligence also both indicated increases in abilities over time with small effect 

sizes (.1231; .1410), however significance was only evident at the <.1 p-value level (p 

= .0874 and .0592 respectively).   

Similarly to previous meta-analytic findings that suggest cognitive improvement over time 

in ultra-high risk and first episode psychosis (Bora & Murray, 2014), we found that there 

was some evidence of increased abilities over time.  However, we found substantially 

higher rates of heterogeneity across studies and, unlike Bora & Murray (2014), we found 

that certain abilities decline over time (see figure 9).  It is possible that differences were 

due to the length of follow-up and populations included, as Bora & Murray’s (2014) meta-

analysis included ultra-high risk populations, which we did not, and they incorporated very 

few studies with follow-up periods of over 1 year.  Nonetheless, effect sizes in both studies 

averaged in the small-medium range, suggesting that the level of improvement evidenced 

over time is not extensive.  Indeed, in the present study, only two domains evidenced a 

change with a medium effect size (processing speed & non-verbal learning and memory) 

and the remaining domains suggested improvements of a small or effect sizes.   

Of the 37 studies included, only 12 included follow-up examination of healthy control 

groups.  Therefore, there were limited data that enabled the examination of patients versus 

healthy controls.  For the purpose of this review, meta-analytic procedures were conducted 

only if cognitive domains had a minimum of two studies that included healthy control 

groups, however if there was only one healthy control group the effect size of that study 

was still reported. Of the nine (processing speed, attention, non-verbal learning and 

memory, verbal learning and memory, immediate memory, delayed memory, working 

memory, set-shifting, problem solving) domains where analysis was possible, data was 

found to be homogeneous, subsequent to removal of outliers, across only five domains: 

attention, set-shifting, problem solving, social cognition and global cognition.  Findings 

suggested that there is no change in attention, set shifting or social cognition, and an 

increase in problem solving and global cognition scores over follow-up periods in healthy 

controls. However, only two studies were included in analysis for global cognition and 

social cognition. It is possible that increased abilities were a result of practice effects, as 

evidenced in previous studies (Keefe, 2014).  Furthermore, the number of studies included 
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in analyses for examining control groups ranged from 2-7 and controls differed from 

participants on multiple demographic details and/or time of follow-up across over half of 

the studies including controls, making interpretation of these results dubious.   

Previous research suggests that there may be discrepancies in cognitive outcomes 

according to phase of illness (Stirling et al., 2003), whereby some domains are deteriorated 

by FE and do not progress, whereas others show deterioration over time.  Indeed, evidence 

of further cognitive decline has been shown in multiple episode, as compared to first 

episode, patients with schizophrenia (Pukrop et al., 2006; Braw et al., 2008). Furthermore, 

patients diagnosed with FE and chronic schizophrenia vary on clinical variables that may 

affect cognition, namely levels of current distress, psychiatric symptoms and treatment 

response (Wang et al., 2013; Jäger et al., 2007; Achim et al., 2011).  We were also 

interested to see if duration of follow-up had an impact on results by separating out shorter 

(ST) versus longer (LT) durations of follow-up.  Therefore, we conducted moderator 

analysis in order to examine if either the heterogeneity of data between studies or overall 

findings were attributable to either duration of follow-up (LT versus ST) or type of illness 

(SZ versus FE).  

Cognition course as a function of type of illness 

Moderator analysis produced a range of interesting findings regarding type of illness.  

Specifically, there tends to be higher rates of heterogeneity amongst populations 

diagnosed with schizophrenia and, when examined separately, it was found that FE 

populations significantly changed over time on measures of attention (.131, p = .026), non-

verbal learning and memory (.423, p < .001), working memory (.227, p = .01), problem 

solving (.400, p < .001), verbal fluency (.272, p <.001), and global cognition (.541, p 

= .049).  However, of the four scores examining change in global cognition, three were 

from the same population.  Homogeneous data across FE groups was also found for 

delayed memory (.010) and general intelligence (.159), however neither model found 

significant changes over time at a .05 or .01 p-value.   

When examined separately from populations with FE, populations with a diagnosis of 

schizophrenia had homogeneous data and yielded significant changes for verbal 

intelligence (.169, p <.001), performance intelligence (.168, p <.001) and cognitive 

flexibility (-.094, p = .007).  Although data was homogeneous when examining working 

memory (-.076), non-verbal learning and memory (-.011), general intelligence (.104), 
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problem solving (-.016) and social cognition (.135), none of the models reached a 

significance level of .05 or .01, suggesting stability in cognitive abilities over time.  As 

such, it appears that there are significant differences between FE populations as compared 

to SZ populations when examining cognition over long periods of time (> 3 years).  These 

findings suggest that, similarly to other studies (Stirling et al., 2003), the course of 

cognition may be partially dependent on type of illness, thus supporting a clinical staging 

model.   

Further, of the 4204-4305 participant results included in this review at baseline, only 1004-

118 were FE populations, providing evidence for a much greater risk for a wide-spread of 

results amongst SZ populations.  There was virtually no difference in average periods of 

follow-up for FE or SZ populations (5.8 versus 5.5 years), suggesting these findings were 

attributable to type of illness as opposed to duration of follow-up.  

FE populations tend to demonstrate increased ability on measures of attention over time.  

Both FE and control group samples were found to increase in measures of problem solving 

with similar effect sizes, whereas SZ populations evidenced no change over time.  These 

findings suggest that perhaps the increase in problem solving seen across FE populations 

is not necessarily attributable to diagnosis, but rather type of illness.  It could also be that 

control groups and populations diagnosed with FE learn from repeated testing and 

evidence practice effects, whereas those diagnosed with schizophrenia do not.  However, 

these findings were based upon only four studies that included control groups and 

therefore might not be as robust as hoped for.  

Cognition course as a function of length of follow-up  

Moderator analysis showed that, when examining short-term follow-ups in isolation, data 

were homogeneous and models suggested significant changes in processing speed (.2941, 

p .022), attention (.173, p = .009), problem solving (.174, p = .011; fixed effects only), 

social cognition (.146, p =.001; LT only had one study), working memory (.168, p = .046), 

verbal intelligence (.174, p = .006) and performance intelligence (.170, p < .001).  Further, 

although data were homogeneous for general intellect (.058), the model was non-

significant, suggesting stability over shorter-term (< 5 year) follow-ups.  

Data on LT follow-ups for general intellect (g = .200, p = .041), verbal fluency (.172, p 

= .026) and global cognition (fixed effects only) became homogenous and significant once 
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ST was removed.  Although data for working memory (.008) was also homogeneous, the 

model was not significant, again suggesting no change over LT periods of follow-up.   

In comparison to ST follow-up studies, there was a much greater variability in data across 

LT follow-up studies.   This finding alone emphasizes the need for longer-term follow-up 

studies with more robust, consistently measurement techniques.    

Cognition course as a function of type of assessment & domain overlap  

In addition to the primary moderation analyses examining length of follow-up and 

duration of illness, a secondary set of moderation analyses were conducted for domains 

that had arguably purer measures; namely, measures specifically developed to measure 

specific domains.   

When measures of attention were divided into CPT versus other assessment techniques 

there were no significant differences found.  Conversely, when non-verbal learning and 

memory was divided into ROCFT visual memory versus other, a much greater increase in 

abilities was evident for studies employing the ROCFT.  The only other domain where 

secondary moderator analyses were possible, based on number of cases included, was 

verbal fluency.  The FAS phonemic fluency and non-FAS assessments were found to 

increase significantly whereas FAS semantic fluency yielded heterogeneous data, 

preventing further analysis.  Although it appears that assessment type does have an impact 

on outcome, this is only based on a few findings, as we were unable to analyse more 

domains due to lack of cases.   

Finally, in contrast to what was found by Nuechterlein et al.’s (2004) findings regarding 

the overlap between verbal fluency and processing speed, we did not find that processing 

speed and verbal fluency had homogeneous data when combined.  However, this was 

likely due to the large variability found among VF (85.83%) and therefore was attributable 

to variability within domain as opposed to across the two domains. Therefore, it is possible 

that declines seen across these domains are attributable to an underlying mechanism, 

which may indeed be central cognitive abilities.  Future research should consider this link.  

Summary of findings  

Overall significant results have been presented visually in figure 8, divided based upon 

moderator analyses and significance.  Smaller circles indicate non-significant findings (i.e., 

no change over time). 
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For every cognitive domain that was found to significantly change over time as a whole, 

results were found to be attributable to either length of follow-up or first-episode versus 

continuing care status as determined by moderator analysis.  There was only one cognitive 

domain, namely immediate memory, for which we were unable to conduct moderation 

analysis due to lack of sufficient data across other domains.  

Of the remaining six domains that were found to significantly change over time, increase 

was moderated by type of illness across four.  Specifically, the increases seen across non-

verbal learning and memory, working memory, and global cognition were all moderated 

by a significant increase seen only in FE populations.  Conversely, verbal intelligence also 

significantly increased over time across the whole population, however when separated 

out only the SZ group significantly increased.   

Furthermore, five domains, namely social cognition, verbal intellect, working memory, 

processing speed and general intellect that were found to increase over time were 

significantly moderated by length of follow-up.  The first four domains were found to 

significantly increase over ST follow-ups only, whereas the fifth (general intellect) was 

found to increase over LT follow-up periods only.  Our results are similar previous 

literature examining shorter term follow ups (1 year) that suggest that measures of social 

cognition increase by follow-up (Addington, Saeedi & Addington, 2006) and that 

generalized cognitive deficits do not decline over a 1- to 6-year period (Irani et al., 2010).  

It is possible that results suggesting improvement or stability are attributable to external 

factors as evidenced across other literature, such as remission status (Maat et al., 2014) or 

practice effects (Keefe, 2014). 

Interestingly, working memory increased over the whole population (p < .01) but when 

separated into short-term and long-term follow-ups, only shorter-term follow-ups showed 

significant increases over time.  This is similar to previous longitudinal literature with one-

year follow-ups that suggest an increase in working memory abilities over time (Barnett 

et al., 2007) or stability (Braw et al., 2013). However, our findings might only be evident 

in FE populations, as significant increases were not seen across SZ populations in 

moderator analyses, but rather there appeared to be a slight decline (although non-

significant).  These findings suggest that perhaps the increase seen in working memory is 

generalizable to FE populations and is only seen across ST follow-up periods, and 

therefore course of working memory during chronic schizophrenia has yet to be determine



47 
 

Figure 9. Summary of findings    
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There were six domains for which heterogeneity of results across included studies was 

apparent but moderator analysis suggested that this heterogeneity was attributable to either 

duration of follow-up or type of illness.  Attention and problem solving appear to increase 

in FE populations and over ST follow-ups only.  In contrast, performance intelligence and 

cognitive flexibility appear to increase across SZ and ST follow-up periods only.  These 

findings are interesting and pose the question as to if the similar inclines seen were by 

chance, or if the cognitive abilities rely on each other and, therefore, incline 

simultaneously.  Additionally, verbal fluency was found to increase across LT follow-ups 

only, which contrasted previous literature that has found an increase in abilities over 

shorter follow-ups (Harvey et al., 2000) and global cognition was found to increase in FE 

populations and regardless of length of follow-up.  

These results reiterate the incredibly variable nature of cognition in FE and SZ populations, 

whereby neurocognition may remain stable in some abilities, whereas others evidence 

decline or improvement over time. Unfortunately, there was not enough data to examine 

remission status for the purpose of this review; however, this may have been another 

explanation for the wide variability seen across studies. From these results, it is evident 

that there is a need for more studies examining the course of cognition in schizophrenia 

spectrum disorders in order to assess the course of cognition effectively.  

Methodological limitations of the literature reviewed  

We identified a number of methodological limitations throughout the literature included 

for the purpose of this meta-analysis.  Primarily, there was an overwhelming inconsistency 

across measurement techniques as well as the operationalization of key concepts across 

studies.   Additionally, many of the studies included in this review used solely sub-tests 

from larger assessments (i.e., WAIS, WMS) as brief measures to examine certain domains, 

highlighting the lack of clear standard for measurement of these cognitive domains.  It is 

arguable that differential findings across studies may be attributable to different 

measurement techniques.  In a recent review of forensic neuropsychological assessment, 

Serafim and colleagues (2015) found that, despite growth in the use of neuropsychological 

assessments in forensic settings, there was no means of uniform assessment or legal 

process by which instruments are used in forensic and legal settings.  This poses a 

significant issue, as a high proportion of mentally ill offenders have a diagnosis of 

schizophrenia.   
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Although inconsistency in assessment technique and definition of concepts posed a 

significant limitation to this review, it is possible that consistency of concepts and 

assessment technique will improve over time as empirical evidence of the reliability and 

validity of assessment batteries, such as the MATRICS consensus cognitive battery 

(MCCB), increase.  Since the development of the MCCB in 2004, the battery has been 

shown to be highly sensitive to cognitive impairment in schizophrenia (August et al., 2012) 

and is becoming more widely used across a variety of populations, including children, 

adolescence and young adult cohorts (Nitzburg et al., 2014).  However, very few studies 

included in this review chose to use the MCCB.  Further research is needed employing 

similar batteries in order to examine their efficacy and thus increase clinical utility and 

relevance.  This would enable a consensus as to which cognitive assessments are gold 

standard and should therefore be employed consistently throughout research.  

In addition to variability in measurement and definition of outcome variables, diagnostic 

techniques are inconsistent across studies as well. Although diagnosis is often made using 

one of the primary diagnostic tools (i.e., ICD-10 or DSM), the way in which diagnoses are 

derived range from case-note review to clinical- or research-based interviews, all of which 

to some degree depend on judgement.   

Furthermore, a majority of the studies included had sample sizes that were < 100 and, 

where reported, had a high proportion of participants that were lost to follow-up.  This 

poses a threat to the generalizability of results. Additionally, very few of the studies 

examined in this review included control groups, making it difficult to see if declines or 

stability across cognitive domains are attributable to illness or not.  

Limitations of this meta-analysis 

There are multiple limitations to this meta-analysis that may have affected overall findings.  

Firstly, we did not look at the impact that care settings, namely inpatient versus outpatients, 

may have had on changes in cognition.  Indeed, previous research examining chronically 

institutionalized patients suggest that care settings may impact the course of cognition 

(Nemoto et al., 2014).  Furthermore, due to a lack of data, we also did not examine the 

impacts of medication or treatment effects.  Although it is suspected that medication may 

impact the course of cognition over shorter periods of follow-up, it would be beneficial 

for future studies – once sufficient and reliable data exists - to further examine the impact 

of care settings and treatment on the long-term course of cognition in schizophrenia.   
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There were a significant number of studies with relevant outcome data that we were not 

able to include in this review based upon lack of reporting, despite a range of journals 

appealing to authors to include raw or standardized data (Groves, 2009; Hrynaszkiewicz 

& Altman, 2009; Hrynaszkiewicz et al., 2010).  Although primary authors were emailed, 

in certain cases they no longer had access to the data or were unreachable.  Addition of 

these studies may have had a significant impact on results and would have allowed for 

creation of a more comprehensive dataset.  Finally, we only included articles published in 

English, which again decreased the study sample we were able to draw from. However, 

there was only one study that was excluded for this reason, suggesting the impact was 

minimal.  Future research should include, where possible, examination of context and 

treatment as mediating variables.  It would also be beneficial to include further breakdown 

of diagnostic methods to determine if this has an impact on results.  

2.5 Conclusion 

Based upon the findings of this review, it appears that most  cognitive abilities vary over 

time.  Similar to prior research, there were very few cognitive domains that evidenced a 

decline in abilities over time in this study. However, contrasting prior literature, we found 

there to be a great amount of mediation based on type of illness suggesting that chronic 

schizophrenia may not evidence the same patterns of increase in abilities as seen in first 

episode patients. Nonetheless, based on the heterogeneity of data and variability of 

domains with homogeneous data, results are to be interpreted with caution.  Current 

literature examining the long-term course of cognition in schizophrenia is lacking, and 

there is a need for more longitudinal studies with robust measures of cognition and longer 

durations of follow-up.   
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CHAPTER 3 

Risk of Violence in MIO’s in Relation to Neuropsychological 

Abilities 

3.1 Introduction 

Population & Risk of Violence  

The link between criminality, violent behaviour and cognition has been long established 

(Bryant et al., 1984; Adams, Meloy and Moritz, 1990) and is apparent on both a 

neuropsychological and neurobiological level (Blake, Pincus & Buckner, 1995).  Although 

the majority of psychiatric patients are not violent, serious mental illness is known to be 

associated with both an increased risk of cognitive impairment and an increased risk of 

violence, and these two outcomes are related.  Indeed, researchers have linked various 

cognitive abilities included in the MATRICS (Measurement and Treatment Research to 

Improve Cognition in Schizophrenia) core deficits to violence and aggression (O’Reilly et 

al., 2015; O’Rourke, 2012), and cognitive deterioration is associated with relapse and 

negative course of illness (Zaytseva et al., 2010). From this evidence it is apparent that 

there is a relationship between violence and cognition, however indication as to if 

cognition contributes to violence has not yet been established. Mentally ill offenders 

(MIO’s), a population with co-occurring pervasive and widespread cognitive dysfunction 

and a higher risk of violent and aggressive behaviour, represent a population for which 

determining the direction of this relationship is crucial.                 

It is well established that MIO’s exhibit a wide range of neurocognitive deficits (Nishinaka 

et al, 2015; Dolan et al., 2002) in comparison to controls and exhibit high rates of 

recidivism, including reconviction for serious violent offences (Ministry of Justice, 2008).  

Furthermore, MIO’s are also at high risk of co-morbid disorders and diagnoses, such as 

substance misuse and traumatic brain injury, which are both known to have a substantial 

impact on cognitive abilities (Williams et al., 2010; Van Holst & Schilt, 2011; Fernandez-

Serrano et al., 2010) and risk of violence (Lund et al., 2013; Dinn et al., 2009).  Undeniably, 

the significantly higher rates of risk of violence found in serious mental illnesses as 

compared to general populations are exacerbated by comorbid substance use disorder 

(Volavka, 2013).  Evidence also suggests certain areas of deficit, namely cognitive 
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flexibility (executive functioning) and impulsivity, reduce the ability to desist violent 

crimes (Deu, 1998).  

In addition to the direct impacts on violence as a result of cognitive impairment, risk of 

violence is indirectly impacted by the mediating effect cognitive deficits have upon 

patients’ ability to engage with, and benefit from, therapies aiming to reduce their risk of 

violence. Indeed, individuals clustered according to cognitive performance showed 

differential response to treatment, whereby generally impaired individuals were more 

likely to be treatment refractory regardless of their symptom severity or functioning at 

disease onset (Gilbert et al., 2013).   

The increased risk of violence seen among mentally ill offenders was traditionally believed 

to be attributable to symptomology.  However, more recent examination of long-term 

psychiatric inpatients has suggested that risk of inpatient violence is attributable to 

cognitive abilities, coping abilities and circumstances of admission over and above 

symptomology (Kruger & Rosema, 2010).  If cognitive deficits are indeed more 

pronounced in MIO populations as compared to psychiatric patients without criminal 

histories, these variables should be considered and targeted in treatment planning, risk 

assessment, and rehabilitation efforts.  

Risk Assessment & Prediction  

Despite review-based findings suggesting that cognitive domains are predictive of general 

and violent recidivism (Bonta, Blais & Wilson, 2014) over and above certain clinical 

variables, very few risk assessment tools include any cognitive variables (Singh et al., 

2011), and they have generally received less clinical attention as compared to other factors 

(Lamberti et al., 2007).  Historically, the standardized measures for assessing risk within 

MIOs have been predominantly based on static variables, although recently risk 

assessment has evolved to include dynamic factors.  Current research has offered insight 

into dynamic factors, such as stress and cognitive components, that may contribute to or 

promote certain behaviours and predict risk in mentally ill offenders. However, lacking in 

current risk assessments is examination and/or measurement of cognitive impairment(s) 

despite evidence that these impairments relate both directly and indirectly to violence risk 

(O’Rourke, 2012).   

In a recent study conducted by Vitacco et al. (2012), predictive accuracy of inpatient 

violence increased when both static and dynamic risk factors of validated risk assessments 
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were used in comparison to using static factors in isolation. This is evidenced through 

examination of the Historical, Clinical, Risk-20 (HCR-20), which includes both dynamic 

and static variables empirically linked to violent behaviour, whereby failure to examine 

dynamic risk factors has been shown to threaten quality and diligence of assessment of 

risk when assessing readiness for discharge (Vitacco, 2016).  In response to these findings, 

the authors called for more formalized examination of additional dynamic risk factors in 

forensic patients.  

Cognitive mechanisms and deficits represent dynamic risk factors that are substantially 

under-examined, particularly in relation to risk assessment of mentally ill offenders. 

Neuropsychological deficits have been found to predict treatment responsivity, readiness, 

gain and completion, and have a relationship with a variety of measures of functional 

outcome both cross-sectionally and longitudinally (Fishbein, 2006; O’Rourke 2012; Kurtz 

et al, 2008). Further, Zaytseva and colleagues (2010) concluded that neurocognitive 

deterioration is related to relapse and a negative course of illness, thus impacting risk of 

violence. However, some of these studies employed exclusion criteria that are relevant to 

MIOs, namely exclusion of inmates with an active mental illness (Fishbein et al., 2006) or 

exclusion of individuals who met criteria for concurrent substance misuse or dependence 

or traumatic brain injury (Kurtz et al., 2008).  A high portion of mentally ill offenders have 

an active mental illness, comorbid substance misuse diagnoses, brain injury or a 

combination of the three. Therefore, although it appears likely that dynamic, 

neuropsychological components play a role in the behaviour and outcome of MIO’s, 

further examination of the direct contribution to risk of violence in this population is 

needed.  

Meta-analytical findings (Campbell, French, & Gendreau, 2009; Singh, Grann & Fazel, 

2011) demonstrate that many of the current risk assessment measures predict with only 

small to moderate effect sizes, indicating that increased specificity could result from the 

inclusion of further risk factors and increased understanding of violence and aggression. 

Further developing the current tools of risk assessment so that they more accurately predict, 

and therefore help with management of, institutional and community violence would 

promote increased knowledge and advancements in the field.  Identification of cognitive 

deficits that contribute to or predict violence within this population would enable alteration 

of risk assessment tools and treatment plans to target these deficits and subsequently 
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decrease risk.  Therefore, examination of cognitive components that contribute to risk is 

of particular interest in this population. 

Cognitive domains in relation to violence  

Although there is evidence to suggest the importance of cognitive variables in the 

prediction of risk, there is inconsistency throughout literature as to which variables are the 

most relevant.  Previous literature suggests that a wide range of deficits might be relevant, 

namely: facial affect recognition, intelligence, learning, executive functioning, memory, 

working memory, impulsivity and global cognition.  

Facial affect recognition / Social cognition  

Facial Affect Recognition (FAR) is a cognitive precursor of risk in MIO’s defined as the 

ability to identify and discriminate emotions through facial expression of others (Malone, 

Carroll & Murphy, 2012).  Successful assessment of social cues and the ability to respond 

in a social appropriate manner requires accurate recognition of facial affect.  The lack of 

ability to construct a socially appropriate response can result in unnecessary or unexpected 

hostile or aggressive responses, which can lead to dangerous and potentially crime-

evoking situations.  For example, if an individual perceives a neutral facial expression as 

anger, they are likely to respond in a more hostile manner then if they accurately perceived 

it as neutral.   

Deficits in FAR have been demonstrated in psychosis and may be only impaired for 

negative emotions, such that individuals are more likely to misinterpret negative emotions 

such as fear/disgust/sadness (Malone, Carroll & Murphy, 2012).  Similarly, 

misinterpretation of facial expressions has also been linked to anti-social behaviour, 

whereby one violates the welfare or rights of another individual (Marsh & Blair, 2008).  

Silver and colleagues (2005) compared violent and non-violent patients diagnosed with 

schizophrenia to healthy controls and found all patients diagnosed with schizophrenia 

showed poorer perception of emotions as compared to healthy controls, and that patients 

with a history of violence were worse at discriminating intensity of emotions, suggesting 

violence might be directly linked to FAR.   

Weiss et al. (2006) also examined facial expression recognition in individuals diagnosed 

with schizophrenia and found that individuals with a higher number of arrests showed 

worse overall performance on emotion recognition tests, especially for fearful and angry 
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faces.  This finding is of particular interest because fear is a primary distress cue that elicits 

empathy, which is linked to a decrease in aggressive behaviour (Marsh & Blair, 2008).  In 

theory, without empathy individuals are not as likely to inhibit feelings of hostility, 

therefore increasing risk of a violent or aggressive response. Furthermore, poorer 

recognition of anger and fear was found to be linked to violence and criminal behaviour 

(Weiss et al., 2006), suggesting that lack of empathy elicited due to inaccurate 

interpretation of distress cues leads to violent crime as well – the costliest type of crime 

on both an individual and societal level (Silver et al., 2005).   

Intelligence  

A plethora research has been conducted examining if intelligence plays a role in crime.  

However, the extent and means by which intelligence impacts criminal behaviours and 

recidivism rates remains an active debate.   

The majority of findings in this area of research suggest that there is a negative correlation 

between IQ and criminal behaviour.  Diamond, Morris & Barnes (2012) found that IQ 

scores were lower by an average of 8 points in offenders as compared to non-offenders 

and IQ was found to be a powerful predictor of criminal behaviour.  One common 

explanation for the link between crime and IQ is related to academic success, as lower 

academic achievement is linked to increased risk of participation in delinquent or criminal 

acts (Freeman, 2012).   

Moreover, intelligence has also been linked to severity and nature of crime.  Research 

examining inmate populations show IQ as being significantly related to violence and, 

inversely, above average IQ was significantly related to decreased risk of involvement in 

violent incidences (Diamond, Morris & Barnes, 2012).  In line with this finding is results 

of Camilleri & Quinsey (2011) who examined intellectual disorders (ID) in mentally ill 

offenders, in which the entire ID sample had IQ scores of <70.  As compared to a control 

group, the ID group were more commonly involved in verbal and physical aggression.  

These results suggest that a lower rate of intelligence or higher prevalence of intelligence 

impairment is associated with more violent and aggressive crimes, which are often more 

severe and more likely to result in eventual recidivism.  Additionally, a study looking at 

FBI crime rates further confirmed this link on a wider-scale by concluding that IQ has a 

significant negative correlation with violent crimes including murder, aggravated assault 

and robbery (Bartels et al., 2010).   
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The discrepancy in IQ between criminals and non-criminals is speculated to be a result of 

difference in verbal reasoning skills (Freeman, 2012). Verbal IQ (VIQ) measures ones’ 

abilities to listen, analyse, understand and remember verbally input information in order 

to help them solve problems and understand situations.  Verbal abilities can mediate an 

individual’s ability to understand the purpose and goals of treatment programs that aim to 

prevent recidivism and promote rehabilitation.  As such, it is possible that verbal learning 

or VIQ would be more predictive of criminal behaviour or re-offense rates then 

performance or full scale IQ.  In a study comparing recidivists to non-recidivists’ authors 

found that offenders who had re-offended had a significantly lower IQ then those who had 

not and that 92% of recidivists had a lower VIQ as compared to PIQ, a discrepancy not as 

prominent for control or non-recidivist groups (Lueger & Cadman, 1982).  From these 

findings, it can be speculated that compromised verbal intellect may have more impact on 

violence and recidivism than nonverbal intellect.  

Executive functioning 

Executive functioning (EF) is defined as a higher order cognition composed of an array of 

skills required for planning, initiation and regulatory control over goal-directed behaviours 

(Ross & Hoaken, 2011).  Substantial impairment on measures of executive functioning 

and verbal capacity has been found in both acute psychiatric patients and adult offenders 

(Marceau, Meghani & Reddon, 2008). Additionally, neuropsychological deficits 

associated with prefrontal cortex damage that compromise executive functioning may 

present as a significant risk factor for developing antisocial behaviour patterns. As 

evidence instilling the relationship between executive functioning, impulsivity and 

aggressive behaviour is mounting, assessment and treatment of these constructs may aid 

in the understanding and prediction of recidivism and treatment outcomes (Kockler & 

Stanford, 2008).  

Executive functioning deficits tend to be more common amongst antisocial and mentally 

ill populations.  Impaired EF was found to be associated with an increased risk for violent 

behaviour by Nazmie et al. (2013), whereby violent patients diagnosed with schizophrenia 

showed increased deficits in EF tasks as compared to non-violent patients diagnosed with 

schizophrenia.  Furthermore, studies looking at antisocial behaviours specifically suggest 

that offenders and patients diagnosed with schizophrenia with higher rates of antisocial 

personality disorder show a greater EF deficit as compared to controls in areas like 
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planning, inhibiting responses and processing speed (Barkataki, 2005; Dolan and Park, 

2002).  These results propose that EF deficits may indirectly increase violence due to a 

decrease in abilities required to prevent violence, including inhibition and impulsivity.  

Further highlighting this speculation is findings of Lau & Pihl (1996), who concluded that 

individuals with compromised EF were unable to inhibit aggression in certain tasks and 

that EF was related to both impulsivity and aggression.   

Furthermore, there is a growing body of literature examining the link between EF deficits 

and recidivism; however, the complexity of executive functioning itself yields an 

inconsistency in interpretation of results and findings.  Studies examining recidivism in 

criminals specifically found that return inmates had poorer scores on measures of EF and 

VIQ, and that these effects emerged over and above the effects of history of treatment, age 

and symptomology.  Further, even nonviolent recidivists showed signs of EF deficits as 

compared to non-recidivists (Nazmie et al., 2013; Barbosa & Luis, 2008).  This suggests 

that perhaps EF directly impacts recidivism regardless of if it is a violent or non-violent 

domain of crime.   In contrast, De Brito & Hodgins (2009) concluded that in general, 

persistent violent offenders with antisocial personality disorder do not show a universal 

deficit of EF, however they did find a specific impairment in response inhibition.   

Learning & Memory 

There is a paucity of research examining the link between learning and memory and 

violence.  However, it is possible that memory dysfunction, specifically verbal learning 

and memory, has an indirect impact on recidivism and violence through the impact it has 

on functional and treatment outcomes. Indeed, verbal memory abilities have been found 

to have a significant relationship with functional outcome (Green, 1996), including work 

and educational functioning (Shamsi et al., 2011).  However, Ojeda and colleagues (2007) 

found that processing speed mediated the relationship between verbal memory and 

functional outcomes in schizophrenia. Furthermore, the links between comorbid diagnoses 

that are known to be associated with violence, namely traumatic brain injury and substance 

misuse, and memory dysfunction is apparent (Wortzel, Benner & Arciniegas, 2013; 

Himanen, 2006; Ralevski et al., 2012).   

Working memory 

Working memory is defined as the ability to acutely hold pieces of inputted information 

in the mind to be manipulated, thus contributing to goal-directed actions (Baddeley & 
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Hitch, 1974).  Not only is working memory required for problem solving and decision 

making, as required in many therapeutic efforts, but it is also linked to both attention and 

learning.  Further, decreased rates of treatment utilization are significantly associated with 

worse performance on measures of attention, working memory, processing speed and 

global neuropsychological functioning (Gooding et al., 2012), which is likely to have an 

indirect impact on recidivism. 

Attention & Impulsivity 

Impulsivity is described as a lack of consideration of consequences and absence of 

restraint and it is associated with a decreased inhibitory control over behaviours 

(Bevilacqua et al., 2010; Harris, Rice & Quinsey, 1993).  Many factors are thought to 

contribute to and influence impulsivity, including attention and response to rewards; both 

of which impact criminal behaviour and re-offence rates (Bevilacqua et al., 2010).   

Furthermore, attention and impulsivity are behaviours that are central to the diagnosis of 

attention deficit hyperactive disorder (ADHD) - whereby individuals exhibit a substantial 

lack of attention and increase of impulsivity (Kooij et al., 2010) - in both childhood and 

adulthood.   Prevalence of ADHD among Scottish offenders is well documented, with 

approximately one quarter of prisoners meeting the diagnostic criteria (Young et al., 2009).  

Furthermore, offenders who display persistent ADHD symptomology have significantly 

more aggressive incidences, increased rates of recidivism, higher rates of total and violent 

offending, and tend to have a younger onset of offending (Young et al., 2009; Young, 

Wells & Gudjonsson, 2010; Young & Thome, 2011).  Of particular interest is evidence 

suggesting that impulsivity and mood instability are the two symptoms of ADHD most 

likely to increase risk of critical incidences within institutional settings (Young & Thome, 

2011).  Thus, perhaps it is not ADHD itself that predisposes criminal behaviour but rather 

the associated impulsivity, highlighting the importance of further examination.     

Additionally, impulsivity has been shown to be predictive of both violent and nonviolent 

recidivism, and those with impulsive index crimes were over 6 times more likely to re-

offend as compared to those with non-impulsive index crimes (DeJong, Virkkunen & 

Linnolia, 1992; Rice et al., 1990). The importance of impulsivity as a precursor to violence 

is already recognized, as it stands as the only cognitive ability included in risk assessment 

tools.  Indeed, the two most prominently utilised risk assessments within forensic settings, 



59 
 

namely the HCR-20 and VRAG, include impulsivity as a primary risk factor (Harris, Rice 

& Cormier, 2002; O’Shea et al., 2014).   

Global cognition  

Global cognition is often measured by either combining a variety of scores or through 

means of a brief cognitive ability assessment that attempts to summarize an individual’s 

overall cognitive ability.  Cognitive dysregulation (defined by neuro and thought process 

dysregulation) has been found to be predictive of criminal, suicidal and sexual behaviour 

in sex offenders (Stinson et al., 2011).  Furthermore, a recent meta-analytic review 

examining predictors of violence in schizophrenia also found that global cognitive 

impairment, alongside lack of insight, were significant risk factors for aggression 

(Reinharth et al., 2014).  Studies examining global cognitive impairment have been 

scrutinized as being not as clinically relevant, as the examination of global cognition is 

broad and does not provide any suggestion as to which cognitive domains may be of 

interest and which domains may be irrelevant.  However, global cognitive measurement 

techniques are still often employed throughout clinical settings as they tend to be brief and 

feasible to employ.  Therefore, examination of global cognition will be included for the 

purpose of this review.  

Definitions of violence  

The World Health Organization (WHO) report on violence and health defines violence as  

"the intentional use of physical force or power, threatened or actual, against oneself, 

another person, or against a group or community, that either results in or has a high 

likelihood of resulting in injury, death, psychological harm, maldevelopment, or 

deprivation" (WHO, 2002).   

However, even within the scope of this definition there are a wide range of ways in which 

risk-related outcomes are examined and operationally defined.  Definitions vary according 

to measurement technique (self-report, case-note review, observer rated, official records) 

as well as magnitude – in other words, what defines the barrier between violent and 

nonviolent groups?  Furthermore, the context, namely inpatient versus outpatient, in which 

violence is measured can also have impact on results.  

Therefore, the present study will include description and examination of definitions of 

violence throughout.  Where plausible, studies will be categorized and examined as 

cohorts based on the following definitions of violence:   
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(1) Violent or aggressive behaviours  

(2) Violent history (i.e., those who have committed a violent act or crime)    

(3) Violence as defined by risk- or needs-based assessments  

Importance of this review 

The economic burden driven by MIO’s is evident as secure hospital care in the UK is the 

single largest constituent of the mental health budget, costing over £1 billion annually 

(Pickard & Fazel, 2013). Further, forensic patients are often held within secure wards for 

lengthy periods of time affecting their quality of life (Skipworth et al., 2006). This trend 

is likely to continue until recidivism is better understood and successful treatment 

outcomes are demonstrated. Indeed, the explanation of behaviours, outcome and risk of 

MIO’s has been an ongoing debate amongst researchers and health professionals alike. In 

order to reduce the multi-faceted burdens resulting from violent and aggressive behaviours, 

identifying risk factors that precede set behaviours amongst this population and accurate 

foreshadowing of re-offending is pivotal. 

Although previously it has been suggested that MIO’s are at increased risk of both 

cognitive deficits and risk of violence, there is a scarcity and inconsistency of literature 

examining the association between cognition and violence within this population.   

Majority of the reviews that examine the link between cognition and violence are based 

upon mentally ill populations or offender populations, rather than mentally ill offender 

populations. To our knowledge, no reviews exist examining the impact of cognition on a 

wide range of risk-related outcomes in MIO’s.  The examination of the association 

between neuropsychological deficits and violence is important for multiple reasons. Risk 

of violence is a central component of risk management and treatment in forensic settings, 

and therefore examination of which cognitive variables have impact on or predict violence 

will help to increase the efficacy and efficiency of risk assessment and management plans. 

Furthermore, insight into this area will assist development of evidence-based treatments 

and enable altering of treatment regimens that aim to decease recidivism and rates of 

violence. 

Objectives 

The purpose of the present review was to examine all peer-reviewed publications that 

assessed the relationship between neurocognitive variables and risk-related outcomes.  

Articles were divided into three subsections based upon the approaches in which the 
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relationship between violence and cognition was measured, namely: (1) Cognitive 

variables as predictors of risk-related variables in MIOs, (2) the association between 

cognition and risk-related outcome variables in MIOs, and (3) cognition in violent and 

non-violent groups (or violence in cognitively impaired and non-impaired groups).  

3.2 Methodology 

The methodology in this review is in line with the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) (Moher et al., 2008).   

Search methodology 

A systematic literature searcher of EMBASE, PsychInfo, Medline, and Web of Science 

were performed for studies published within the year range 1990-2016 that were 

examining the relationship between cognition and violence in mentally ill offenders.  

Studies from peer-reviewed journals that were written in English were included.  

Reference lists were also manually searched for reviews that were partially relevant (i.e., 

violence in other populations including a subset of MIOs). The concepts included as search 

terms to accomplish this search are as follows: 

Table 1. Systematic review search terms  

 Concept Search terms included  

1 Mentally Ill 

Offender 

 

"mentally ill offen*" or "mentally disordered offen*" or 

"MIO" or "MDO" or "psychiatric *patient*" or 

"maximum security psychiatric" or "mentally ill 

inmate*" or "forensic *patient*" 

2 Risk  "risk" or "recid*" or "violen*" or "aggress*" 

3 Cognition "neuropsy*" or "cog*" 

 

Eligibility criteria  

Peer reviewed studies were considered eligible for the present systematic review if the 

participant population fit the criteria for mentally ill offender and examined the 

relationship (association, prediction, comparison) between cognition and violence and/or 

aggression.  More specifically, studies were included if: (1) outcome variables related to 

risk/violence/aggression; (2) neuropsychological assessment outcomes were included as 

predictor, comparison or outcome variables; (3) participants a DSM or ICD diagnosis of 

a major mental disorder; (4) participants had a criminal record / had committed a crime; 
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(5) participants were over the age of 18; (6) full text reporting was available in English; 

(7) where full text was not accessible, authors provided relevant outcome data. 

Studies were excluded if they: (1) did not examine the relationship between 

neuropsychological variables and either risk, violence or aggression; (2) did not provide 

data and/or statistical results on variables of interest; (3) only examined an indirect impact 

on risk, such as therapeutic compliance or completion, as opposed to direct impact on risk; 

(4) the population average age was below 18; (5) were review articles; (6) did not include 

a sample of participants with a DSM or ICD based diagnosis; and (7) were not published 

in English.  If there was insufficient data to make a decision based upon the inclusion and 

exclusion criteria, studies were excluded.  

Data extraction & management  

Data was extracted by the first author (SB) from eligible studies using a standardized 

spreadsheet including variables relevant to this systematic review.  For each study, the 

following variables were extracted and coded (where available): Year of publication, name 

of first author, sample size and demographics, average age of participants, cognitive tests 

used and relevant outcome variables, assessment of violence/aggression where relevant 

and outcome variables, type of statistical analysis used and summary of results.  Papers 

included in this review were categorised based upon definition of violence-related 

variables, and type of study (prediction, association, comparison).  

Quality assessment  

Quality assessment was conducted by the first author (SB) for all studies included.  In 

order to guarantee quality, a second author (SJ) coded a randomly selected portion of the 

studies (approximately one third).  All included articles were subject to assessment of 

methodological quality based on a quality assessment template derived from the National 

Institute of Health Quality Assessment Tool for Observational Cohort and Cross-Sectional 

Studies (NIH, n.d.), Cochrane Consumers and Communication Review Group Data 

Extraction Template (Cochrane Consumers and Communication, 2016) and Scottish 

Intercollegiate Guidelines Network Methodology Checklist: Cohort Studies (SIGN, 2008). 

Total quality assessment scores were computed from outcome ratings adapted from SIGN 

(2008): a score of 2 if well addressed (good); 1 if adequately addressed (fair); and 0 if not 

addressed, not reported, or poorly addressed (poor).  If the interrater agreement was below 

75%, the decision would be made to have a second reviewer code all studies included in 
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this review.  As the interrater agreement was 85% as a whole and 75% or over on all 

individual studies assessed by both coders, this step was not required.  

Data analysis  

Studies that examined the prediction of violence using cognitive variables was examined 

first.  Secondly, studies looking at association between cognition and risk related variables 

were compared, and finally those that compared groups of violent versus nonviolent 

individuals on cognition or impaired versus non-impaired individuals on violence.  Where 

possible, results and discussion will be grouped based upon the violence outcome variables 

of interest discussed above.  Notably, seven studies used multiple approaches in examining 

the link between violence and cognition, and one study (B3) examined the link across all 

three approaches.  A summary of all study results will also be provided and commented 

on subsequent to discussion of the three approaches separately.  

3.3 Results  

Search results 

A total of 1179 articles were identified for screening.  From this sample, 112 were selected 

for full article review based upon inclusion criteria, of which 55 were depicted as not 

relevant based upon exclusion criteria.  Fifty-seven studies were then depicted as relevant 

for data extraction, at which point an additional forty were excluded for the following 

reasons: 18 did not examine an MIO population, 14 did not examine cognitive variables, 

5 did not examine violence, 2 did not explore the relationship between cognition and 

violence and 1 article could not be access and the author could not be reached.  The final 

sample consisted of seventeen articles that fit all inclusion and exclusion criteria 

parameters and were included for the purpose of this literature review.  See figure 10 for 

a description of study selection process (PRISMA). 

Table 2. Systematic review database search results 

DATABASE Hits  Kept with 

abstract review 

Full article 

review  

Within 

inclusion 

WOS 662 85  43 14 

OVID 

(duplicates = 13) 

517 27 14 3 
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Figure 10. PRISMA 2009 flow diagram: systematic review  

 

Characteristics of studies included  

The characteristics of the 17 included studies are described in table 3.  A greater portion 

of studies were published from 2000 onwards (59%), and a wide range of cognitive 

assessments (both paper and computerised) were employed.  Participant sample sizes 

ranged from 26-131, with majority of studies having sample sizes of < 100 (n=16) and an 

average sample size of 58 (includes violent and nonviolent groups).  Just over half of the 

studies (N = 9) examined a North American population.  The average age of participants 

across fourteen of the studies included was 36.83 (8.03), as three studies did not report 
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average age. Most studies were categorized as comparison of groups (n=12), followed by 

association (n=7) and prediction (n=6).   

There was a wide range of operational definitions for violence employed.  The most 

common definitions of violence were (a) quantity or presence of violent incident(s) and 

(b) history of violence.  Further, the way in which a violent incident or history of violence 

was classified varied between studies.  There were also studies that defined violence 

through standardized risk assessment measures (e.g., HCR-20, VRAG, HoNOS) as well 

as violence or aggression rating scales.  The methodological quality of the studies included 

tended to be fair, with only one study receiving a rating of good (B3) by both reviewers, 

and multiple studies receiving ratings of poor-fair. As a result, the methodological 

inconsistencies may have had an impact on synthesis of results, which will be further 

deliberated upon in the discussion.   
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 Table 3. Characteristics of studies Included: SR 

Author (#) Sample (N) Control  Country Ave. Age 
(SD)  

Predictor V Outcome V Approach  QA 

Burgman, 2016 
(B1) 

 

Male forensic 

psychiatric 
inpatients (69) 

NA Netherlands 37.9 (7.9) Emotional Stroop; 

SDT; GERT; IAT; 

Go/NoGo 

In-clinic violent 

incidents (#); 

Severity of verbal, 

physical, property 
aggression 

Pred Fair 

Nishinaka, 2016 

(B2) 

Forensic patients 
(71) 

NA Japan 42.79 (11.92) Cog State Battery 
composite score 

PCL-R 

HCR-20 

Assoc  Fair  

 O'Reilly, 2015 
(B3) 

 

 

SZ and 

Schizoaffective 

violent inpatients 

from National 

Forensic MH service 
(10)   

Nonviolent 
(79)  

 

Ireland  40  MCCB: Processing 

speed, Attention, 

Verbal Learn, Visual 

Learn, Reasoning/PS, 
Social Cog 

Violent Incidents to 

discharge or 12-mo FU; 

violent if they were the 

clear instigator or co-

aggressor, and if the 

incident involved harm 
to staff or other patients 

Pred 

Assoc 

Comp 

Good 

Bass & 

Nussbaum 2010 
(B7) 

Forensic inpatients 

(45) 

NA Canada  not stated IGT visual; Auditory 

CPT (IVA)  

Aggression typology 

Violence tendancy 

VRAG 

 

Pred 

 

Assoc   

Fair-

Poor 

Dinn, 2009 (B9) Violent SZ 

inpatients - had act 

violence, majority 

from forensic 

hospital (34)  

Control group 

inpatients with 

no history of 
violence (29)  

USA  37.43 (9.51) MMSE; WAIS; 
WCST; CPT   

Violence classification 

(based on prior historic 

violent behaviour; 

inpatient violence 

excluded)  

Comp  Fair 
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Fullam & 

Dollan, 2008 

(B10) 

 

 

Violent forensic 

psychiatric 

inpatients  (33)  

Non-violent 
(49)  

 

England non-violent 

group 36.94 

(9.36); violent 

group 35.52 
(9.61) 

CANTAB-2: SOC, 

IDED; NART 

(reading); WASI 

Abbr. 

Inpatient violence 

non-violent = 0 

incidents inpatient 

violence and violent = 

≥1 incidents 

Pred 

Comp  

Fair 

Murphy, 2007 

 (B12) 

Mentally disordered 

offender inpatients 
(30)  

NA England 37.4 (8.4) WAIS; TMT Stroop; 
FAS; TOM 

HoNOS 

CANFOR 

RET 

Assoc  Fair 

Stanford, 2003 
(B16) 

 

 

Premediated 

aggressive 

psychiatric 

outpatients (14) 

 

Non 

aggressive 
(14)  

 

USA Ag = 35.5 

(13.45) 

NAg = 30.5 

(7.89)  

 

Impulsivness; picture 

vocab test; TMT; 

Benton facial 

recognition; ruff 

figural fluency; 
COWAT; WCST 

Premediated aggression 

(semistructured 
interview) 

Comp  Fair 

Young, 1999 
(B19) 

Acute psychiatric 

inpatients prison, 

Low (48)  

High (83)  

 

USA 33.31 (8.19) Halstead-Reitan NP 

battery (examined as 

a composite score)  

Violent behaviour 

history (using 

structured and semi-

structured interview – 

low versus high); 
interview 

Pred 

Comp   

Fair-
Poor 

Krakowski, 

1997 (B20)  

Patients with a 

violent crime in the 
community (33)  

Patients 

without 
history (69) 

 

USA  V = 35.6 

(11.3)  

NV = 34 (9.7)  

WAIS; Word fluency; 

WMS; WCST; QNS; 

Boston naming test;  

COWAT; 

cancellation test; 

draw to command, 
TMT  

Inpatient assault 

(MOAS)  

Assoc 

Comp  

Fair 
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Rasmussen, 
1995 (B21) 

Violent aggressive 
SZ males (13)  

SZ males not 
violent (13)  

Norway Between 20-
45 

Finger tapping; 

reaction time; necker 

cube test; TMT; maze 
test; trigram test  

PCL-R 

CPRS 

NSRS  

Comp  Fair 

Foster, 

Hillbrand, & 

Silverstein, 
1993 (B22) 

Forensic patients 

who have committed 
a violent crime (23)  

NA  USA 29 Stroop; JLOT; 

WCST; Emotion 

perception test; TONI  

Severity and frequency 

of aggression  

Pred 

Assoc  

Poor 

Barkataki, 2005 
(B23) 

Violent incarcerated 
patients SZ (13)   

Nonviolent 

incarcerated 

patients SZ 

(15)  

 

UK  V = 34.5 

(4.94) 

NV = 33.5 

(10.45) 

WAIS; WMS; 

Stroop; TOL; EGT; 
WCST; CPT; AMIPB 

Violent versus 

nonviolent based upon 
historic values  

Comp Good-
Fair 

Lafayette, 2003 
(B24)  

 

SZ outpatients with 

history violent arrest 
(34)  

SZ outpat. 

history non 

violent arrest 

(23) or no 

arrest (39) 

USA  44 (9.4) WAIS-III-R; WCST; 

TMTB; Stroop 

inference; Verbal 

Fluency; finger 

tapping; TMTA 

Violent behaviour 
based on arrests 

Comp  Fair 

Adams, Meloy 

& Moritz, 1990 

(B25) 

Incarcerated SZ 

patients cognitively 

impaired (12) 

Incar. SZ 

patients not 

cog. Imp. (25) 

USA  28.6 (5.1) MMPI; LNNB 

BRPS (categorized as 

impaired versus not 

impaired) 

Violent Behaviour 

rating scale, outpatient 

violence  

Assoc 

Comp  

Fair-
Poor 
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Deu, 1998 
(B28)  

 

 

43 MIO UK divided 

into 4 groups (not 

impulsive good EF; 

impulsive good EF; 

not impulsive bad 

EF; impulsive bad 

EF) 

NOT 
STATED  

 

UK  NOT 
STATED  

 

EF (cog flexibility), 
impulsivity  

Violent versus not 

violent criminal 

behaviour; type of 
offence (planning)  

Comp Fair-
Poor 

Nussbaum, 

Choudhry & 

Martin-

Doto,1996 
(B29) 

30 violent and 
nonviolent MIO 

NOT 
STATED 

CANADA V = 31.4 (9.7) 

NV = 34.8 

(11) 

Cognitive 

impulsivity, locus of 

control, abstract and 

concrete verbal IQ 

(MMFT), 3 relevant 
MMPI subscales  

Violence based on 
offense history   

Comp  Fair  

NOTE: NA, not applicable; SZ, schizophrenia; pred, prediction; Assoc, association; Comp, compairison; SDT, signal detection task; GERT, graded emotional recognition 

task; IAT, implicit association task; PCL-R, psychopathy checklist revised; HCR-20, historical clinical risk management-20;  MCCB, MATRICS consensus cognitive 

battery; IGT, Iowa gambling task; CPT, continuous performance task; MMSE, mini mental state examination; CANTAB, Cambridge neuropsychological test automated 

battery; SOC, stockings of Cambridge; IDED, intra extra dimensional shift; WASI, Wechsler abbreviated scale of intelligence; WAIS, Wechsler adult intelligence scale; 

TMT, trail making test;  FAS, verbal fluency test; TOM, theory of mind; HoNOS, healthy of the nation outcome scale;  RET, revised eye test; CANFOR, Camberwell 

assessment of need – forensic version; COWAT, controlled oral word association test; WCST, Wisconsin card sorting test; NP, neuropsychological; QNS, quantified 

neurological scale; MOAS, modified overt aggression scale; CPRS, the comprehensive psychopathological rating scale; NSRS, the negative symptom rating scale; JLOT, 

judgement of line orientation task; TONI, test of nonverbal intelligence; WMS, Wechsler memory scale; TOL, tower of london; EGT, executive golf task; AMIPB, adult 

memory and information processing battery; BRPS, brief psychiatric rating scale; MMPI, minnesota multiphasic personality invintory; LNNB, Luria-Nebraska 

Neuropsychological Battery; EF, executive functioning; MMFT, matching familiar figures test; VRAG, violence risk appraisal guide;  QNS, quantified neurological scale; 
SCWT, stroop color word test
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Predictive ability of cognitive variables on risk-related variables 

Of the 19 articles included in this review, six included analyses examining the prediction 

of violence or risk-related variables in mentally ill offenders.  Participants were recruited 

from the Netherlands (B1), Ireland (B3), Canada (B7), England (B10), and the United 

States (B19, B22), with average ages ranging from 29-40 (however, one study did not 

include mean age), suggesting a relatively young group of participants.  The total number 

of participants across the six studies is 439, ranging from 23 – 131.   

Cognitive predictor variables were different across all six studies, with minimal overlap 

of measurement techniques and a wide range of abilities measured, namely; executive 

functioning, processing speed, attention, verbal learning, non-verbal learning, visual 

learning, social cognition (including emotion perception), and a composite score of overall 

cognitive abilities.   

Five studies examined prediction of patient-related violent incidents and behaviour (B1, 

B3, B10, B7, B22) and one examined violent history (B19).  All studies examining 

violence apart from one (B3) examined exclusively inpatient samples, suggesting that 

findings are only applicable to within clinic violence.  B1 examined predictive abilities of 

cognitive variables against the PCL-R and concluded that a higher attentional inference 

for threat-related or aggressive stimuli (emotional STROOP) and difficulty to recognize 

subtle happy and mild sad faces predicted number of violent incidents, however effect 

sizes were not reported and confounding variables were not controlled for. Similarly, to 

B1, B10 also examined prediction of inpatient violence and found that both the PCL-SV 

interpersonal facet and current IQ, as measured by the WASI, significantly contributed to 

the predictive equation, whereas PANSS excitement scale score and PCL antisocial facet 

did not. However, the PCL-SV interpersonal facet was more predictive than current IQ 

and violence was quantified as a dichotomous variable.  As a result, findings were not 

relatable to quantity or severity of violent incidents.  Although both B1 and B10 were of 

fair quality, there are methodological discrepancies and flaws surrounding data collection 

that make results less robust.  

B3 also examined violent incidents, however the population examined was a mixed 

inpatient and community sample.  Although processing speed, verbal learning, social 

cognition and the MATRICS composite score all had significant area under the curve 

(AUC’s), once social cognition was removed the composite score no longer was predictive 
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of violence.  Similar to B1 findings, B3 also found that social cognitive variables had 

direct impacts on violent incidents whereas other neurocognitive variables either did not 

or only had impacts through mediation.   

B7 defined violent behaviour as frequency of seclusions in a safety room resulting from 

threat or realization of violence.  It is important to note that this definition greatly contrasts 

the other definitions of violence typically employed.  They included measures of decision 

making (IGT) and attention (IVA) in their predictive model and found that irritable 

seclusions were predicted by the cognitive scoring system but not decision making, 

whereas the prediction of predatory seclusions was the opposite. Although these results 

suggest that cognitive measures are better predictors of irritable violence than motivational 

decision making, it is also important to highlight that confounding variables were not 

controlled for in analysis and there was no specification as to if aggression typology or 

IGT was measured first, making it difficult to determine the true predictive nature of 

results.   

In contrast to the studies that examined violent incidence and behaviours, B19 examined 

the contribution of cognitive abilities to lifetime history of violent behaviour.  Regression 

analyses showed that the Halstead impairment index was one of eight significant 

contributors for identifying inmates with histories of violent behaviour.  However, the 

odds ratios of both demographic variables and psychiatric diagnosis were higher and more 

significant than neuropsychological measures, suggesting that although 

neuropsychological measures may contribute to prediction, it cannot be validated as a 

standalone predictor, but rather as a contributing predictor.       

Aggression was employed as an outcome measure across two studies examining severity 

(B1, B22) and frequency (B22).  Through employing an emotional STROOP task, B1 

found an inability to detect neutral stimuli among negative stimuli to be predictive of 

severity of physical aggression and attentional bias for aggressive and threatening stimuli.  

Furthermore, difficulty in recognizing both mild sad and subtle happy faces was predictive 

of verbal aggression.  Conversely, B22 found that emotion perception (EPT), alongside 

JLOT and STROOP colour word test, were not predictive of severity of aggression, but 

rather frequency of aggression only.  Only 57% of the variance of frequency of aggression 

was accounted for by one index of the STROOP colour word test, EPT and JLOT 

combined, suggesting 43% of the variance remained unexplained. These findings are 



72 
 

uncertain given that no effect sizes were reported and correlational analyses, as opposed 

to regression analyses, were employed to assess prediction.     

As a whole, the evidence appears to suggest that social cognition, global cognition and 

inhibition may be predictive of violent incidents and history; however, the size of these 

effects were largely unreported.  The methodological limitations and discrepancies across 

studies highlight the need for further examination.  Characteristics of the included studies 

and list of acronyms can be seen in table 4.  
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Table 4. Characteristics of studies examining the predictive ability of cognitive variables on risk-related variables 

Author (#) Sample (N) Country  Ave. Age 

(SD)  

Predictor V Outcome V Analysis Summary Findings  

Burgman, 

2016 (B1) 

Male forensic 

psychiatric 

inpatients (69) 

Netherlands 37.9 (7.9) Emotional 

Stroop; 

SDT; GERT; 

IAT; 

Go/NoGo 

 

In-clinic 

violent 

incidents (#); 

Severity of 

verbal, 

physical, 

property 

aggression 

Generalized 

linear mixed 

model 

analyses; 

Backwards 

stepwise 

regression; 

gamma 

regression 

Verbal aggression was 

predicted by increased attention 

towards threat and aggression, 

difficulty to recognize sad and 

happy faces, and PCL-R factor 

2; physical aggression by 

decreased response inhibition, 

higher PCL-R factor 2 and 

lower PCL-R factor 1 scores; 

and aggression against property 

by difficulty recognizing angry 

faces. 

O'Reilly, 

2015 (B3) 

SZ and 

Schizoaffective 

from National 

Forensic MH 

service (89) 

Ireland  40   MCCB: 

Processing 

speed; 

Attention; 

Verbal Learn; 

Visual Learn; 

Reasoning/PS; 

Social Cog 

Violent 

Incidents to 

discharge or 

12-mo FU  

Correlations; 

PROCESS 

macro models 

4 (path 

analysis-based 

moderation 

and mediation 

analysis); 

ANOVA  

Neurocognition operates as a 

distal risk factor mediated 

through more proximal factors. 

Social cognition in contrast has 

a direct effect on violence 

independent of neurocognition, 

violence proneness and 

symptom severity 
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Bass & 

Nussbaum, 

2010 (B7) 

Forensic 

inpatients (45) 

Canada  not stated IGT visual; 

Auditory CPT 

(IVA)  

Aggression 

typology 

Violence 

tendancy 

Correlations; 

Step-wise 

regression  

Predatory seclusions were not 

predicted by the cognitive 

scores. Irritable seclusions were 

predicted by the cognitive 

scoring system.  

Fullam & 

Dollan, 2008 

(B10) 

Forensic 

psychiatric 

inpatients (82)  

England  non-

violent 

group 

36.94 

(9.36); 

violent 

group 

35.52 

(9.61) 

CANTAB-2: 

SOC, IDED; 

WASI Abbr. 

Inpatient 

violence 

Binary 

Logistic 

Regression 

IQ and the interpersonal 

domain of psychopathy were 

significant discriminators of 

violent v. non-violent status. 

Young, 1999 

(B19) 

Acute 

psychiatric 

inpatients prison 

( 131) 

USA  33.31 

(8.19) 

Halstead-

Reitan NP 

battery 

(examined as a 

composite 

score)  

Violent 

behaviour 

history (using 

structured and 

semi-

structured 

interview); 

interview 

Multivariate 

logistic 

regression  

Eight characteristics 

significantly contributed to 

identifying inmates with 

lifetime histories of highly 

violent behaviour (including 

impairment on HII and 

category test)    
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Foster, 

Hillbrand, & 

Silverstein, 

1993 (B22) 

Forensic patients 

who have 

committed a 

violent crime 

(23)  

USA  29 Stroop; JLOT; 

WCST; 

Emotion 

perception 

test; TONI  

Severity and 

frequency of 

aggression  

Whole-set 

correlation 

analyses  

Frequency of aggression, but 

not severity, can be predicted 

using JLOT, STROOP color 

word test and emotion 

perception test.  

NOTE: SZ, schizophrenia; SDT, signal detection task; GERT, graded emotional recognition task; IAT, implicit association task; PCL-R, psychopathy 

checklist revised; MCCB, MATRICS consensus cognitive battery; IGT, Iowa gambling task; CPT, continuous performance task; CANTAB, Cambridge 

neuropsychological test automated battery; SOC, stockings of Cambridge; IDED, intra extra dimensional shift; WASI, Wechsler abbreviated scale of 

intelligence; NP, neuropsychological; JLOT, judgement of line orientation task; WCST, Wisconsin card sorting test; TONI, test of nonverbal intelligence; 
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Association between cognition and risk-related outcome variables 

A total of seven studies reported on the association between cognition and risk- or 

violence-related outcomes in mentally ill offenders.  Participants were from a wide range 

of countries, including Japan (B2), Ireland (B3), Canada (B7), England (B12) and the USA 

(B22, B25, B20).  Average ages ranged from 28.6 – 42.79 where reported, and the total 

number of participants across the six studies is 295, with sample sizes ranging from 23 – 

89, suggesting relatively small sample sizes.   

Cognitive measures included both composite scores and domain specific scores.  Three 

out of six of the studies only reported association between neurocognitive abilities as a 

whole (B2, B3) or as impaired versus not impaired (B25).  The remaining studies reported 

on measures of learning, executive functioning, emotion processing, memory, attention, 

processing speed and intellect. Similar to the previous section of results, very few studies 

employed similar neuropsychological measures or operational definitions of violence.  

Three studies associated cognitive variables with measures of violence (incidents – B3; 

analysis of outpatient violence – B25; inpatient assault – B20), one study associated them 

with a measures of aggression (severity and frequency – B22) and three studies examined 

measures of risk- or needs-assessments (HCR-20 – B2, B12; CANFOR – B12; VRAG – 

B7).  Five out of seven of the studies included inpatient samples only, and the other two 

did not report on inpatient versus outpatient status.  Of the studies examining measures of 

violence, one study found a significant, negative correlation with social cognition, 

however not with neurocognition (B3).  Another study found there only to be a strong 

relationship between outpatient violence history and impaired patients, but not for 

inpatient violence (B25).  However, B25 employed measures of both violence and 

neuropsychological ratings that are no longer utilised, primarily due to validation of newer 

measures since time of publication. Furthermore, inpatient violence was measured only 

over a 7-day period, and was based on violent behaviour as opposed to acts, which 

significantly differs from other definitions of violence employed throughout this review.   

Similar to B25, B20 found that neuropsychological measures were not associated with 

inpatient violence, but were related to a history of community violence.  Of note is that 

inpatient violence was again only measured over a short time span, namely 4 weeks, and 

historic community violence was only related to the WCST and finger tapping.  
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B22 examined neurocognitive variables that were domain specific.  Authors found that 

frequency and severity of aggressive incidents were significantly associated with 

judgement of line (JLO) errors and non-verbal intelligence (TONI quotient) and 

moderately associated with symbol digits’ modality test (SDMT) score.  Frequency was 

also significantly associated with emotional perception of anger errors and moderately 

with STROOP colour word test (SWCT C&W), and severity significantly associated with 

SCWT C&W.  Interestingly, neither were associated with WCST, a measure of executive 

functioning.  Of note is that the sample studied was quite small and there was no mention 

of inpatient versus outpatient status.  Overall results suggested that severity and frequency 

may be related to neurocognitive scores across a variety of domains, similarly to B23, B25 

and B22, however the association between aggression and EF may be specific to 

measurement employed.   

Of the three studies examining the association between violence risk assessment and 

cognitive abilities, two found there to be negative relationships (B2; B12), specifically to 

the HCR-20 total and risk subscale scores.  The significance values of B2 were marginal 

(.054, .052) and therefore would not be deemed significant at a .05 p-level.  In contrast, 

B7 and colleagues found the VRAG not significantly associated with the IGT.  Although 

significance at a .1 p-value was only found between overall cognitive functioning and the 

HCR-20 (B2), when separated out into domain specific cognitive abilities B12 and 

colleagues found significant links with full scale IQ, working memory, PS, executive 

functioning and the HCR-20 and CANFOR. However, when the HCR was divided into 

different components, only the historic and risk scales were significant whereas the total 

and clinical scales were not.  Furthermore, based upon the number of variables entered 

into the analysis in B12, and lack of reporting of power calculations and demographic 

details of participants, results cannot be deemed robust. 

In summation, there appears to be a relationship between cognition and violence, however 

the size, cause, direction and specifics of this relationship (i.e., type of violence, type of 

cognitive abilities) require further examination.  Specifically, the association between risk 

assessment and violent incidents to social cognition, executive functioning and working 

memory requires more in-depth and robust analysis.  Characteristics of the included 

studies and acronyms can be seen in table 5.  
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Table 5. Characteristics of studies examining the association between cognition and risk-related outcome variables  

Author (#) Sample (N)  Country Age (SD)  Predictor V Outcome V Analysis Summary Findings  

Nishinaka, 

2016 

 (B2) 

Forensic patients 

(71) 

Japan 42.79 

(11.92) 

Cog State 

Battery 

composite 

score 

PCL-R 

HCR-20 

Correlations  Negative correlations between 

the CSB composite score and 

both the PCL-R Factor 2 score  

and HCR-20 R score were 

marginally significant in 

forensic patients. 

O'Reilly, 

2015 (B3) 

SZ and 

Schizoaffective 

inpatients from 

National 

Forensic MH 

service (89) 

Ireland  40 MCCB: 

Processing 

speed, 

Attention, 

Verbal Learn, 

Visal Learn, 

Reasoning/PS, 

Social Cog 

Violent 

Incidents to 

discharge or 

12-mo FU  

Correlations; 

PROCESS 

macro models 4 

(path analysis-

based 

moderation and 

mediation 

analysis) 

Neurocognition operates as a 

distal risk factor mediated 

through more proximal 

factors. Social cognition in 

contrast has a direct effect on 

violence independent of 

neurocognition, violence 

proneness and symptom 

severity 

Bass & 

Nussbaum, 

2010 (B7) 

Forensic 

inpatients (45) 

Canada  not stated IGT  

 

VRAG 

 

Correlations IGT scores correlated 

significantly with the total 

value of the VRAG scores 

only.  
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Murphy, 

2007 

 (B12) 

Mentally 

disordered 

offender 

inpatients (30)  

England 37.4 (8.4) WAIS; TMT 

Stroop; FAS; 

TOM 

HoNOS 

CANFOR 

RET 

Correlations  The link between IQ, WM, PS 

and other EF are related to an 

individual’s rating on HoNOS 

secure, CANFOR and HCR-20 

made 3 years later.  

Foster, 

Hillbrand, & 

Silverstein, 

1993 (B22) 

Forensic patients 

who have 

committed a 

violent crime 

(23) 

USA  29  Stroop; JLOT 

WCST; 

Emotion 

perception test 

TONI  

Severity and 

frequency of 

aggression 

scores  

Intercorrelations   The combination of JLO 

errors, SCWT C&W, and EPT 

anger errors best accounted for 

variance in frequency and 

severity of violence 

Adams, 

Meloy & 

Moritz, 1990 

(B25) 

Incarcerated SZ 

patients (37) 

USA 28.6 (5.1) MMPI; 

LNNB; BRPS 

(categorized 

as impaired 

versus not 

impaired) 

Violent 

Behaviour 

rating scale, 

outpatient 

violence (no 

one, mild, 

moderate, 

severe)  

CHI    No relationship between 

inpatient violence category 

and imp/NIMP status, 

however a strong relationship 

between outpatient violence 

history and IMP/NIMP.  The 5 

most violent patients were all 

IMP patients.  
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Krakowski, 

1997 (B20)  

 

Patients with a 

violent crime in 

the community 

(33) 

USA  35.6 (11.3) WAIS, Word 

fluency, 

WMS, WCST, 

QNS, Boston 

naming test, 

COWAT, 

cancellation 

test, draw to 

command, 

TMT  

Inpatient 

assault 

(MOAS)  

ANOVA and 

CHI  

Neuropsychological 

impairments were not 

associated with inpatient 

violence but were associated 

with a history of community 

violence    

NOTE: SZ, schizophrenia; CBS, cog state battery; PS, problem solving; EPT, emotion processing test; PCL-R, psychopathy checklist revised; MCCB, 

MATRICS consensus cognitive battery; IGT, Iowa gambling task; JLOT, judgement of line orientation task; WCST, Wisconsin card sorting test; TONI, 

test of nonverbal intelligence; IMP, impaired; NIMP, not impaired; WMS, Wechsler memory scale; WAIS, Wechsler adult intelligence scale; TMT, trail 

making test; WM, working memory; HCR-20, historical clinical risk management-20; VRAG, violence risk appraisal guide; TOM, theory of mind; HoNOS, 

healthy of the nation outcome scale; COWAT, controlled oral word association test; SCWT, stroop color word test; FAS, verbal fluency test; BRPS, brief 

psychiatric rating scale; RET, revised eye test; CANFOR, Camberwell assessment of need – forensic version; LNNB, Luria-Nebraska Neuropsychological 

Battery; QNS, quantified neurological scale; MOAS, modified overt aggression scale;  
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Comparison of violent and non-violent groups  

The most common type of study methodology was group comparison, in which 

approximately 70% of studies (12/17) included results comparing violent versus 

nonviolent patients on cognitive variables, or impaired versus not impaired patients on 

violence.  Of the 12 studies included, four (B20, B10, B23, B21) matched comparison 

groups on a number demographic and of clinical characteristics, four (B3, B9, B24; B29) 

assessed demographics and clinical differences between groups but did not match groups 

prior to examination, one (B19) examined demographic differences but not clinical 

differences between groups, and three (B16, B25, B28) did not examine differences or 

match controls.   

Ten studies compared violent versus not violent populations and reported on cognitive 

domain differences and two studies examined violent-outcome differences in cognitively 

impaired versus not impaired groups of MIO’s.  Participants were drawn from five 

different countries, namely Ireland (B3), USA (B9, B16, B19, B20, B24, B25), Canada 

(B29), England (B10, B23, B28), and Norway (B21). Average ages of violent offenders 

ranged from 28.6 – 44 years old. 

Cognitive measures included both composite scores and domain specific scores and there 

was a large variation of assessment type employed across studies. Operational definitions 

of violence greatly differed and were coded based on a range of historical factors, nature 

of offense(s), behaviour rating scales and inpatient behaviour.  As operational definitions 

of outcome variables can cause discrepancy across findings, we will examine studies that 

compared violent versus nonviolent patients as a whole as well as divided according to 

definition of violence, namely inpatient violence, historic violent behaviour (including 

arrests) and place of residence (i.e., inpatient versus outpatient).   

Of the ten studies that compared violent to nonviolent patients, two defined violence as 

being related to inpatient incidents and behaviours.  B3 compared forensic inpatients 

diagnosed with schizophrenia and schizoaffective disorder and found that individuals 

classified as violent while inpatients showed significantly more deficit in areas of 

processing speed, verbal learning, social cognition and global cognition with effect sizes 

in the large range (Cohens d range = .76-1.14).  However, only verbal learning and social 

cognition emerged as significantly different between groups following Bonferroni 

correction for multiple testing.  Similarly, B10 found that violent inpatients performed 
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significantly worse on measures of IQ, verbal learning, and reading abilities, none of 

which reached significance following Bonferroni correction.   

Violence was defined based upon historic information, namely historic violent behaviour, 

arrests, criminal behaviour, type of crime, by seven studies examining violent versus 

nonviolent patients.  B9, B29 and B24 found that there were no neuropsychological 

differences between violent and nonviolent inpatients.  However, two of these studies 

examined a population diagnosed with schizophrenia only (B9, B24) and the third study 

had a very small sample size, suggesting results may be only generalizable to individuals 

with a diagnosis of schizophrenia and that the lack of findings may be a result of studies 

being underpowered to detect significant effect sizes.  In addition, B9 only included 

community violence after diagnosis, suggesting these results are not generalizable to the 

association with inpatient violence.  Furthermore, although violence history was 

documented through both self-report and criminal background checks, violence was solely 

based on criminal data and as a result, no incidents without conviction would have been 

included.   

In contrast, B19 and B20 found significant differences across certain domains of cognition, 

whereas B23 and B16 only found significant difference on a singular domain.  All four 

studies found significant differences between groups on measures of executive functioning, 

whereby violent patients performed significantly worse than on violent patients, however 

only one study reported size of effects, and they were found to be small (B23).   Impaired 

performance on global cognitive measures and psychomotor abilities were also shown to 

be present in violent groups by B19 and B20 respectively. Operational definitions of 

violence varied greatly between the four studies, and only two studies (B23, B20) of the 

four studies matched participants on demographic and/or clinical variables.  As we know 

that there are other risk factors for violence that could confound results, such as substance 

use disorder or gender, not matching participants’ on these factors can significantly affect 

findings.  

One study based violence on residency, namely a forensic hospital with aggressive patients 

versus a psychiatric hospital (B21), and patients were matched for age, time in institution 

and diagnosis.  Violent aggressive males diagnosed with schizophrenia were compared to 

non-violent males with schizophrenia on measures of reaction time and inhibition and 

found that, in contrast to what was expected, non-aggressive patients scored worse on most 
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tests.  However, the aggressive group did show a trend of performing worse on measures 

relating to frontal lobe dysfunction, consistent with findings on deficit executive 

functioning, which was not measured in this study.  Nonetheless, no effect sizes were 

reported and the sample size was small.  Further, the measure used to collect 

neuropsychological data (APT) is no longer commonly employed throughout research; 

however, it was viewed as valid at the time of assessment.  

Finally, two studies included this review compared neuropsychological impaired versus 

not impaired groups of MIO’s on measures of violent/criminal behaviour (B25; B28).  B25 

examined both inpatient and outpatient violence and found that impairment on global 

cognition was not related to inpatient violence but was related to outpatient violence 

history, and that the most violent patients all evidenced impairment.  However, inpatient 

violent behaviour was only measured over a 7-day period.  In contrast, B28 defined 

impaired versus not impaired based upon impulsivity and executive functioning rather 

than global cognition. There were significantly more violent patients with greater 

impairment on measures of impulsivity as compared to nonviolent patients, suggesting 

that decreased inhibition is prevalent amongst violent patients. However, neither one of 

these studies matched nor assessed comparison groups on clinical or demographic 

variables, and neither reported on sizes of effects, highlighting two important 

methodological caveats.  

Similar to the previous two result sections, there are a number of methodological issues 

that make it difficult to effectively synthesize results.  However, trends emerged 

suggesting that executive functioning, social cognition and impulsivity may differ between 

violent and non-violent individuals.  Results also suggested a range of cognitive variables 

that do not emerge as different between violent and non-violent groups, emphasizing the 

need for further, more robust examination.  Characteristics of the included studies can be 

seen in table 6.  
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Table 6: Characteristics of studies comparing violent and non-violent groups of individuals  

Author (#) Sample 

Violent/IMP (N) 

Sample 

Nonviolent/NIMP  

Country  Age (SD) Cognitive Variables  Violence 

Variables  

Summary Results  

 O'Reilly, 

2015 (B3) 

 

 

SZ and 

Schizoaffective 

violent 

inpatients from 

National 

Forensic MH 

service (10)   

Nonviolent (79)  

 

Ireland  40  MCCB: Processing 

speed, Attention, Verbal 

Learn, Visual Learn, 

Reasoning/PS, Social 

Cog 

violent if they 

were the clear 

instigator or co-

aggressor, and if 

the incident 

involved harm 

to staff or other 

patients 

Violent performed significantly 

worse on the processing speed, verbal 

learning, social cognition, and 

matrics total composite scores than 

nonviolent. After Bonferroni 

correction violent and non-violent 

groups differed on the verbal learning 

domain and the social cognitive 

domain.  

Dinn, 2009 

(B9) 

Violent SZ 

inpatients - had 

act violence, 

majority from 

forensic hospital 

(34)  

Control group = 

inpatients with no 

history of 

violence (29)  

 

USA  37.43 

(9.51) 

MMSE; WAIS; WCST; 

CPT   

Violence 

classification 

(based on prior 

historic violent 

behaviour; 

inpatient 

violence 

excluded)  

No Sig difference between groups on 

any NP measures or 

neurodevelopmental measures.  

 

Fullam & 

Dollan, 2008 

(B10) 

 

Violent forensic 

psychiatric 

inpatients  (33)  

Non-violent (49)  

 

England V = 

35.52 

(9.61) 

NV = 

36.94 

(9.36) 

CANTAB-2: SOC, 

IDED; NART (reading); 

WASI Abbr. 

non-violent = 0 

incidents 

inpatient 

violence; 

violent = ≥1 

incidents  

Sig difference between NART IQ, 

WASI IQ, WASI vocab between 

groups only. 
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Stanford, 

2003 (B16) 

 

 

Premediated 

aggressive 

psychiatric 

outpatients (14) 

Non aggressive 

(14)  

 

USA Ag = 

35.5 

(13.45) 

NAg = 

30.5 

(7.89)  

 

Impulsivness; picture 

vocab test; TMT; Benton 

facial recognition; ruff 

figural fluency; 

COWAT; WCST 

Premediated 

aggression 

(semistructured 

interview) 

On neuropsychological measures no 

sig group differences were detected 

with the exception of WCST failure 

to maintain set whereby premeditated 

subjects exhibited more failures to 

maintain set.  

Young, 1999 

(B19) 

Acute 

psychiatric 

inpatients 

prison, Low (48)  

High (83)  

 

USA  33.31 

(8.19) 

Halstead-Reitan NP 

battery (examined as a 

composite score)  

Violent 

behaviour 

history (using 

structured and 

semi-structured 

interview – low 

versus high); 

interview 

Significant difference between high 

versus low violent patients on overall 

cog functioning and abstract 

reasoning (high violent were more 

impaired).     

Krakowski, 

1997 (B20)  

 

Patients with a 

violent crime in 

the community 

(33)  

Patients without 

history (69) 

 

USA  V = 35.6 

(11.3)  

NV = 34 

(9.7)  

WAIS; Word fluency; 

WMS; WCST; QNS; 

Boston naming test;  

COWAT; cancellation 

test; draw to command, 

TMT  

Inpatient assault 

(MOAS)  

Patients with community violence 

performed more poorly on the 

Wisconsin Card Sorting Test and on 

psychomotor tasks. Inpatient assaults 

were not associated with these 

neuropsychological impairments. 

Rasmussen, 

1995 (B21) 

Violent 

aggressive SZ 

males (13)  

 

SZ males not 

violent (13)  

 

 

Norway Between 

20-45 

Finger tapping; reaction 

time; necker cube test; 

TMT; maze test; trigram 

test  

PCL-R 

CPRS 

NSRS  

Ag do not have a ''double dose'' of 

neuropsychological impairment. 

However, they do display a specific 

pattern of neuropsychological 

dysfunction that is consistent with 

frontal lobe dysfunction. 

Barkataki 

(B23) 

Violent 

incarcerated 

patients SZ (13)   

Nonviolent 

incarcerated 

patients SZ (15)  

UK  V = 34.5 

(4.94) 

NV = 

WAIS; WMS; Stroop; 

TOL; EGT; WCST; 

CPT; AMIPB 

Violent versus 

nonviolent 

There was no significant difference 

between the NV and V groups on 

neuropsychological measures, other 
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  33.5 

(10.45) 

based upon 

historic values  

than better performance on a measure 

of executive function.  

Lafayette, 

2003 (B24)  

SZ outpatients 

with history 

violent arrest 

(34)  

SZ outpat. history 

non-violent arrest 

(23) or no arrest 

(39) 

USA  44 (9.4) WAIS-III-R; WCST; 

TMTB; Stroop 

inference; Verbal 

Fluency; finger tapping; 

TMTA 

Violent 

behaviour based 

on arrests 

No significant differences in 

neuropsychological test scores or 

clinical ratings were found between 

the three groups 

Nussbaum, 

Choudhry & 

Martin-

Doto,1996 

(B29) 

 

 

30 violent and 

nonviolent MIO 

NOT STATED CANADA V = 31.4 

(9.7) 

NV = 

34.8 (11) 

Cognitive impulsivity, 

locus of control, abstract 

and concrete verbal IQ 

(MMFT), 3 relevant 

MMPI subscales  

Violence based 

on offense 

history   

Results indicate that these variables 

do not readily distinguish between 

groups of violent and nonviolent 

mentally disordered offenders. 

Analyses of relationships between 

these variables suggest that measures 

of cognitive impulsivity are strongly, 

though negatively, related to 

measures of verbal intelligence.  

Adams, 

Meloy & 

Moritz, 1990 

(B25) 

Incarcerated SZ 

patients 

cognitively 

impaired (12) 

Incar. SZ patients 

not cog. Impaired 

(25) 

USA  28.6 

(5.1) 

MMPI 

INNB 

BRPS 

Violent 

Behaviour 

rating scale, 

outpatient 

violence (no 

one, mild, 

moderate, 

severe)  

No relationship between inpatient 

violence category and imp/NIMP 

status, however a strong relationship 

between outpatient violence history 

and IMP/NIMP.  The 5 most violent 

patients were all IMP patients.  

Deu, 1998 

(B28)  

 

43 MIO UK 

divided into 4 

groups (not 

impulsive good 

EF; impulsive 

NOT STATED  

 

UK  NOT 

STATED  

 

EF (cog flexibility), 

impulsivity  

Violent versus 

not violent 

criminal 

behaviour; type 

Significantly more of those with high 

impulsivity scores were violent 

offenders (computing interpersonal 

and property violence) as compared 

to those with low impulsivity scores. 
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 good EF; not 

impulsive bad 

EF; impulsive 

bad EF) 

of offence 

(planning)  

NOTE: SZ, schizophrenia; MCCB, MATRICS consensus cognitive battery; PS, problem solving; MMSE, mini mental status exam; WAIS, wechsler adult 

intelligence scale; WCST, wisconson card sorting test; CPT, continuous performance test; NP, neuropsychological; TMT, trail making test; Ag, aggressive; 

NAg, not aggressive; PCL-R, psychopathy checklist revised; WMS, wechsler memory scale; TOL, tower of london; V, violent; NV, not violent; IMP, 

impaired; NIMP, not impaired; EF, executive functioning; LNNB, Luria-Nebraska Neuropsychological Battery; BRPS, brief psychiatric rating scale; 

COWAT, controlled oral word association test; QNS, quantified neurological scale; CANTAB, Cambridge neuropsychological test automated battery; 

SOC, stockings of cambridge; IDED, intra extra dimensional shift; WASI, Wechsler abbreviated scale of intelligence; MMPI, minnesota multiphasic 

personality invintory; EGT, executive golf task; AMIPB, adult memory and information processing battery; CPRS, the comprehensive psychopathological 

rating scale; NSRS, the negative symptom rating scale; NART, the national adult reading test; MMFT, matching familiar figures test; MOAS, modified 

overt aggression scale
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3.4 Discussion  

There is an apparent lack of robust evidence examining the impact of cognition on violence, 

aggression, and/or other risk-related variables in mentally ill offender populations.  As 

there were only seventeen studies examining cognition and violence in MIO populations 

included in this review, the generalizability of the presented findings is restricted.  There 

was a wide scope of risk-related outcomes and cognitive variables employed by studies 

included in this review with little consensus as to what constitutes a valid measure, further 

increasing the difficulty of providing robust overall conclusions.   Firstly, we will discuss 

the outcomes of the three study approaches separately and subsequently we will discuss 

limitations of the literature that may have impacted the present results.  

Predictive ability of cognition on violence  

Despite the limited data available, a few trends emerged regarding the the prediction of 

violence and aggressive incidence using cognitive variables. Although it appears that there 

is some predictive value of cognitive variables for violence-related outcomes, this is 

specific to certain abilities and definitions of violence.  Based on the widespread of 

assessments used for measurement of cognition, and limited reporting of effect sizes, the 

subsequent trends should be interpreted with caution. B1, B3, and B22 all suggested that 

social cognition, more specifically processing and identifying emotions, were significant 

predictors of violent and/or aggressive incidents.  However, the way in which the three 

studies measured social cognition and quantified violent incidents were different, and 

effect sizes were only reported for one study (B3), which suggested large effects.  The 

only study that emerged as having a quality rating of good was B3, and B22 was rated as 

poor.  Although both B1 and B22 used violent incidents as a measure of violence, B22 

used a severity and frequency of violence questionnaire that is no longer employed.   

Nonetheless, this trend is similar to prior research suggesting that FAR deficits are more 

linked to risk of criminal behaviour that history of violence (Weiss et al., 2006).  In some 

cases, this was apparent over and above other neurocognitive variables.  These results 

were evident across inpatient and community based samples.  Results also suggest that 

violent behaviour within inpatient settings (B7) as defined by seclusions were also 

predictable through means of cognitive assessment.  

Our findings are comparable to the existing literature that examines prediction of violence 

in psychiatric samples without histories of criminal offences.  Bowie et al. (2001) found 
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that cognitive functioning did not predict inpatient aggression in a sample of older 

inpatients, whereas other studies suggest cognitive variables, including immediate 

memory, visuospatial ability, language ability, attention, and verbal learning, are in fact 

predictive of violence and aggression in psychiatric inpatient samples (Serper et al., 2005; 

Waldheter et al., 2005).  Similar to the mixed findings seen between studies examining the 

prediction of violence and aggression in psychiatric inpatient populations, our results seem 

to suggest that there may be evidence of predictive abilities of certain cognitive abilities 

towards violence, however results are derived from studies with a wide range of 

methodological flaws.  Of the six studies examining predictive ability, three did not control 

for any covariates or confounding variables, four did not report effect sizes, and only one 

both controlled for confounding variables and reported effect sizes.  Further research 

employing more robust methodologies and operational definitions of violence are needed.     

Further, it has been suggested that the relationship between neuropsychology and violence 

may be distal and more of a moderator than direct contributor, perhaps contributing to the 

nature of mixed findings throughout the literature.  Indeed, attribution style has been 

shown to be more predictive of violence than cognition (Waldheter et al., 2005), which is 

similar to the findings of B3 et al. whose findings suggested that, based on mediation 

analyses, perhaps neuropsychological abilities are distant factors mediated by more 

proximal factors.  

The association between cognition and violence  

Similar to studies examining the predictive values of cognition for violence, there was a 

lack of studies examining the association between cognition and violence.  Three studies 

examinied the association between violence, operationally defined by behaviour and 

history, and cognition. Two of these studies reported on global cognition (B3, B2), and 

neither one of these studies found an association at a significance level of p <.05.  Global 

cognition impairments were found to be associated with outpatient violence history but 

not inpatient violence (B25) and the opposite was found by another study (B20).  However, 

outpatient violence was measured historically in B20, and inpatient violence only 

documented over a 4-week period.  Similarly, B25 only recorded inpatient violent 

behaviour – which differs from violent incidents - over a 7-day period, and compared 

cognitively impaired versus not impaired groups that were not matched on any 

demographic or psychiatric variables. As a result, these findings are not generalizable to 

longer-term follow-ups. Furthermore, it is possible that the two different measures 
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employed within these studies were in fact measuring and/or rely heavily on the use of 

different cognitive domains.  Indeed, prior research finds that certain domains are known 

to be more associated with violence than others (Marceau, Meghani & Reddon, 2008).   

Interestingly, social cognition emerged as more associated with violence than 

neurocognition (B3) in the third study.  However, this result is only based on one study 

with a small sample size (n=40), and social cognition was based on a social reasoning test 

(Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT)), as opposed to emotional 

recognition, which vary greatly in nature.  It is possible that the MSCEIT (emotion 

management) has a different relationship with violence and neurocognition than measures 

of emotional recognition.  Indeed, a standardized measurement of social cognition in 

psychiatric research has yet to be depicted (Nuechterlein et al., 2008 as cited in O’Reilly 

et al., 2015).  

When examining aggression-related and risk-assessment outcome variables there appear 

to be significant relationships that are domain specific.  Although certain measures of 

executive functioning and intellect appeared to be associated with both aggression and 

risk-related outcomes, others do not, and the way in which executive functioning is 

measured greatly varies.  These results suggest that perhaps even further break down of 

cognitive domains (i.e. subcomponents of executive functioning) and specification of 

gold-standard measures for primary cognitive abilities may be required to determine which 

specific abilities relate to risk-related variables.   

The results presented were all derived from studies quantified as having only fair 

methodological quality, apart from one study which was deemed good (B3).  None of the 

other five studies reported effect sizes, and only one of these (B20) controlled for 

confounding variables.  As a result, these studies lack vigorous findings, and even if they 

were robust might only be generalizable to younger (<45) inpatient samples, as the only 

studies included in this review were of that nature.  Moreover, although there was a wide 

range of countries from which samples were drawn, sample sizes were relatively small 

and approximately 70% of the overall sample was either UK or North America based, 

which may have cultural and/or legal implications.   

Comparison of violent and non-violent groups 

The most common type of study included in this review compared groups of violent versus 

nonviolent and cognitively impaired versus not impaired patients. Although we were able 
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to examine results across a larger collection of studies, synthesis of findings is difficult 

because of multiple methodological limitations of set studies. Specifically, only one third 

of the studies included in this review matched comparison groups on demographic and 

clinical variables.  As a result, the findings of these studies, and our synthesis of findings, 

should be cautiously interpreted.   

Nonetheless, our findings preliminarily suggest that, when comparing violent versus 

nonviolent groups of patients, there appear to be more pronounced cognitive deficits in 

violent groups, however these deficits may be localised to certain cognitive domains and 

dependant on definition of violence. Specifically, we only found executive function 

discrepancies to be existent when looking at historic violence as opposed to inpatient 

violence in just over half of the studies, with definitions of executive functioning greatly 

varying.  This is in line with previous research evidencing the link between executive 

functioning and violent or aggressive behaviour (Nazmie et al., 2013; Lau & Phil, 1996).  

Interestingly, the two studies that did not evidence executive functioning differences found 

significant associations between violent groups and comorbid diagnoses, specifically 

alcohol and head injury (B9, B24).  Further, B21 and colleagues also reported deficit in 

cognitive domains that are specific to frontal lobe dysfunction, which is also potentially 

impacted by head injury and substance misuse.  These results suggest that perhaps the 

cognitive deficits seen are as a result of comorbid disorders that influence violence (and 

frontal lobe functioning) and, therefore, examination of these comorbidities and brain 

region may be increasingly applicable.   

Furthermore, we did not find there to be any difference between violent and nonviolent 

groups on measures of memory, and global cognition was only impaired in violent patients’ 

as compared to non-violent in two of the included studies.  Additionally, there appears to 

be a trend that suggests that patients depicted as violent (defined by inpatient violence) 

have greater deficits across learning abilities, specifically verbal learning.  However, 

despite this finding emerging from a good quality paper (B3), verbal learning was not 

examined by any other study.  

When comparing impaired versus not impaired groups there again appears to be deficit 

across abilities associated with the frontal lobe dysfunction, namely executive functioning 

and impulsivity.  Overall, it appears that there is a trend suggesting that executive 

functioning deficits are more prevalent in historically violent patients as compared to 
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patients with nonviolent histories.  This is in line with the belief that frontal lobe 

dysfunctions are more prevalent in violent patients, given that the frontal lobe controls 

executive functioning.  Additionally, impairments across social cognition, verbal learning, 

impulsivity and global cognition may also be associated with historic and inpatient violent 

behaviour, however not enough research exists examining these links that enables us to 

make a robust or reliable conclusion. In addition, majority of the studies included in this 

review that measured these abilities had different conceptual definitions of both violence 

and social cognition, making it difficult to interpret synthesized results as valid. 

Furthermore, greater than half of the studies comparing groups examined solely mentally 

ill offenders with a primary diagnosis of schizophrenia, and therefore results may not be 

generalizable to MIOs with other primary diagnoses. 

Similar to the prior two discussion sections, it became increasingly difficult to examine 

results of studies comparing violent versus not-violent patients in unison, based upon 

methodological discrepancies.  More specifically; (a) how groups were categorized; (b) 

variation in measures of cognition and; (c) lack of matching participants from comparison 

groups on key variables that are either speculated or probable to impact the variables being 

measured all emerged as significant flaws in the current literature.  

Summary  

Overall, studies examining the association between cognition and violence propose there 

to be a relationship between cognition and violence in mentally ill offenders that is 

localised to certain domains and differs according to how violence is operationalised.   

However, it is important to note that there were multiple methodological caveats in the 

previous literature cited that make it difficult to interpret results as robust.  Specifically, 

only one study was coded as good quality by both quality ratters, and there was a dearth 

of studies that examined confounding variables or used commonly employed definitions 

of violence.  

The results of this review suggest that it is possible that measures of social cognition 

(including FAR) (B1, B22, B3) are predictive of violent or aggressive incidents / 

behaviour in MIO populations, however social cognition was measured using different 

assessments in all three studies.  Similarly, social cognition again emerged as being the 

associated with aggressive incidents and violent behaviour (B22, B3) in mentally ill 

offenders, followed by measures of intellect (B22), executive functioning (B22) and global 
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cognition (B25), however majority of effect sizes, where reported, were small.  These 

results are in line with previous research that evidences the link between FAR and violence 

/ antisocial behaviour (Weiss et al., 2006; Marsh & Blair, 2008; Silver et al., 2005), but 

clearly highlight the need for further examination and depiction of a standardized measure 

of social cognition.  In line with this suggestion is the need to determine standardized 

definitions of violence and to motivate researchers to include effect sizes in publications.  

In contrast to previous literature, we did not find executive functioning or impulsivity to 

be especially predictive or associated with violence, but rather only emerged as relevant 

across one study each.  However, when comparing violent versus nonviolent groups of 

MIOs using historic measures, executive functioning deficits were more common in 

violent offenders across multiple studies (B19, B20, B23, B16), despite the clear 

differences of operational definitions of violence between set studies.  However, the effect 

size was only reported for one of these studies, and it was small.  There was no trend in 

relation to inpatient versus outpatient status or definition of violence.  These results 

suggest that the link between executive functioning and violence may exist, regardless of 

context or definition of violence. The main commonality across studies was the 

measurement used for EF, namely the WCST was used in three quarters of the studies 

included. However, it was also used throughout multiple prediction and association studies, 

which did not find EF to be relevant.  Our results are somewhat consistent with the existing 

literature base that have mixed results whereby some suggest that EF has a direct 

implication on violence (Barbosa & Luis, 2008; Nazmie et al., 2013) whereas others 

suggest it does not (De Brito & Hodgins, 2009).   

Global cognition (B19), verbal learning (B3), IQ (B10) and social cognition deficits (B3) 

were also found to be more pronounced in violent as compared to nonviolent MIO’s.  

However, there were three studies that found there to be no differences between violent 

versus nonviolent groups (B9, B24, B21).  However due to methodological constraints 

these findings cannot be bolstered nor reported as robust.  Furthermore, although there 

was a wide range of cognitive assessments included across the three studies, all three only 

examined populations diagnosed with schizophrenia, suggesting these results may not be 

generalizable to other diagnoses.   

When comparing cognitively impaired versus not impaired groups, those with global 

cognitive deficits were at an increased risk of outpatient violence (B25) and those with 
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impulsivity deficits were more likely to partake in violent incidents/behaviour (B28).  

Interestingly, we did not find that impulsivity or inhibition was significantly associated or 

linked with violence apart from this study and one other (B1).  Our findings contradict 

prior research suggesting a prominent link between impulsivity and both violent and non-

violent recidivism (DeJong, Virkkunen & Linnolia, 1992; Rice et al., 1990).  Furthermore, 

prior research has reported that impulsivity appears to be more impaired in persistent 

violent mentally ill offenders whereas EF was not (De Brito & Hodgins, 2009), despite 

both EF and impulsivity are central to frontal lobe functioning which is known to be 

associated with violence.  Conversely, we found the opposite – that EF was more 

associated with violence than impulsivity.  

Individuals with frontal lobe damage have been found to have an increased amount of 

aggressive and impulsive behaviour and deficits in executive functioning (18-20) and 

prefrontal network damage was found to be most associated with recurrent impulsive 

aggression in a review by Brower and Price (2001).  Authors further concluded that 

executive function deficits may indirectly have impact on risk of violence by means of 

impulsivity.  Therefore, it is possible that the discrepancy seen between our results and 

prior research is due to overlap in brain areas responsible for both impulsivity and EF, and 

that perhaps certain measures of EF are actually relying on inhibition and vice versa.   

These results highlight that, perhaps, executive functioning and impulsivity are relevant 

but should be measured with caution and moderation analyses should be conducted to 

examine the impacts of frontal lobe disorders where possible, as we know that both 

cognitive domains are impacted by damage to this are of the brain.  Indeed, two of the 

studies included in this review that did not find associations between cognition and 

violence did find that group differences existed between co-occurring substance abuse (B9; 

B24), which is known to be associated with frontal lobe damage.  Similarly, B21 and 

colleagues found that aggressive patients diagnosed with schizophrenia display a pattern 

of cognitive dysfunction constant with frontal lobe dysfunction despite finding that 

nonaggressive individuals diagnosed with schizophrenia performed worse on an array of 

cognitive assessments.   

Methodological limitations of studies included 

There are a wide range of methodological limitations in the studies included in this review, 

many of which have been longstanding issues in violence research and are difficult to 
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overcome.  As a result, majority of the studies included in this review did not exceed a fair 

quality assessment rating.  Discrepancies across the definitions of both violence and 

mentally ill offender may pose significant issues in terms of generalizability of results.  

Although some studies choose to utilise facts to define the difference between violent and 

nonviolent MIOs, such as criminal convictions or arrests, it is well known that many 

violent acts do not result in conviction, particularly those in hospital.  Furthermore, in 

studies using self-report or observational measures, the extent to which bias has impact on 

results can only be controlled by blinding, which has its own flaws.  As a result, bias is 

partially unavoidable and unmeasurable.    

Secondly, the conceptualization of violence across all 17 studies greatly varied and it was 

often not specified if the outcome variables were being measured prior to measurement of 

the exposure variables.  There were few studies that matched violent versus not violent 

groups on demographic or clinical characteristics, making it possible that findings were 

attributable to external variables as opposed to those being measured.  In order to produce 

more robust findings, it is critical for researchers to report effect sizes and examine the 

impacts of confounding variables. 

Additionally, mentally ill offenders are a heterogeneous group of individuals, and 

individual differences, such as comorbid disorders, may have massive impacts on 

cognition.  Indeed, over half of the studies included in this review only included solely 

those diagnosed with schizophrenia, making results more difficult to generalize to other 

diagnoses, and less than half examined the impacts of confounding variables.  Very few 

of the studies included in this review examined comorbidities as possible contributors to 

neuropsychological change, and those that did examine comorbidities found there to be 

substantial impact (B9; B24).  Therefore, perhaps the association between violence and 

cognition is mediated by comorbid disorders; however, we were unable to examine this.  

Additionally, what qualifies someone as an ‘offender’ differs between countries due to 

inconsistent nature of legislation and legal proceedings.   

Furthermore, there was a wide scope of cognitive domains assessed and cognitive 

assessments utilised that varied greatly from study to study.  There were very few 

cognitive domains in which an extensive amount of research existed, thus preventing 

reliable conclusions. Furthermore, certain cognitive domains in this population remain 
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under researched and therefore there is little consensus of the relationship between these 

domains (i.e. memory) and violence.  

Limitations of this review  

There is a lack of literature examining mentally ill offenders and therefore the amount of 

literature we were able to include in this review was minimal.  As such, the results are 

based on a small sample of studies (majority of which also have small samples), decreasing 

the overall generalizability of our findings.  We were also unable to conduct meta-analytic 

analyses due to the lack and inconsistency of data available.   

Secondly, we did not focus on the examination of comorbid disorders or the impacts of 

medication, both of which are known to have impact on cognitive variables. This was 

primarily due to the scarcity and inconsistencies in reporting comorbidities seen across 

studies. Furthermore, the average age of participants included in this review was quite 

young and therefore results may not be consistent or comparable to results derived from 

older populations.   

We recommend future researchers, once the literature base has grown, to include meta-

analytic investigation of results as well as examine moderation effects of frontal lobe 

damage and the disorders that may cause this.  

3.5 Conclusion   

Although the majority of the evidence appears to suggest a relationship between violence 

and cognition in mentally ill offenders, only a minority of results are currently 

generalizable to MIOs with diagnoses other than schizophrenia and there remains a wide 

range of methodological flaws that prevent results from appearing to be valid.  Future 

research should include robust measures of violence, report effect sizes, control for 

confounding variables and increased scope of diagnoses and examination of the impact of 

comorbid disorders in this population.   
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CHAPTER 4 

Additional Factors Impacting Neuropsychological Abilities  

The increased risk for cognitive impairment resulting from psychiatric diagnoses in 

mentally ill offenders is compounded by a high prevalence of head injury and comorbid 

substance misuse.  Psychiatric patients that are violent have significant higher rates of 

substance abuse and four times more likely to have had a head injury (Dinn et al., 2009), 

highlighting the prevalence and apparent health care problem within this population. 

Furthermore, it is also speculated that consistent, high dosage use of psychotropic 

medication may also have impact on cognitive functioning.  For the purpose of this chapter, 

head injury, substance misuse and psychotropic medication will all be discussed in 

reference to the impacts on neuropsychological and risk-related outcomes separately.  

4.1 Head injury 

The National Institute for Heath and Care Excellence defines head injury as any trauma 

(external force) to the head out with superficial injuries to the face (NICE, 2014). 

Prevalence within the United Kingdom is remarkably high, with 1.4 million individuals 

per year across England and Whales reporting to accident & emergency services with a 

recent head injury.  The high rates of head injury are also evidence on an international 

level, whereby hospitalization as a result of head injury combined with fatal TBI incidence 

rates throughout Europe average at 235 per 100,000 individuals (Tagliaferri et al., 2006).   

The most common type of head injury reported is traumatic brain injury (TBI).  TBI is 

broadly defined as a functional and/or functional disruption to brain function from an 

exterior physical force resulting in direct disturbances of cognitive or neurologic 

functioning, and can be categorized as mild, moderate or severe (Wortzel, Brenner & 

Arciniegas, 2013).  Head injury can further be defined as “any trauma to the head other 

than superficial injuries to the face,” (p.5, NICE, 2014).  Typically, the Glasgow Coma 

Scale is used to classify severity of TBI on a 15-point scale with higher scores depicting 

less severe injury.  TBI incidence is particularly high within Scotland and it is estimated 

that approximately one half of patients with reported head injury still have some disability 

one year after injury (Thornhill et al., 2000).   

Head injury is also known to have high rates of co-existence with psychiatric disorders 

(Rogers & Read, 2007), with rates of comorbid psychiatric diagnosis in TBI as high as 
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five-fold as those without TBI (Taylor et al., 2012). Furthermore, within forensic 

populations prevalence of head injury is high, with approximately one quarter of patients 

in American low and medium security wards have a documented history of loss of 

consciousness (LOC), and in maximum-security wards up to 64% were documented as 

possessing multiple indicators of brain dysfunction (Colantonio et al, 2007; Martell, 1992). 

The debate as to if head injury influences or triggers the onset of mental health symptoms 

versus if individuals with mental health issues are more susceptible to head injury remains 

current (Harrison et al., 2006; David & Prince, 2005).  However, in psychiatric inpatient 

populations, there is a high reporting of head injury, and the majority of these patients 

report their head injury as predating onset of psychiatric symptoms (Burg et al., 1996).    

Neuropsychological & functional burdens  

The negative impact head injury has on an individual’s social, psychological, and 

behavioural well-being and accompanying outcomes, namely functional burden and 

mortality, are well documented.  Long-term psychological and functional outcomes in 

populations with diagnosed TBIs are evident.  Specifically, individuals with TBI are at a 

substantial increased risk of dementia, parkinson’s disease, bipolar disorder as well as 

have increased rates of psychomotor slowness, psychiatric distress, and depression at 

follow-up (Himanen et al., 2006; Hoofien et al., 2001; Wang et al., 2012; Perry et al., 

2016).  Further compounding these negative outcomes is an increased risk of mortality, 

whereby those with a TBI have a three-fold increased mortality rate compared to controls 

and a mortality rate 2.6 times that of unaffected siblings (Fazel et al., 2014).  Increased 

rates of mortality as well as disability can be seen up to 14 years subsequent to head injury 

(McMillan, Teasdale & Stewart, 2012; Whitnall et al., 2006), emphasizing the severity 

and longitudinal nature of impacts resulting from injury.  

Decline in cognitive functioning following head injury is evident across multiple cognitive 

domains, including visuospatial ability and visual memory, both important cognitive 

domains contributing to successful treatment and rehabilitation (Himanen et al., 2006).  

Cognitive deficits are also seen across measures of processing speed and attention in 

severe TBI, regardless of age, education or time since injury (Mathias et al., 2007).  

Alongside deficits seen in more severe head injuries, even individuals diagnosed with mild 

TBI report post-concussional syndrome years after injury and may be at increased risk of 

neurocognitive inefficiency (Williams, Potter & Ryland, 2010), implying that impacts of 

head injury are pervasive across all levels of severity.   
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When examining TBI from a forensic neuropsychological perspective, authors have 

revealed associations between TBI and performance on measures of cognitive components 

such as delayed memory, verbal fluency and executive functioning (Wortzel, Benner & 

Arciniegas, 2013; Slaughter, Fann & Ehde, 2003). Executive dysfunction results from 

damage to the dorsolateral prefrontal subcortical circuit (DLPFC) of the frontal lobe of the 

brain, a common area of injury in TBI. Dysfunction to this part of the brain can increase 

risk behaviours that are highly associated with criminal activity, namely aggressive and 

antisocial behaviour and impulsivity. Further, poorer frontal and parietal functioning have 

been found to be foretelling of inferior functional outcome (Galderisi et al., 2002). 

Although Slaughter and colleagues (2003) found certain abilities to be compromised in 

prisoners with TBI, scores on measures of verbal learning, processing speed and logical 

memory were found to be similar to prisoners without TBI.  Similarly, Millis et al. (2001) 

found that there is a large variability of neuropsychological recovery post-TBI in the 

general population, whereby some persons may progressively recover years subsequent to 

injury whereas others may still evidence impairment 5 years after injury.  Improvements 

were most apparent on measures of processing speed, verbal memory and 

visuoconstruction. These findings suggest that the changes are likely domain specific in 

that some abilities may decline following head injury but this decline is not evident across 

all areas of cognition.   

Another argument is that the declines seen may be also attributable to mental illnesses.  

TBI and major mental illness’, such as schizophrenia, are similarly associated with 

compromised abilities across a wide range of cognitive domains.   Furthermore, those with 

comorbid psychosis and TBI have evidenced significantly greater deficits on measures of 

memory, attention and global cognition as compared to individuals diagnosed with 

schizophrenia and TBI groups alone (Batty et al., 2016).  Comparing this with findings on 

depression, Jorge et al. (2004) did not find global cognitive differences between depressed 

and non-depressed groups of TBI patients, but rather only for neuropsychological 

measures examining the frontal lobes, namely executive functioning.  It is possible that 

comorbid head injury and mental illness results in an exasperated deficit that is more 

severe than that seen in either group alone, however it is likely that the exasperated deficits 

are illness and domain specific.  
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Neurocognitive deficiencies often precede more evident changes, such as alteration of 

ones’ personality or behaviour patterns.  Changes across personality, such as displaying 

lack of foresight, tact and concern, inability to plan ahead and perceive consequences of 

actions and increased disinhibition, are prevalent outcomes experienced subsequent to 

head injury (McMillian, 2010).  These changes are often accompanied by changes in 

behaviour patterns, including increased aggression and irritability.  Combining personality 

changes such as lack of inhibition with set behavioural changes can lead to an increased 

likelihood of violence and crime, which causes disruption and harm on both an individual- 

and societal-level.   

Head injury and violence  

Perhaps one of the most worrisome outcomes of head injury is the negative impact on 

social development resulting in elevated risk of violent behaviour.  The association 

between brain injury and increased aggression and antisocial behaviour is known (Brower 

& Price, 2001), and the link between TBI and a significantly increased risk of violent 

crime has been seen longitudinally (Fazel et al., 2011).  For decades’ studies have been 

providing evidence that violent offenders are more likely than non-violent offenders to 

have a history of TBI or head injury with LOC for a prolonged period (Glicksohn, 2002; 

Bach-y-Rita & Veno, 1974 as reported in Schofield et al., 2006).  Furthermore, in a 2010 

meta-analysis of prevalence of brain injury in adult offender populations, an overall 

estimate of 60.25% prevalence (range 10-100%) was found across 20 studies that fit 

inclusion criteria (Shiroma, Ferguson & Pickelsimer, 2010).  However, authors 

highlighted the wide range of definitions of TBI employed throughout these studies, likely 

resulting in the wide range of prevalence rates seen, and did not include any studies not 

printed in English.  Nonetheless, the study was comprehensive in nature and therefore 

these results place emphasis on the scope and thus importance of this diagnosis in offender 

populations.  

TBI is often associated with abnormalities to the frontal and temporal lobes of the brain, 

which are consistently associated with aggression and violence in patients with 

schizophrenia, one of the most common diagnoses seen in psychiatric inpatient settings 

(Soyka, 2011).  The combination of head injury and mental illness further increases the 

risk of violence, which is seen throughout literature.  When examining mentally ill 

offenders (MIO), patients with head injury are more likely than patients without to have 

had a violent index offence and are at significantly more risk of self-harm and harm to 
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others (Martell, 1992; Hawley & Madden, 2003).  Hawley & Madden’s (2003) study 

concluded that MIO’s with head injury are significantly more difficult to discharge as 

compared to those without a head injury, highlighting the impact on prolonged 

rehabilitation in this group.  Indeed, brain injury patients in a mental health care setting 

need special care which is not available in other health care settings (van Heugten et al., 

2013).   

The financial burden of dual diagnosis   

In addition to the wide-range of negative outcomes on an individual, societal- and service-

level, neurological injury also accounts for a large portion of health-care expenditures.  

The National Institute for Clinical Excellence estimated the costs of acute hospital care of 

TBI to be £1 billion in 2007, which does not account for all types of ABI (NICE, 2007; as 

cited in UKABIF Manifesto, 2012). The approximate cost of TBI in the UK has 

dramatically risen to £4.1 billion as of 2010, which is likely to be an underestimate 

(Gustavsson et al., 2011; as cited in UKABIF Manifesto, 2012).  This effect is also seen 

on an international level whereby the estimated direct and indirect costs of brain disorders 

amounted to 798 billion euro’s annually across 30 European countries in 2010 

(Gustavsson et al., 2011), in which TBI alone accounted for approximately 33 billion euros 

annually.   

In addition to the wide-range of negative outcomes on an individual, societal- and service-

level associated with head injury, re-hospitalization rates are extremely high in TBI 

populations across all levels of severity (Marwitz et al., 2001; Hammond et al., 2015), 

such that approximately 28% of patients are re-hospitalized within 9 months of being 

discharged (Hammond et al., 2015). This not only has implications for forensic treatment 

and rehabilitation services, but also substantially increases expenditures associated with 

head injury. When examining longer-term outcomes and the financial burdens, average 

health care costs are 76% higher three years following discharge from rehabilitation for 

mild TBI injury, and almost six-fold greater for moderate-to-severe TBI, as compared to 

controls (Rockhill et al., 2012).  In terms of dual diagnoses, psychiatric comorbidity in 

TBI increases the overall expenditures in this population (Wei et al., 2005). Individuals 

with psychiatric illness and moderate-to-severe TBI indicated 3.39 x greater cost as 

compared to those with moderate-to-severe TBI without psychiatric illness.  Furthermore, 

those with the combination of moderate-to-severe TBI and psychiatric illness had much 

higher costs than any other group (Rockhill et al., 2012).   These results further emphasize 
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the impact head injury has on a national level, thus increasing rationale as to why the 

examination of head injury in psychiatric populations is of great importance.     

4.2 Substance misuse  

Further increasing risk and cognitive decline, and therefore expenditures, is the presence 

of comorbid substance abuse within mentally ill offender populations.  Indeed, both 

psychiatric inpatients and those with a diagnosis of substance abuse have been observed 

to suffer a higher prevalence of traumatic brain injury (Landre, Poppe & Kiolbasea, 2001; 

Murrey, Starzinski & LeBlanc, 2004; Rogers & Read, 2007), evidencing the apparent 

association between these two diagnoses.   

The World Health organization classifies substance abuse across a variety of diagnostic 

manuals and terminology, and the discrepancies across terms lie mainly within the 

diagnostic manual used, namely DSM or ICD-10.  The Diagnostic and Statistical Manual 

of Mental Disorders (DSM) uses the terminology substance abuse/misuse disorder, which 

is no longer used by the ICD-10.  Substance abuse and substance dependence are defined 

separately, whereby substance abuse can only be diagnosed if symptoms have never met 

the criteria of dependence, and a diagnosis of substance dependence must be specified as 

with or without physiological dependence. Substance abuse is defined as ‘maladaptive 

pattern of continued use despite knowledge of having a persistent or recurrent social, 

occupational, psychological or physical problem that is caused or exacerbated by the use 

[or by] recurrent use in situations in which it is physically hazardous.' (American 

Psychiatric Association, 2013).  In contrast, the ICD-10 uses the term psychoactive 

substance use disorder, defined as mental and behavioural disorders due to psychoactive 

substance use that have clinical relevance, and further breaks down the definition to 

include intoxication, harmful use, dependence syndrome, withdrawal state, psychotic 

disorder and amnesic syndrome.  Although the definitions used slightly differ, both 

definitions are depicted as relevant and clinically relevant by the WHO and therefore, any 

reporting of either definition will be examined.  

The estimated prevalence of substance misuse within Scotland is remarkably high.  The 

estimated prevalence rate of problem drug use in Scotland is 1.74% of individuals aged 

15-64 (ISD Scotland, 2014), and the prevalence of alcohol dependence varies from 4.3-

6.1% (Drummond et al., 2009), costing Scotland over 2.25 billion annually (Scottish 

Government, 2008). Forensic psychiatric inpatients are also considerably more likely than 
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the general population to meet the criteria for substance abuse or dependence, with 

suggested prevalence rates of 46-55% (Lumsden et al, 2005; Phillips & Johnson, 2003; 

Chandler et al., 2009). The prevalence of a significant history of drug or alcohol abuse 

amongst patients at The State Hospital is considered to be significantly higher (Kelly, 2013, 

Personal Communication). 

Neuropsychological & functional burdens  

The potential neuropsychological damage resulting from such abuse has been well 

documented (e.g. van Holst & Schilt, 2011; Fernández-Serrano et al., 2010). Substance 

dependant individuals perform worse on a variety of tests of cognition including tests of 

executive functioning, STROOP and gambling tests (Dolan et al, 2008). Further, the 

severity of cognitive impairment in the cognitive domains of attention, verbal working 

memory, verbal learning and memory, visual memory, reasoning, and problem solving is 

evidence in patients with dual diagnosis of alcoholism and schizophrenia (Ralevski et al., 

2012).  However, mixed results in early psychosis populations have found that there may 

not always be a negative effect of substance use and cognition (Pencer & Addington., 2003; 

McCleery, Addington & Addington, 2006), suggesting perhaps there is a differential effect 

between first episode and continuing care patients.  

One of the major greatest concerns is the relationship between substance abuse and 

impulsivity, which in turn increases accidents, aggression, violence, self-harm, and 

victimisation (Kavanagh et al., 2002).  This relationship is suggested to be bi-causal, 

whereby impulsivity is both a predictor and consequence of substance abuse disorder 

(Moeller et al., 2002).   Specifically, impulsivity both contributes to the onset and 

continuation of substance related disorders as well as decreases substance-abuse treatment 

efficacy.   

In addition to the apparent impacts substance abuse has on cognition over the short term, 

evidence suggests that long-term abstinent alcoholics show impairments in certain 

cognitive domains (Fein et al., 2006) and that dual diagnosis of alcoholism and 

schizophrenia has additive effects on cognitive deficits in schizophrenia (Allen, Goldstein 

& Aldarondo, 1999).  Although these results suggesting that the negative impacts on 

cognition are seen stretch beyond immediate, short-term deficits and additive to deficits 

seen in major mental illness’, not all studies find cognition to be impaired longitudinally 
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(Rosenbloom, Pfefferbaum & Sullivan, 2004) and additive effects are sometimes only 

documented to be subtle.   

Compounding the additive effects comorbid substance misuse has on cognitive abilities is 

the negative relationship seen between substance misuse and various functional outcomes, 

which tends to be mediated by impaired cognition.  Substance abuse is associated with 

poorer employment outcomes (McGurk et al., 2009), decreased medication adherence 

(García et al., 2016), suicide (Ventriglio et al., 2016), hospitalization rates, life expectancy 

and long-term course of illness (Schmidt, Hesse & Lykke, 2011).  Furthermore, persistent 

substance use in individuals diagnosed with schizophrenia has been found to be associated 

with more sever positive and depressive symptoms and past substance use can prevent 

cognitive-related recovery (Harrison et al., 2008), again highlighting the importance of 

both current and past substance misuse.   

Substance misuse and violence  

Similar to literature examining head injury, studies examining those with a dual diagnosis 

of alcoholism and schizophrenia have found there to be additive effects of alcoholism for 

cognitive deficits in schizophrenia and an increased risk of violence within dual diagnoses 

populations (Allen, Goldstein & Aldarondo, 1999; Fazel et al., 2009; Lund et al., 2013). 

Presence of substance abuse co-morbidity also significantly increases number of violent 

reconvictions (Lund et al., 2013) and is linked to externalizing behaviours that 

significantly account for a range of social outcomes including violence (Freestone et al., 

2013).    

When examining MIO’s specifically, there are direct associations between substance use 

and/or intoxication and recidivism (Manguno-Mire et al., 2014; Golenkov, Large & 

Nielssen, 2013), and this relationship has been evidenced even after adjustment for 

diagnoses, age and history of violence (Tabita, de Santi & Kjellin, 2012).  Furthermore, 

patients who misuse drugs have been found to be six times more likely to be readmitted 

and four to six times more likely to be involved in a serious incidence if they misused 

alcohol or drugs, highlighting the increased risk associated with both alcohol and drug 

misuse (Riordan, Haque & Humphreys, 2006).   

In addition to the impact on recidivism and reconviction, substance misuse also is 

significantly and positively associated with risk of violence (Esbec & Echeburua, 2010), 

which has been seen over and above many other risk related variables including previous 
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violent behaviour, age, and delusions and hallucinations (Gillies & O’Brien, 2006).  A 

recent meta-analysis found that risk estimates of violence in individuals with comorbid 

substance abuse and psychosis have been found to be greater than psychosis alone, and 

the increased risk of violence associated with schizophrenia and psychoses appears to be 

mediated by substance abuse comorbidity (Fazel et al., 2009).  From these findings it is 

apparent risk management and therapies aimed at violence reduction should include 

management and treatment and examination of substance abuse comorbidity.    

4.3 Psychotropic Medication  

Use and clinical outcomes  

Pharmaceutical interventions are a crucial component of treatment within psychiatric 

inpatient settings that evidence a wide range of clinically relevant impacts, both negative 

and positive, beyond that of symptomatic reduction.  Whereas majority of systematic 

review findings have evidenced positive effects, namely reduction in violent and 

aggressive behaviours and decreased risk of relapse (Hockenhull et al., 2012; Essali, et al., 

2009; Leucht et al., 2003), others literature has found that collective dosage of 

antipsychotics yielded adverse outcomes on symptoms, psychosocial functioning and 

neurocognition (Aderhold et al., 2014).  However, none of these studies have examined 

solely mentally ill offender populations, but rather populations at risk for violence or 

psychiatric populations without offending histories.  Perhaps lending to the discrepancies 

in findings are a wide range in the types, dosage and duration of drug usage.  

Antipsychotics, antidepressants, mood stabilizers and anti-anxiety medications are 

amongst the most common, with differential effects emerging based on type of drug used 

(Leucht et al., 2003) and medication regime (i.e. mono versus polypharmacy) 

(Fleischhacker & Uchida, 2014).    

Antipsychotic monotherapy is recommended over and above polypharmacy across a wide 

range of guidelines used internationally (Canadian Psychiatric Association, 2005; 

Buchanan et al., 2009; Falkai et al., 2005).  However, despite recommendations to pursue 

monotherapy, in the UK prevalence rates of high-dose and polypharmacy, in which 

multiple antipsychotic treatments are prescribed to one patient, are remarkably high in 

inpatient settings (36% high dose; 43% combined antipsychotic prescribing) (Paton et al., 

2008).  Even after delivering change interventions to educate on prescribing practices, 

these rates did not significantly decline, emphasizing the reliance on antipsychotics and 
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routine practice of polypharmacy within acute inpatient settings.  Although polypharmacy 

is common, there is little evidence on the efficacy of such practices.  Evidence that does 

exist suggest that polypharmacy may be useful in clinically difficult situations 

(Fleischhacker & Uchida, 2014), which are often seen in secure hospital settings, however 

dual prescribing also results in increased side effects and treatment cost.  

The use of antipsychotics is often thought to have an effect the brain structure of its user, 

which can in turn affect cognitive mechanisms linked to the area affected. In a recent 

systematic literature review, results indicated that antipsychotic treatment dose and disease 

severity were associated with changes in brain volume, particularly in the frontal region. 

The frontal region is associated with both executive functioning and with violence and 

aggression in patients with schizophrenia (Soyka, 2011), suggesting that medication may 

have impacts on neuropsychological and, subsequently, violence related outcomes in 

mentally ill offenders. 

The impact on cognitive functioning  

Medications are known to have impact on cognitive functioning, however literature 

examining the nature of this relationship yields inconsistent results. Perhaps not 

surprisingly, type of drug (typical versus atypical antipsychotic) used is shown to have 

differential effects within psychiatric patients (Meltzer & McGurk, 1999).    

Specifically, neuroleptic drugs (often known interchangeably as typical antipsychotics or 

first generation antipsychotics), which predominantly are used to block dopamine 

receptors, do not show improvement on cognitive abilities as seen with atypical 

antipsychotic drugs (also known as second generation antipsychotics), which have 

substantially less side effects and are currently first-line treatment in schizophrenia 

(Meltzer, 2013). Conversely and contrary to popular belief, other studies have found that 

impacts on treatment responsivity do not differ between typical and atypical antipsychotics 

and atypical antipsychotics actually produce more adverse metabolic effects, such as 

weight gain (Sikich et al., 2008).  However, in contrast Keefe and colleagues (2007) found 

that after 2 months of treatment there were no significant differences between groups of 

atypical and typical antipsychotic users on neurocognitive outcomes. 

Clozapine is the most prototypical atypical antipsychotic drug (Meltzer, 1997) although 

only recommended after failure to respond to two other antipsychotic treatments (NICE, 

2014), is still commonly used within psychiatric inpatient facilities.  Atypical 
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antipsychotics, including clozapine, risperidone and olanzapine, have been found to 

improve areas of learning, memory, executive functioning and attention (Meltzer & 

McGurk, 1999; Meltzer, 2013).  However, results were drug specific such that clozapine 

resulted in improvements across attention, verbal fluency and executive functioning, 

risperidone improves working memory, executive functioning and attention and 

olanzapine improved verbal learning, memory and fluency.  Conversely, inconsistent 

effects of clozapine on working memory, verbal and spatial memory, risperidone on verbal 

learning and memory, and olanzapine on attention, working memory and visual learning 

and memory suggested that the impacts on cognition are wide spread and domain specific 

(Meltzer & McGurk, 1999).   In contrast, Keefe and colleagues (2007) report that the most 

commonly used atypical antipsychotics, and even some typical antipsychotics 

(perphenazine) appear to produce similar outcomes on neuropsychological and functional 

outcomes over a short term period.   

Sweeney and colleagues (1991) examined the link between neuropsychological test 

performance and dosage of neuroleptic medication and benztropine in 42 individuals 

diagnosed with schizophrenia. They concluded that a higher dose of medication was 

associated with poorer performance on measures of verbal fluency/memory, and motor 

and psychomotor speed/learning. Despite these findings, they were not able to attribute 

cause of cognitive impairment to dose of medication due to lack of experimental control 

of medication dosage across participants. Although at hospital admission and discharge 

symptom severity was not directly related to performance, it is important to note that often 

those requiring higher doses of medication are individuals who are more severely 

disturbed which could be a true or confounding cause of poorer performance (Sweeney et 

al., 1991).  

Despite recommendations to apply antipsychotic monotherapy, often the use of two or 

more antipsychotic medications (antipsychotic polypharmacy) or excessive doses are 

utilised in the treatment of patients diagnosed with schizophrenia. The prevalence rate of 

antipsychotic polypharmacy at TSH is expected to be relatively high due to the severity 

and enduring nature of mental illnesses of the patients housed within.  Although some 

studies report positive effects on cognition with antipsychotic monotherapy, it is suspected 

that excessive doses and/or polypharmacy result in poorer cognitive outcomes (Davidson 

et al., 2009; Davis and Chen, 2004). In contrast, there have also been studies that have 

failed to find any time of effect or significant differences in higher-level cognitive 
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functioning between patients undergoing antipsychotic polypharmacy as compared to 

monotherapy (Kontis et al., 2010; Mortimer, 1997).  

Another proposed rational explaining the link between medication and cognition suggests 

that medication directly influences symptomology, subsequently resulting in an indirect 

impact on cognition. This is particularly relevant in conditions with high rates of remission 

and relapse, such as a diagnosis of schizophrenia or first episode psychosis.  Although 

many theories parcel positive symptoms, negative symptoms and cognitive deficits as 

three separate features of schizophrenia, it is been well documented that symptom severity 

affects a range of different cognitive abilities (Forbes et al., 2009; Bora & Murray, 2014) 

and inversely, cognitive abilities can predict symptomology (Cernis et al., 2015). Despite 

evidence suggesting an association between both positive and negative symptoms and 

cognitive impairment in schizophrenia, the majority of studies propose the association is 

more prevalent for negative symptoms (Rund, 1998; Sanchez, 2014; Cella, Reeder & 

Wykes, 2014).  

A meta-analysis examining ultra-high risk and first episode psychosis populations by Bora 

& Murray (2014) concluded that reductions in negative symptoms and improvement in 

positive symptoms are both related to improvement in cognitive abilities.  However, these 

results were specific to certain abilities, namely working memory, executive functioning 

and visual memory, suggesting that alteration in symptoms may only affect specific 

cognitive domains.  

Furthermore, interventions aimed at targeting cognitive abilities, such as cognitive 

remediation, have been shown to have small to moderate positive effects on symptoms in 

schizophrenia (Cella et al., 2017; Wykes et al., 2011).  The mechanisms by which 

cognitive remediation impacts symptomology are inconclusive, however it has been 

proposed that the direct effects on executive functioning might explain the indirect effects 

of cognitive remediation on symptoms (Farrney et al., 2013).  These results further suggest 

that the association between cognition and symptomology may be domain specific.  

However, there remains conceptual issue of examining symptomology, such that measures 

of symptomology are subjective in nature and, therefore, are often not reported throughout 

literature.  Additionally, when examining long-term psychiatric inpatients as opposed to 

solely a diagnosis of schizophrenia, risk of violence has been found to be associated with 

cognitive abilities over and above symptomology (Kruger & Rosema, 2010), suggesting 
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that symptomology and cognition may not be inherently congruent in this specific 

population.  

Impact on violence   

In addition to treatment of psychiatric symptoms, evidence suggests that psychotropic 

drugs may reduce rates of violent crime (Fazel et al., 2014).  In a review examining 

prevention and intervention strategies in those at high risk for engaging in violent behavior, 

antipsychotic drugs emerged as treatment with the largest effect over 10 studies 

(Hockenhull et al., 2012).  However, in order for psychotropic medications to have 

positive impacts treatment adherence must be met.  Non-adherence is common among 

individuals with schizophrenia that are involved in the criminal justice system (Ascher-

Svanum et al., 2010) and results in an increase in violent behaviours and crime (Swanson 

et al., 2006; Smith, 1989; Alia-Klein et al., 2007).  A review of medication compliance in 

mental and physical disorders found that an average of 58% of patients prescribed 

antipsychotics and 65% prescribed anti-depressants took the recommended amount, 

whereas those taking medication for physical disorders had a compliance rate of 76% 

(Cramer & Rosenheck, 2006).  Further, non-adherence rates in patients diagnosed with 

schizophrenia range from 36 – 61 % (Lacro et al., 2002; Valenstein et al., 2006), and 

discontinuation of atypical antipsychotic drugs are common and often attributable to 

inefficacy or side effects (Lieberman et al., 2005), despite SGAs having decreased side 

effects compared to FGAs. Compounding these worrisome statistics is the fact that within 

prison settings, which is where a large portion of mentally ill offenders reside, the primary 

treatment for mental illness is pharmacotherapy (Thorburn et al., 1995) and therefore 

adherence is essential in order to have any impacts on rates of violence.  

Furthermore, clozapine has been found to reduce violence and aggression in patients with 

psychiatric disorders (Victoroff et al., 2014; Ripoll, Triebwasser & Siever, 2011), however 

this trend tends to be seen more in ‘treatment resistant’ patients and may not be 

generalizable to all populations (Frogley et al., 2012).  The effects of medication on 

violence outcomes are typically based on short-term follow-up studies with a wide range 

of non-validated outcomes, and it has been suggested that more examination of the long 

term impacts and effects of comorbid substance abuse are needed (Topiwala & Fazel, 

2014).  Furthermore, despite the lack of longitudinal findings, level of aggression has 

impact on choice and dosage of antipsychotic in clinical practice (Knezevic et al., 2015), 

highlighting the importance of examining longer term outcomes to more accurately inform 
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practice and effective allocation of pharmaceutical resources.   Due to the extensive use 

of psychotropic medications in high secure settings, alongside the possible impacts on 

cognition and violence, it is important to understand how medication may influence results.  

However, little research has examined the long term impacts on cognition, and how 

medication may mediate the relationship between cognition and violence.   

4.5 Summary & conclusion  

Cognitive impairments in mentally ill offenders are further impacted by a high prevalence 

of head injury and comorbid substance misuse, and longitudinal psychotropic medication 

use.  The relationship between substance abuse and head injury in psychiatric populations 

appears to be circular in that there is no definite answer as to which factor consistently 

precedes or causes the other.  Evidence suggests that the use of alcohol and drugs in TBI 

populations is common predating injury, however TBI also acts as a risk factor for 

development of behavioural disorders and relapse into substance misuse post TBI 

(Castano-Monsalve et al., 2013).  Furthermore, approximately 37-51% of individuals with 

a diagnosed TBI reported being intoxicated at time of injury across two different 

systematic reviews (Parry-Jones, Vaughan & Cox, 2006; Corrigan et al., 1995), 

highlighting the overlap between these two risk factors for cognitive deterioration and 

violence related outcomes.  Co-morbidities have essential patient-related impacts as 

exemplified by Fazel et al.’s (2014) findings suggesting that individuals with TBI and a 

psychiatric or substance abuse comorbidity had both an increased risk of suicide and death 

rate as compared to those who only had TBI.    

Traumatic brain injury (TBI) in isolation is associated with an increased rate of cognitive 

decline with aging and an increased prevalence of dementia.  There is currently no 

literature on the long-term outcome of either those with a dual diagnosis of schizophrenia 

and substance abuse or of those with TBI and either, or both, of these conditions.  If some 

cognitive impairments are associated with greater risk of violence it will be important to 

know whether the level of impairment, and perhaps therefore risk, also increases over time. 

Augmenting the impacts on cognition and violence is a high prevalence of mono or 

polypharmacy regimes used within psychiatric inpatient units.  Although the findings are 

mixed as to if they improve cognition or have impacts on violence, it is nonetheless 

essential to examine medication use as a possible mediator.  Current literature does not 

provide an adequate explanation for the differential rates of cognitive deterioration seen 
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in certain domains and psychiatric inpatient populations yet not others.  As such, it is 

possible that this variability in findings is a result of comorbid conditions often prevalent 

within MIO populations, namely TBI or substance misuse, or the medication regimes 

being widely used.  Therefore, the examination of these three risk factors in relation to 

cognitive impairment and violence may help to inform more efficient risk management, 

risk assessment and treatment planning in mentally ill offender populations.  
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CHAPTER 5   

Literature Review Conclusion 

5.1 Summary of the literature  

Our findings suggest that, in general, cognitive abilities in schizophrenia spectrum 

disorders appear to vary over time, with little evidence suggesting stability across abilities.  

Type of illness (FE vs SZ) and duration of follow-up (<=5 years’ vs >5 years) were found 

to mediate cognitive change, suggesting that cognitive trajectories may differ based upon 

these factors.  These results are similar to previous meta-analytic findings that suggest 

increase in abilities over time (Bora & Murray, 2014) in first-episode and ultra-high risk 

to psychosis populations but contrast finding suggesting stability in older patients with 

schizophrenia (Irani et al., 2011).  However, both of these studies had follow-up periods 

between 1-6 years, and Irani et al. (2011) included both cross-sectional and longitudinal 

studies as opposed to exclusively longitudinal. 

We also found that cognitive abilities tend to predict and be associated with violence risk-

related outcomes in mentally ill offenders, and differentiate between violent and 

nonviolent individuals. Of particular interest was that these findings were found to be 

specific to certain cognitive deficits, namely social cognition, intelligence, global 

cognition, and executive functioning.  Despite findings speculating a possible link between 

cognition and violence risk, our results were based upon a small sample of 17 studies, 

highlighting the lack of literature in this area for which data is reported. Furthermore, there 

was a wide range of methodological caveats within this literature that made it hard to 

interpret overall findings, highlighting the need for more robust methodologies. It may be 

that, with increased examination, certain cognitive domains will emerge as more important 

in the prediction and management of risk than others will.  However, it is apparent that 

more rigorous, robust follow-up studies are needed in order to draw accurate and 

generalizable conclusions.  

Our final review pinpointed different factors that are likely to have an impact on the course 

of cognition that are already known to have impact on violence risk: head injury, alcohol 

misuse and substance misuse.  Our review found that the impacts of substance misuse, 

alcohol misuse and head injury are overlapping and that the effects are likely attributable 

to certain cognitive abilities rather than global cognition.  Additionally, it appears that 

psychotropic medication may have an impact on cognition and risk related outcomes, but 
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the direction of this relationship is unknown.  As the majority of studies examining the 

impact of psychotropic medications do so over very short periods of follow-up (< 1 year), 

the longitudinal effects remain relatively unidentified.  

5.2 Relevance for this thesis 

The literature reviewed suggests that it is likely that the course of cognition within forensic 

psychiatric populations is unstable, and highlights the accompanying negative impacts of 

specific cognitive deficits. The specific cognitive impairments that change over time, 

factors that mediate this change, and how these factors and the course of cognition may 

aid in the prediction and management of risk are of particular interest for the purpose of 

this project.   

There were a number of specific cognitive abilities that emerged as relevant for the 

purpose of this thesis across multiple, or all three, reviews.  Processing speed, non-verbal 

learning and memory, working memory, general intellect, verbal intellect and social 

cognition were all found to significantly change over time in schizophrenia spectrum 

disorder populations. Of these abilities, social cognition, executive functioning, 

intelligence, and working memory all were predictive or associated with violence risk 

across multiple studies apart from working memory, whereby only one study found an 

association.  Despite the lack of evidence linking working memory to risk, substance abuse 

is found to have a negative impact on working memory ability.  

Furthermore, the impact of head injury on measures of memory are well documented, 

whereas results regarding the impact on processing speed are mixed.   Although attention 

and problem solving were only found to significantly decline in FE and across short-term 

follow-ups, both abilities were found to be impacted by presence of comorbidities, namely 

substance abuse and head injury. 

Data from the high secure hospital in Scotland, The State Hospital, suggests 29% having 

a documented traumatic brain injury (TBI; defined as LOC) and 65% having a documented 

condition that may affect neurological functioning (O’Rourke, 2013, NPSS Audit for 

MHPSG). Forensic psychiatric inpatients are also considerably more likely than the 

general population to meet the criteria for substance abuse or dependence, with suggested 

prevalence rates of 46-55% (Lumsden et al, 2005; Phillips & Johnson, 2003; Chandler et 

al., 2009). The prevalence of a significant history of drug or alcohol abuse amongst 
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patients who participated in the original NPSS cohort was slightly higher, at approximately 

60% and 55% respectively.  

As such, our results may differ from results found in the meta-analysis and previous 

literature due to the additive impacts of head injury or substance misuse on risk and 

cognitive trajectory.  Indeed, average scores on intelligence, memory, attention, emotion 

recognition and executive functioning of patients who participated in the baseline NPSS 

study at the state hospital were found to be 1-2 standard deviations below the normative 

mean. These results suggest a greater severity of deficits than those normally associated 

with schizophrenia (e.g. Keefe, 2008).  Therefore, certain cognitive abilities that are 

believed to be heavily impacted by these comorbidities, despite inconclusive or 

heterogeneous meta-analytic findings, will still be examined in this thesis.  

5.3 Limitations of the literature 

The methodological limitations of research in mentally ill offenders are widespread, in 

part due to multi-facet diagnoses, intensive treatment plans, and unpredictable mental 

states that make it difficult for MIOs to partake in research.  Although cognition is known 

to be compromised in mentally ill offender populations, there is a surprising dearth of 

literature examining the longitudinal course of cognition.  We were able to find an 

adequate amount of literature (n=37 studies) examining the course of cognition in 

schizophrenia spectrum disorders, however we did not find any studies that examined the 

course of cognition in mentally ill offenders and results on chronic diagnoses populations 

were extremely inconsistent.  Longitudinal research is also more time consuming, 

expensive and susceptible to loss of participants due to high rates of mortality and drop-

out, which are particularly high in mentally ill offenders.  Nonetheless, the need for 

longitudinal research is apparent.  

Furthermore, there also exists a lack of examination of specific cognitive deficits in 

relation to risk, and even less examining if the course of cognition has impact on violence 

risk.  Of the studies that we did manage to find, very few examined multiple facets of 

cognition or robust, longitudinal impacts on violence risk.  As assessment and prediction 

of risk are both essential across forensic psychiatric services, being able to depict factors 

that precede or may impact violence risk outcomes is pivotal.  

There is also a large gap in the literature examining the impact of co-morbidities in 

mentally ill offenders in relation to cognition and risk.  Of particular interest are the 
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impacts of head injury and substance misuse, where very few studies have been published 

looking at outcomes on violence risk in forensic psychiatric inpatient settings.  For the 

purpose of this study, head injury and substance misuse will be examined as outcomes in 

the long-term follow-up study as well as through a wider-scale examination of forensic 

network data, enabling examination throughout a larger population.  

5.4 Clinical relevance 

The State Hospital (TSH) is in possession of a large quantity of data that can cast light on 

these issues. The population of mentally ill offenders at TSH is unique in that there are 

remarkably high prevalence rates of both traumatic brain injury and co-morbid alcohol or 

drug abuse, both of which are known to negatively affect neurocognitive ability. Through 

this sample we are also able to examine current and prior medical treatments over the past 

10 years. Accordingly, studying this population sample provides the opportunity to 

examine the longevity and impact of neuropsychological deficits in order to determine 

prevalence and potential causes of neuropsychological decline. Further, this sample 

enables us to examine factors or co-morbidities, namely history of substance misuse, head 

injury, and medication, which may also precede re-offending within MIOs. 

Knowledge of the likely trajectory of individuals’ cognitive impairments will allow for 

more accurate planning of care pathways and ensure that individual abilities can be taken 

as a starting point for treatment. Results will also highlight if neuropsychological 

functioning requires monitoring for deterioration thus enhancing clinical effectiveness by 

ensuring long-term cognitive functioning is accurately matched to service and treatment 

provision. 

An increased understanding of the association between cognitive impairment and violence 

risk will aid in the prediction of future risk and contingency planning. Subsequently, this 

will result in enhanced risk management and allow for cognitive impairments to be 

targeted for rehabilitation in affected individuals, reducing the level of security required 

and increasing health worker safety. We have extensive data on one hundred and twenty-

two inpatients that were housed at TSH in 2004-5 that underwent comprehensive 

neuropsychological assessment. This data comprises assessments including the following 

areas of cognitive functioning: intellect, processing speed, memory, attention, executive 

functioning, and social cognition (ability to recognise facial affect).  
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5.5 Thesis Aims 

The primary aims of this thesis is divided into two parts reflecting the two separate studies 

that have been conducted for the purpose of this thesis. 

The long-term follow-up of Mentally Ill Offenders – Study aims  

To determine if baseline cognitive deficits are related to participant risk at ten-year 

follow-up facilitating:  

 The identification of which cognitive deficits may influence patient reoffending 

and inpatient aggression  

 To therefore enable better prediction of those patients that present the most risk 

to healthcare providers, their peers and members of the public.  

 Increased knowledge of which cognitive factors to target and include in the 

formulation of risk in order to reduce risk  

 

To assess memory, intellect, attention, executive functioning and social cognition over a 

ten-year period and increase the understanding of neuropsychological deficits within 

mentally ill offenders by: 

 Re-assessing all consenting patients who were originally assessed in the State 

Hospital during 2004-5  

 Comparing the results of their original assessment with their re-assessments to 

determine the stability of cognitive deficits.  

 

To determine if the MIO population or a subset of the population at TSH shows 

progressive cognitive decline facilitating:  

 Optimal choice of intervention or treatment regime  

 Adaptation of therapeutic interventions and treatments when necessary  

 The specification of a sub-population of MIOs that are at a higher risk of 

progressive intellectual decline and at risk of dementia  

 Service planning  

 

To further increase the understanding of memory, intellect, attention, executive 

functioning and social cognition related deficits in MIO populations by:  
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 Facilitating the understanding of long-term outcomes of cognition in 

schizophrenia, substance abuse, traumatic brain injuries, psychotropic 

medication and combinations of these.  

 

Neurological injury in relation to risk-related outcomes – Study aims  

 

To determine which risk-related factors may be impacted by a presence of neurological 

injury and substance abuse within this population increasing:  

 The specification of a sub-population of MIOs that are at a higher risk to self and 

others   

 Knowledge regarding the influence neurological injury and substance abuse may 

have on MIOs. 

 Understanding of if neurological injury and substance abuse have mirrored or 

differential impact on risk-related outcomes within MIOs.  

 

To determine if the presence of neurological injury within this population influences 

quantity and severity of violent offences facilitating:  

 Increased understanding of how neurological injury influences violent offending 

within and MIO population. 

 Understanding of if neurological injury and substance abuse have mirrored or 

differential impact on quantity and severity of violent offending within MIOs.  

 

To examine the extent of data provided in the FNC regarding neurological injury and the 

prevalence of neurological injury and substance abuse within forensic psychiatric 

settings in Scotland facilitating: 

 The identification of the scope of the neurological injury problem within secure 

settings in Scotland 

 Increased understanding of the link between violent offences, neurological injury 

and substance abuse throughout forensic psychiatric populations. 

 Increased knowledge as to the information available in standardized reports 

regarding neurological injury and substance abuse within this population  
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5.6 Research Questions  

The long-term follow-up of Mentally Ill Offenders – Hypotheses  

 

1. It is hypothesized that cognitive abilities, depicted as relevant from literature and 

meta-analytic findings, will change over a 10-year period.  The variables 

hypothesized to decline over time are processing speed, verbal comprehension, 

working memory, delayed verbal memory, delayed non-verbal memory, 

impulsivity, inattention and problem solving.    

 

2. It is hypothesized that individuals with presence of neurological injury, history of 

alcohol and/or substance misuse will be at a greater risk of cognitive decline. 

3. It is hypothesized that specific cognitive deficits or severity of deficits at baseline, 

as depicted as relevant from the literature and meta-analytic findings, will predict 

patients’ risk- related outcomes.  The cognitive variables hypothesized to predict 

risk-related outcomes are impulsivity, working memory, social cognition and 

delayed memory.  

 

Neurological injury in relation to risk-related outcomes – Research questions 

  

1. What is the estimated prevalence of neurological injury and substance abuse 

within forensic psychiatric inpatients in Scotland as determined by data held 

within the Forensic Network Census (FNC)? 

2. Does the presence of neurological injury and/or substance abuse within patients 

will predict worse risk-related outcomes, namely; Quantity of violent offences, 

risk of harm to self, risk of harm to others and severity of violent offences.  
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CHAPTER 6 

Methodology 

This chapter will provide an overview of the methodology and measures employed for the 

purpose of this thesis.  This chapter will be divided into two parts, namely 1) the 

methodology of the primary study examining longitudinal changes in cognition and impact 

on risk and 2) the methodology of the secondary study examining the prevalence of head 

injury (HI) and the association with violence throughout the forensic network in Scotland.    

6.1: The course of neuropsychological deficits in mentally ill 

offenders and the relationship with violence: A 10-12 year follow-up 

study 

Methodological considerations 

There are two main methodological techniques used for examining the trajectories of 

cognitive deficits and decline, namely cross-sectional and longitudinal. Cross-sectional 

studies examine change over time by comparing multiple groups of individuals that differ 

on the variables of interest.  Cross-sectional designs require substantially less time, and 

often less funding, which can be advantageous in a population that frequently exhibits high 

rates of mortality and dropout. However, a cross sectional design confines the time period 

in which data is collected and does not fully take into consideration events that occur prior 

to or following data collection, thus sacrificing the accuracy of tracking individual 

differences.  

Alternatively, examination of cognitive change can be studied by employing a longitudinal 

design, under which the same individuals are measured using same variables at two 

different time points in order to assess change.  Longitudinal designs are beneficial at 

measuring change over time due to the consistency of prevalent external variables, such 

as familial history or co-morbid disorders, that are difficult to control for or match in cross-

sectional designs.  Despite these positives, longitudinal studies are scarce due to the time 

investment and funding requirements, and have an increased risk of loss to follow-up due 

to high probability of discharge and mortality in MIOs.   

There is a scarcity of data examining longitudinal outcomes of neuropsychological deficits 

in schizophrenia with co-morbid disorders, which are believed to play a role in the 

prevalence of cognitive deterioration in this population.  Furthermore, there is an even 



122 
 

greater paucity of research examining the course of cognition longitudinally in mentally 

ill offenders. Research is needed in this area to effectively fill the gap in knowledge that 

currently exists.  

We possessed a large amount of neuropsychological and historical data from 2004-5 on 

104 patients whom previously resided at the State Hospital that may help to provide insight 

into this knowledge gap. For the purpose of this study a longitudinal design was employed 

for multiple reasons: (i) there is a lack of literature employing this methodology in the area 

of interest (ii) it enables the analysis of co-morbid disorders to determine how they might 

play a role in cognitive decline (iii) it allows us to examine if cognitive decline plays a 

direct role in patient risk (iv) cross-sectional data does not measure change over time but 

rather a snapshot of characteristics of a population at a given time point, and we are 

interested in looking at change over time. Additionally, it can be speculated that employing 

a longitudinal design will decrease the chances of finding cognitive decline at random or 

by error, therefore strengthening the robustness of our study findings.   

Plan of investigation  

The present study was divided into two phases, namely the pilot study, which included 

participants that were currently housed at TSH (n=18), and subsequently follow-up of 

individuals outwit TSH (n=86).  The same procedures were utilised regardless of the sub-

population and both groups were asked to partake in both phases of data collection.  Phase 

1 consisted of neuropsychological re-assessment to examine the course of cognition 

whereas phase 2 consisted of case-note review to examine risk- and violence-related 

outcomes that related to baseline cognitive abilities and the change in cognitive abilities 

over time.  

Pre data-collection approval requirements:        

An application was submitted to the State Hospital Research and Design (R&D) 

committee and the State Hospital Funding committee in January 2014.  The research 

application was approved and funding was granted on the 13th of March, 2014, with the 

condition that pilot study funding was provided initially and full funding would be 

provided subsequently granted that the pilot study would obtain a satisfactory consent rate 

of 50% or greater.   
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A research ethics application was submitted to South East Scotland Research Ethics 

Committee 02 that was granted favourable ethical opinion on the 9th of May 2014. Final 

management approval was granted subsequent to South East Scotland Research Ethics 

Committee Approval on the 13th of May 2014.  The researcher completed an occupational 

health check, PMVA breakaway training, Protection of Vulnerable Groups (PVG) 

certification, assessment training, security inductions and the required good clinical 

practice trainings provided by the State Hospital for the purpose of this project.  

Subsequently, the project was set up as a non-commercial project on the National Records 

of Scotland (NRS) Scottish database with NRS Ref: NRS14/MH142 for the purpose of 

R&D approvals that would be required for data collection at each health board.  The 

University of Edinburgh provided agreement to act as a Sponsor for this project on the 

29th of June 2015.   

Identification of participants: 

Potential participants were those that the State Hospital’s Psychology Department identify 

as having completed neuropsychological assessment during 2004 or 2005 as part of the 

Neuropsychological Screening Service Project or as part of routine clinical research 

assessment. Their current place of residence was identified through liaison with medical 

records departments at the State Hospital and their original discharge destination where 

possible.  Original discharge location was provided for all 104 participants.  The researcher 

used this information as well as date of birth and year of discharge to follow-up patients 

through medical records departments throughout Scotland.  By employing this 

methodology, 74 participant locations (71.15%) were determined.  This left 30 participants 

for whom we were unable to determine locations or current RMOs.  Firstly, we will discuss 

the process by which participants were recruited through medical records tracing.  

Subsequently, we will discuss the process by which patients were traced and recruited 

through eDRIS (electronic Data Research and Innovation Service) and National Records 

Scotland.  

Recruitment of participants part I:  

Participant’s current Responsible Medical Officers (RMOs) were contacted by the 

researcher and given an information sheet on the project (see Appendix 3). RMOs were 

asked to give their opinion on participant capacity to provide written consent and 

participants were only approached subsequent to RMO approval. 
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If the RMO provided a favourable opinion on participant ability to provide consent, RMOs 

were asked to provide potential participants with a patient information sheet (see Appendix 

4) a minimum of 24 hours before the arrival of the researcher.  This was to ensure that 

potential participants had at least 24 hours to consider the project before being asked if 

they would like to take part and provide written consent.   

Members of the current care team were asked to explain the purpose of the visit to each 

potential participant and request their permission for the researcher to discuss the project 

with them. Upon arrival at each hospital site, the researcher reviewed any safety and 

precaution procedures as well as required in-house training prior to obtaining a list of 

participants available to re-assess. If interested, participants were approached individually 

by the researcher and a verbal explanation of the purpose and the means of assessment 

was provided prior to the potential participant being provided with a consent form (see 

Appendix 5).  The consent form asked potential participants to consent to one or multiple 

of the following:  

 Re-assessment using a sub-group of the assessments they completed previously.  

 Researcher access to their medical files/records in paper and digital format. 

 General Practitioner being informed of participant participation in this study.  

Pilot study  

A pilot study was conducted on participants originally assessed during 2004-5 that 

remained within the State Hospital. A pilot study approach was employed originally to 

enable the researcher to determine if the length of the assessment battery is viable and if 

the methodology is sufficient to support study feasibility. While a recruitment rate as low 

as 50% would prove sufficient for the study as a whole, it was anticipated that during the 

pilot phase it may be lower given that those participants remaining at the State Hospital 

are likely to represent those who remain most unwell. It therefore was anticipated that the 

same, or a greater rate, of consent as that achieved during the pilot study at the State 

Hospital would be obtained at the remaining institutions. 

A combined total of n=18 participants remained at the State Hospital at time of data 

collection and all participant RMOs were contacted.  Of the participants who remained 

within TSH, 17 were depicted as able to provide consent by their RMOs.  All 17 patients 

were approached by the researcher a minimum of 24 hours after patients had been given 
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the participant information sheet.  Fifteen participants (88.2%) agreed to participate in the 

present study; 13 participated in re-assessment and case-note review and a further two 

agreed to case-note review only.   A report was submitted to the State Hospital Research 

and Development Committee following pilot study completion and, as the consent rates 

exceeded the minimum requirement, funding was provided for the remainder of the study.  

R&D approvals post pilot:  

Once funding for the remainder of the study was in place, a Research Passport Application 

form was completed on the 2nd of February, 2015, and site specific information forms were 

completed through the Integrated Research Application System (IRAS) for the following 

health boards: NHS (National Health Scotland) Greater Glasgow and Clyde, NHS Lothian, 

NHS Forth Valley, NHS Highland, NHS Lanarkshire, NHS Tayside, NHS Ayrshire and 

Arran, NHS Fife, NHS Grampian, HSC (Health & Social Care) South Eastern NI 

(Northern Ireland), HSC Belfast NI.  R&D Approval was granted for all apart from one 

health board, namely NHS Lanarkshire, of which there was only one patient and their 

physician did not consider the patient to be willing to participate.  Research committee 

approvals were also required from HMP Scotland and local approvals from Rowanbank, 

Rohallion and Orchard Clinic. Data collection took place over a 16-month period (March 

2015 – June 2016) in which 49 participants provided consent (see figure 11).  

Figure 11. Consent rates of located participants  
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Recruitment of participants part II: 

This left 30 participants for whom we were unable to determine locations or current RMOs.  

In order to trace the location and determine the current RMOs of the remaining patients, 

applications were made to: Caldicott Guardian National Scrutiny Committee (Approval 

7th May, 2015); Public Benefit and Privacy Panel for Health and Social Care (Originally 

submitted 1st October, 2015; Resubmission with edits 9th November, 2015; Original 

Approval 26th November, 2015; Funding application submitted to TSH 12th of February, 

2016; Funding approved by TSH 4th March, 2016; Amendment submitted Tuesday, 2nd 

August 20162).  The PBPP application is submitted through eDRIS, which is a service 

designed to provide a single point of contact for data extraction from the previous separate 

application processes: The Community Health Index Advisory Group, NHS National 

Services Scotland Privacy Advisory Committee, and National Caldicott Guardians 

application processes. This service officially commenced 15th June 2015.  Final PBPP 

approval was obtained on August 2016.  Due to time constraints, it was decided that the 

thesis be written and statistical analysis take place despite the sample being subjected to 

possible increase in numbers.  It was viewed that an increase in numbers would only 

enhance the thesis and therefore it would be appropriate to add in final samples during 

corrections or later publication if additional data was collected.  

Psychiatric hospitals in Scotland  

The State Hospital   

The State Hospital is the only high secure care psychiatric facility for Scotland and 

Northern Ireland.  It cares for patients with major mental disorders, and associated risk of 

harm to self or others, who are admitted under the requirements of the Mental Health 

(Scotland) Act (2003).  The State Hospital represents a Special Health Board within NHS 

– the State Hospitals Board for Scotland –,  which has its own NHS Research and Funding 

Committees that individuals must receive approval from in order to conduct research.  In 

2004-5 during the initial period of data collection there were approximately 256 mixed 

male and female patients residing at the State Hospital.  However, between the years of 

2008-2012 the hospital was rebuilt to only accommodate up to 140 male patients, and 

currently, on average, 125 male patients reside at the State Hospital.   

                                                           
2 PBPP application was delayed because of (a) an inability to reach the EDRIS consultant that was 

assigned to this project and, as a result, (b) change in EDRIS consultant assigned to this project.   
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The primary aim of the hospital is to provide treatment and management regimes that 

prepare patients for a safe and uneventful transfer to further care in lower levels of security.  

As such, the management and assessment of risk of violence becomes central to clinical 

decision making within the hospital.  Transfer of patients can be based upon the decisions 

of the clinical team, led by the responsible medical officer (RMO) who is in charge of the 

patients’ care, or the Mental Health Tribunal.  Specifically, ministerial agreement has to 

be provided for individuals on restriction orders - whereby mental disorders and future 

risk of harm to others is significantly linked.  Approximately three quarters of patients are 

restricted within jurisdiction of Scottish Ministers. 

Medium secure care 

There are three medium secure units within Scotland and Northern Ireland that patients 

are often transferred to from the State Hospital.  The Orchard Clinic in Edinburgh, which 

opened in 2000, was the first medium secure unit in Scotland.  It is responsible for patients 

across three health boards, namely NHS Lothian, Fife and Forth Valley.  Rowanbank 

Clinic in Glasgow was opened in 2007 and is responsible for the NHS health boards that 

make up the west of Scotland, namely Greater Glasgow and Clyde, Lanarkshire, Ayrshire 

& Arran and Dumfries and Galloway.  The most recently opened medium secure unit is 

Rohallion Clinic in Perth, which opened in 2012 and is responsible for NHS Grampian, 

Tayside and Highlands health boards.   In addition to medium secure forensic units, 

patients are also sometimes transferred to HMP prison services.  Many medium secure and 

prison services have their own Research Committees where by health board approval and 

local committee approvals are required to conduct research.  

Low secure & outpatient care   

Most health boards have low secure services and community forensic mental health teams 

for those transferred out with inpatient units.  Patients can also be transferred into nursing 

home facilities or private or independent care medium or low secure facilities. A few 

patients will also be transferred to a psychiatric or learning disability facility in England, 

however this typically only occurs when the patient has English citizenship.  

Procedure  

All follow-up neuropsychological assessments, case-note data collections, data 

management and analysis, as well as dissemination of results was completed by the 
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researcher (PhD student). Any information documented from case-notes or the forensic 

network census was completed by clinical staff within the forensic network.  Baseline 

neuropsychological assessments were conducted by two research assistants and one of the 

PhD supervisors, Dr Suzanne O’Rourke, in 2004-5 for the Neuropsychological Screening 

Service Project or for routine data collection purposes.   

The length of the neuropsychological assessment battery varied between participants 

according to the number of assessments that were administered during 2004-5.  The full, 

comprehensive battery of assessments takes approximately 4 hours to complete per 

participant. Assessments were spread over numerous days in order to prevent participant 

fatigue with a maximum of two assessments sessions completed per day. Although it was 

acknowledged that for many consenting participants the assessment battery is lengthy, it 

reflects the thorough nature of a comprehensive neuropsychological assessment and a 

uniquely broad data set. The neuropsychological tests administered by the 

neuropsychology department in 2004-5 were chosen based on suitability and availability, 

and were identified as the optimum assessments for the purposes of assessing 

neuropsychological functioning within this population.  In order to conduct a valid and 

reliable follow-up investigation, a subset of measurements previously completed by 

participants (including the same version numbers) were re-administered.   

Although the Flynn effect – intergenerational increase in intelligence scores over time – 

is acknowledged as possibly having an impact on results, the present study included age-

adjusted scores as opposed to raw data in order to control for the natural age-related 

declines that would be expected in this population.  Furthermore, the Flynn effect is 

assumed to be a result of environmental factors (Flynn, 2007), and the majority of the 

present population did transfer out with psychiatric services during the follow-up period, 

suggesting that it is unlikely environment will have had a large impact for most 

participants.    

At the end of the assessment phase for each participant all completed test materials were 

offered to the participant’s clinical teams and a participant and RMO feedback forms were 

given to teams or entered into medical records. The researcher discussed results with each 

participant using the participant feedback form or, if this option was not feasible or 

preferred RMOs or a lead from each clinical team were asked to feedback the results of 

the assessments to participants using the summary report provided as a courtesy in return 
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for the information provided.  For a majority of the participants the researcher was able to 

provide feedback personally.    

Following completion of neuropsychological assessment, data was collected through case-

note review and the Forensic Network database. Case-note review widened the scope and 

comprehensiveness of information we are able to collect and analyse in relation to 

participant violence risk, functional outcome and neuropsychological outcome. In addition 

to enabling researchers to examine accurate accounts of participant historical measures, it 

also allows for examination of environmental factors; namely the use of psychotropic 

medication and comorbid diagnoses, which may influence participant risk and assessment 

results. This data permitted examination and statistical elimination of potential 

confounding variables not otherwise controllable.  Case-note assessment was completed 

using both computerised and hard copy case-notes where possible.  

Upon completion of re-assessment, data on participants who had provided consent for the 

researcher to access electronic record information was requested through the Forensic 

Network.  The variables requested were divided into four categories, namely: measures of 

head injury, measures of substance abuse, measures of risk-related outcomes, and 

demographic information.  Where possible, case-note data and forensic network variables 

were cross-referenced to ensure consistency. Once the dataset was received, the researcher 

re-coded variables into dichotomous form where required and removed any incomplete 

data for the purpose of analysis.   

Neuropsychological assessment 

A full description of each measure as well as examination of the reliability and validity in 

the context of prior research are as follows:  

Wechsler Adult Intelligence Scale – third edition (WAIS-III)  

Description:  

The WAIS-III is an assessment of general intelligence comprised of fourteen different sub-

tests that takes an average of 70 minutes to complete.  Subtests include: picture completion, 

vocabulary, digit symbol, similarities, block design, arithmetic, matrix reasoning, digit 

span, information, picture arrangement, comprehension, symbol search, letter-number 

sequencing, and object assembly.  Outcome variables include three intelligence quotients, 
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namely Verbal IQ, Performance IQ and Full Scale IQ, and four indices – verbal 

comprehension, working memory, processing speed and perceptual organization.     

Administration & Scoring:  

For the purpose of this project, the researcher adhered to WAIS manual for core, but not 

optional, components.  The order in which subtests appear in the recording form is the 

order in which they must be presented. Primary index scorers are scaled on a normal score 

with a mean of 100 and standard deviation of 15. 

Psychometric properties: 

The WAIS-III was published as a revised version of its predecessor, the WAIS-R, 1997 

for individuals aged 16-80 in the USA.  Shortly thereafter, the UK WAIS III project made 

minor sub-test modifications and standardized scores on a UK normative sample of adults.  

In addition to being deemed both valid and reliable in a normative sample, the WAIS-III 

subtests have evidenced high reliability coefficients amongst clinical populations, 

including mild Alzheimer’s (.72 to .95), Huntington & Parkinson’s (.85 to .95), traumatic 

brain injury (.81 to .96), schizophrenia (.74 to .95), alcohol-related disorders (.68 to .94) 

and temporal lobe epilepsy populations (.78 to .96) (Zhu et al., 2001; Arb et al., 2000).  

These reliability rates are comparable, and in some cases greater than, those reported for 

normative populations.  Similarly, when examining individuals with substance abuse 

specifically, Ryan & Lopez (2001) found a median reliability coefficient of .86, with 

outstanding index and IQ reliabilities ranging from .94 to .97.  

Although VIQ and PIQ factors have been used throughout the literature, the latest version 

of the WAIS (WAIS-VI) removed VIQ and PIQ deviation scores.  In contrast, the four 

factor structure used in the WAIS-III has been carried over to the latest version and have 

shown construct validity across a wide range of samples, including traumatic brain injury 

(Van der Hijden and Donders, 2003) and psychiatric samples (Ryan and Paolo, 2001; van 

der Heijden et al., 2013).  As such, for the purpose of this thesis only the four-factor 

structure scores are examined from pre to post to keep in line with the most recent WAIS 

and recommendations.  
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Wechsler Memory Scale – third edition (WMS-III)  

Description:  

The WMS-III is a general test of memory and learning that is comprised of six primary 

sub-tests and five optional subtests and takes an average of 30-35 minutes to administer 

with a 25-35-minute delay between completion of logical memory I and logical memory 

II.  There are three primary indexes and five secondary indexes, namely: Immediate 

memory (secondary indexes: auditory immediate, visual immediate), general (delayed) 

memory (secondary indexes: auditory delayed, visual delayed, auditory recognition 

delayed) and working memory.  The primary sub-tests include logical memory I 

(immediate) and II (delayed), faces I (immediate) and II (delayed), verbal paired associates 

I (immediate) and II (delayed), family pictures I (immediate) and II (delayed), word lists 

I (immediate) and II (delayed) and visual reproduction I (immediate) and II (delayed).  

There are also five optional subtests, namely: information and orientation, word lists I 

(immediate) and II (delayed), mental control, digit span and visual reproduction I 

(immediate) and II (delayed). 

Administration & scoring:  

For the purpose of this project, the researcher adhered to WAIS manual for core, but not 

optional, components.  The order in which subtests appear in the manual are the order in 

which they must be presented during administration. Raw scores are computed and 

converted into scaled scores using the administration and scoring manual.  Similar to the 

WAIS, primary index scorers are scaled on a normal score with a mean of 100 and standard 

deviation of 15.   

Psychometric properties: 

Similar to the WAIS-III, the WMS-III was published in 1997 as a revised version of the 

previous version published in 1987.  The WAIS and WMS were normed together on a 

population of 1,250 adults from the USA between the ages of 16-89.  Nationally 

appropriate data was collected to confirm the support of the WAIS-III and WMS-III in the 

United Kingdom subsequent to adapting culturally relevant items from the American 

Version into the UK version.   

Iverson (2001) reviewed reliabilities in clinical samples and concluded auditory 

immediate index, immediate memory index, auditory delayed index and general memory 
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index to be the most reliable based upon internal consistency and test-retest reliability in 

these three patient groups.   Although the measure produces of eight index scores all 

together, the factor structure has been long debated.  Wechsler (1987) originally proposed 

and provided validation for a two factor solution, namely general memory and 

attention/concentration, which was later imitated by Bornstein and Chelune (1988) who 

developed a three-factor model – verbal memory, visual memory, attention/concentration 

– in a mixed patient sample.  Two years subsequent, Roth and colleagues (1990) conceived 

a three-factor solution by including delayed recall subtests in their analyses that had not 

been included in previous confirmatory analyses.  The factor structure included 

attention/concentration, general memory, and delayed recall.  Burton, Mittenberg & 

Burton (1993) further examined this factor structure and concluded that a three-factor 

model including attention/concentration, immediate and delayed memory explained 91% 

of the variance and fit better than the previously proposed models.   

Connors Continuous Performance Test (CPT)  

Description:  

The CPT-II is a computerised, task-oriented assessment of attention problems and 

treatment effectiveness that takes 14 minutes to administer.   Letters are presented on the 

screen and participants are instructed to press the space bar or click the mouse after any 

letter except the letter ‘X’ appears on the computer screen.  Between stimuli, there are 1, 

2 and 4 second intervals with a display time of 250 milliseconds.  There are 6 blocks with 

3 sub-blocks that consist of 20 letter presentations per sub-block.   

The key areas measured are:  Response Times, Change in Reaction Time Speed and 

Consistency, Signal Detection Theory Statistics, Overall Statistics (confidence index and 

overall index), Omission Errors, Commission Errors 

Administration & scoring:  

Prior to administering the CPT II, a short 70-second practice test is administered to ensure 

individuals understand the task prior to commencing the test.  Following completion of 

the practice test, CPT II instructions appear once more on the screen and the researcher or 

administrator reiterates instructions.  The administrator remains present for the duration 

of the assessment and participants are asked to refrain from asking questions until the end 

of the test.  All measures of the CPT II, apart from the confidence index and overall index, 
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which can be interpreted without conversion, are converted into t-scores and percentiles.  

Percentiles are derived against an age-matched comparison groups (18-34; 35-54; 55+) 

and represent the percent of comparison group that scored below the individuals score.  

However, when interpreting percentiles of commission errors, commission errors and 

perseverations lower percentiles depict less impairment.  

Scoring for individual variables:  

 Omission error: target was presented but participant did not respond.  High error 

rates indicate sluggish response. 

 Commission error: participant responded when target was not present.  High error 

rates suggest impulsivity.  

 Hit Reaction Time:  amount of time between target presentation and participant 

response.   

 Perseverations: a response that occurs less than 100ms following the stimulus.  

Large number of perseverations are a result of pre-emptive responding, random 

responding or very slow responsiveness to a previous stimulus.   

Psychometric properties: 

The CPT-II was released in 2000 after being validated on a sample of 2686 subjects, of 

which 601 were classified as clinical with either a diagnosis of ADHD or neurological 

impairment.  Statistical validation supported the CPT-II as producing significantly 

different scores between clinical and normative samples, and split-half reliability 

(range .66-.95) and standard error scores supported psychometric accuracy.  Although the 

original normative sample was primarily younger adults (18-50) the CPT-II has since 

demonstrated applicability in elder adults (Parr, 1995).  Specificity and sensitivity rates 

between ADHD and non-clinical populations and neurologically impaired and non-

clinical populations range from 85-92%, suggesting highly satisfactory classification 

accuracy (Sitarenios, 1999).   

Facial Expressions of Emotion (FEEST): Ekman 60 Faces Test  

Description:  

The FEEST, derived from Ekman 60 Faces test, uses a range of faces from the Ekman and 

Friesen (1976) series to test recognition of facial expressions of emotion. The Ekman and 
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Friesen (1976) faces have been the most widely used and extensively validated set of facial 

expressions in research studies, but have not previously been used in published tests of 

facial expression recognition. The test involves recognition of facial expressions of six 

basic emotions – anger, disgust, fear, happiness, sadness, and surprise. There are ten 

examples of facial expressions of each emotion, leading to a score out of a maximum of 

60 for overall performance, or scores out of 10 for recognition of the six emotions. 

Photographs of the faces of 10 people (6 females, 4 male) have been selected from the 

Ekman and Friesen (1976) series. For each face, there are poses corresponding to each of 

6 emotions (anger, disgust, fear, happiness, sadness, and surprise), giving a total of 60 

photographs. The faces are presented one at a time for 5 seconds each, followed by a blank 

screen. The participant is asked to decide which of the emotion names (anger, disgust, fear, 

happiness, sadness, and surprise) best describes the facial expression shown. The names 

of these six emotions are visible on the computer screen throughout the test, with the order 

in which the emotion names are shown on the screen randomized each time the test is 

given.  Responses can be recorded from mouse-clicks to the on-screen buttons, or via the 

computer keyboard. The test is not timed – participants can take as long as they wish to 

decide on the emotion. The 6 practice trials are followed by 60 test trials. The software 

randomizes the order of presentation of trials within each block. 

Administration & scoring: 

Participants complete a practice test in which they complete six trials, one of each emotion, 

prior to commencing the 60-faces test.  During the practice test if individuals misinterpret 

a facial expression, the administrator provides the correct answer.    

Psychometric properties: 

Assessment using the Ekman’s 60-faces task is the most employed research tool for 

assessing facial recognition and the Ekman’s 60 faces have been the most commonly used 

sequence of standardized photographs. Furthermore, facial emotion perception has been 

extensively examined through employing this test in both healthy (Dodich et al., 2014; 

Caparros et al., 2015) and psychiatric populations, including schizophrenia (Kohler et al., 

2010) and personality disordered individuals (Unoka et al., 2011).  Furthermore, 

examination across cultures has suggested a high cross-cultural agreement regarding 

depicting intensity of emotions (Ekman et al., 1987).   
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Test of Memory Malingering (TOMM)  

Description:  

The TOMM is an assessment used to distinguish between malingered and true memory 

impairment.  The assessment consists of two learning trials and one retention trial. The 

examinee is shown 50 pictures for three seconds each with one-second interval between 

pictures in a certain order.  The examinee is then shown 50 two choice recognition panels.  

Each panel has one of the previously presented pictures and a distractor picture not 

previously shown.  They are instructed to select the correct picture from each panel.  

Learning trial one and two contain the same 50 pictures but in different orders.  In the 

retention trial, target pictures are not shown before subsequent recognition panels.  

Examinee is asked to pick the correct picture from each recognition panel. 

Administration & scoring: 

Individuals are required to complete a sample trial to ensure that the task is clearly 

understood prior to commencing the learning trial.  Any score lower than 45 on trial 2 or 

the retention trial suggests that level of effort should be questioned.  However, scores of 

<18 are unlikely to occur by chance, and although scores should be suspected of 

malingering, prior research has suggested that malingerers often do not score below 

chance on the TOMM (Binder & Willis, 1991; Wiggins & Brandt, 1988).    

Psychometric properties: 

The development and validation of the TOMM took place between 1992-1996, in which 

the measure was validated in a non-clinical and clinically impaired sample.  The clinically 

impaired sample included 161 individuals with primary diagnoses of either: no cognitive 

impairment, cognitive impairment, aphasia, traumatic brain injury and dementia.  

Evidence suggested that TOMM to have high resistance to types of cognitive impairment 

and supported the tool as a useful test for detecting faked memory impairment.   

Cambridge Neuropsychological Test Automated Battery (CANTAB) -RVIP, RVP, motor 

screening, SOC, BLC, ID/ED 

Description:  

CANTAB is a computerised, predominantly non-linguistic and culturally neural test 

developed by the University of Cambridge and sold commercially by Cambridge 
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Cognition.  There are 22 different tests that examine areas of cognitive functioning, 

namely visual memory, executive function, attention, semantic/verbal memory, decision 

making and response control, and social cognition.    The average administration time is 

40 minutes of the battery employed for the purpose of this thesis.  Tests are administered 

on a portable tablet touch screen PC with an attached press-pad, keyboard and mouse.  

Haring et al (2015) suggested stockings of Cambridge (SOC), intra-extra dimensional shift 

(IED) and rapid visual information processing (RVP) as three of the eight tests that were 

likely to measure cognitive impairment known to be present in first episode psychosis.  

The other five tests measured abilities for which we have already assessed (recognition 

memory, working memory, spatial span and learning).  For the purpose of the present 

study, CANTAB is used to measure motor functioning – as a measure of screening for 

suitability –, attention and executive functioning.  The following sub-tests were utilised: 

Table 7. CANTAB sub-tests employed  

Umbrella Ability / 

Purpose  

Test Cognitive ability measured Administration 

time 

Screening & Induction  MOT Sensorimotor functioning 2 minutes 

BLC Comprehension & learning  2 minutes  

Attention RVP Attention  10 minutes  

RTI Motor and mental response speed 5 minutes  

Executive Functioning SOC Spatial planning (problem solving) 10 minutes  

IED Shifting & Flexibility of attention  7 minutes  
Note: MOT, motor screening task; BLC, big little circle; RVP, rapid visual information processing; 

RTI, reaction time; SOC, stockings of Cambridge; IED, intra-extra dimensional set shift.  

 
Induction tests: 

1) Motor Screening Task 

a. Task: Participants must touch the flashing cross which is shown in 

different locations on the screen.  

b. Outcome measures: This test has two outcome measures which measure 

the participant's speed of response and the accuracy of the participant's 

pointing.  

2) Big/Little Circle 

a. Task: Participants must first touch the smaller of the two circles displayed, 

then, after 20 trials, touch the larger circle for 20 further trials.  

b. Outcome measures: This test has five outcome measures, covering latency 

(speed of response) and the participant's ability to touch the correct circle. 
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Attention: 

1) Rapid Visual Information Processing 

a. Task: A white box appears in the center of the computer screen, inside 

which digits, from 2 to 9, appear in a pseudo-random order, at the rate of 

100 digits per minute. Participants are requested to detect target sequences 

of digits (for example, 2-4-6, 3-5-7, 4-6-8) and to register responses using 

the press pad.  

b. Outcome measures: The nine RVP outcome measures cover latency, 

probabilities and sensitivity.  

2) Reaction Time 

a. Task: The task is divided into five stages, which require increasingly 

complex chains of responses. In each case, the participant must react as 

soon as a yellow dot appears. In some stages, the dot may appear in one of 

five locations, and the participant must sometimes respond by using the 

press-pad, sometimes by touching the screen, and sometimes both.  

b. Outcome measures: The four outcome measures in RTI are divided into 

reaction time (simple and 5-choice) and movement time (simple and five-

choice). 

Executive Functioning: 

1) Stockings of Cambridge 

a. Task: The participant is shown two displays containing three coloured 

balls. The displays are presented in such a way that they can easily be 

perceived as stacks of coloured balls held in stockings or socks suspended 

from a beam. This arrangement makes the 3-D concepts involved apparent 

to the participant, and fits with the verbal instructions. There is a row of 

numbered boxes along the bottom of the screen. The test administrator first 

demonstrates to the participant how to use the balls in the lower display to 

copy the pattern in the upper display, and completes one demonstration 

problem, where the solution requires one move. The participant must then 

complete three further problems, one each of two moves, three moves and 

four moves. Next the participant is shown further problems, and must work 

out in their head how many moves the solutions to these problems require, 

and then touch the appropriate box at the bottom of the screen to indicate 

their response. 
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b. Outcome measures: OTS has four outcome measures - problems solved 

on first choice, mean choices to correct, mean latency to first choice and 

mean latency to correct. Each of these measures may be calculated for all 

problems, or for problems with a specified number of moves (one-move 

to five or six moves).  

2) Intra-Extra Dimensional Set Shift 

a. Task: Two artificial dimensions are used in the test: colour-filled shapes 

& white lines. Simple stimuli are made up of just one of these dimensions, 

whereas compound stimuli are made up of both, namely white lines 

overlying colour-filled shapes. The participant starts by seeing two simple 

colour-filled shapes, and must learn which one is correct by touching it. 

Feedback teaches the participant which stimulus is correct, and after six 

correct responses, the stimuli and/or rules are changed. These shifts are 

initially intra-dimensional (e.g. colour filled shapes remain the only 

relevant dimension), then later extra-dimensional (white lines become the 

only relevant dimension). Participants progress through the test by 

satisfying a set criterion of learning at each stage (six consecutive correct 

responses). If at any stage the participant fails to reach this criterion after 

50 trials, the test terminates 

b. Outcome measures: This test has 18 outcome measures, assessing errors, 

and numbers of trials and stages completed.  

Administration & scoring: 

The CANTAB is administered in the exact same order to all participants.  The order of the 

tests is as follows: motor screening task, big/little circle, intra-extra dimensional set shift, 

rapid visual information processing, reaction time, and stockings of Cambridge.  After 

completion of each sub-test, the administrator stops and provides instructions and asks the 

participant if they have any questions.  The administrator remains present throughout the 

CANTAB however remains unobtrusive.  

Psychometric properties: 

The CANTAB was originally validated in a normative sample of adults in 1980.  The 

CANTAB has been comprehensively validated for assessment in elderly (Robbins et al., 

1994) and normal populations (Robbins et al., 1998) and clinical populations including 
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first episode psychosis (Barnett et al., 2005; Haring et al., 2015), and schizophrenia (Stip, 

Lecardeur & Sepehry, 2008).    

Outcome measures 

Case-note Variables related to risk:   

With participant consent, the following information was obtained from case-notes where 

possible: current diagnosis, annual medication, inpatient incidents, outpatient incidents, 

transfers, discharges, risk-assessment outcomes, violence-related variables and type of 

order.  A full list of variables collected can be seen below.    

Forensic Network Census & case-note review variables:  

Furthermore, data was extracted from the Forensic Network Census database to increase 

the efficiency and comprehensive nature of participant data. As there were many 

participants for whom one or multiple volumes of case-notes were missing, we hoped that 

the FNC data would be able to fill gaps in information.   

 Descriptive Data  

o Date completed, hospital/clinic, date of current admission, source of 

current admission, legislation for current and/or past detention, current 

conviction status, medical history  

 Outcome Data related to Risk  

o Reason(s) for current admission, offence(s) or alleged offence(s) leading 

to current admission, violent incidences during current admission, date of 

most recent conviction, total number of previous convictions, previous 

offences committed, patient contact with allied health professionals and 

members of psychological therapy services, patient information regarding 

involvement in therapy and/or placements, patient functional assessment, 

patient assessments conducted during current admission (HCR-20, HCR-

3, RSVP, Rapid Risk Assessment, SAPROF, Other risk Assessments, 

PECC, BEST, PCL-R, PCL-SV, IQ tests, Forensic HONOS, IPDE) 

 Data related to prediction of contributing factors related to patient deficits and 

potential covariant. 

o Birth problem or incident, abnormal infant development, history of 

physical abuse, history of sexual abuse, special school – learning disability, 

patient alcohol consumption problems, patient illicit drug misuse, patient 
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use of drugs/substances, patient history of intravenous drug use, 

neurological injuries or neurologically relevant diagnoses during the 

follow up period, psychotropic medications prescribed during the follow 

up period, number of distinct psychotic episodes before and since original 

assessment.  

Variables through eDRIS: 

Variables were extracted from the National Records of Scotland (NRS) in two phases.  

Phase 1 included any variables used for tracing purposes, whereas phase two extracted 

variables for all consenting patients. 

Scottish Morbidity Records (SMR)3 

 SMR00: Mental health outpatient appointment data  

o Phase 1: date clinic attendance; institution code; significant facility; 

speciality; GMC registration number  

o Phase 2: Date attendance; institution code; referral type; attendance status; 

significant facility; speciality   

 SMR01: Acute hospital admissions for drug/alcohol misuse.  

o Phase 1: admission date; institution code; significant facility; speciality; 

GMC registration number; head injury presence (via ICD S06.2; 

diagnoses)  

o Phase 2: admission date; admission type; admission reason; discharge 

type; discharge date; discharge/transfer to; head injury presence (via ICD 

S06.2; diagnoses) 

 SMR04: Acute mental health admissions  

o Phase 1: admission date, admission/referral from; institution code; GMC 

registration number 

o Phase 2: admission date; admission/referral from; previous psychiatric 

inpatient care; arrangements for aftercare; discharge – main condition 

Scottish Drugs Misuse Database (SDMD)4 

                                                           
3 Dataset collected on behalf of NHS Scotland that includes health related administrative data 

available from 1980-81 (dataset dependant) onwards.  SMR00 = episode level data on outpatient 

appointments; SMR01 = episode level data on acute hospital admissions; SMR04 = episode level data 

on psychiatric admissions. 
4 National dataset collected on behalf of NHS Scotland that includes information on the misuse of 

drugs in Scotland.    
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 Interactions with clinics providing treatment for drug users  

o Phase 2: admission date; SMR25a (illicit drugs profile past month; 

injecting/sharing details; alcohol profile); SMR25b (illicit drugs profile 

past month; injecting/sharing details; alcohol profile) 

NHS Central Register for Scotland5  

 Death Registrations: cause of death; date of death 

Community Health Index (CHI) database6 

 CHI numbers (Phase 1)  

Ethical considerations 

Ethical approval was obtained from the University of Edinburgh, NHS Research Ethics 

Committee, relevant R&D access approval processes for health boards across Scotland, 

England and Northern Ireland and access approval for prisons as previously stated.  There 

are multiple ethical issues that arise from this study that are pivotal to address. Although 

ethical approval has been obtained, the following is a brief outline of the primary ethical 

issues and how they were addressed:  

Participant distress: Due to the lengthy assessment time of approximately 4 hours, 

participant assessment was spread across four sessions. Difficulty during assessment cause 

participant distress, however participants are permitted to withdraw from the study at any 

time if this becomes an issue. Additionally, it is noted that all participants being assessed 

have previously been assessed using identical measures and are therefore aware of what 

the assessment entails. 

Disclosure of personal information: Participants completed assessments on a voluntary 

basis and therefore they were not be required to disclose any information that they are not 

willing to disclose. All data collected from case-note review was collected as part of a 

joint clinical screening or research initiative ten years prior.  

Risk of breach of confidentiality: There was a potential risk that participant confidentiality 

would be breached. To minimize this risk all participants were given anonymous personal 

identifiers that prevent the linking of names to personal data. This ensured the anonymity 

of extracted data. Results and case-note data were stored in highly secured and encrypted 

                                                           
5 Registration of deaths received prior to the commencement of phase 1 & 2 (extraction of remaining 

NRS data) 
6 A national population register used in Scotland for health care purposes  



142 
 

files that only the principal investigator and supervisors had access to. The only situation 

where confidentiality would have been breached was in a circumstance where someone is 

identified as being at risk of being harmed, whereby the benefit of protecting and ensuring 

such individual’s safety outweighed confidentiality.  

Researcher safety: Researcher completed the State Hospital’s security induction and 

breakaway training. All assessments were conducted in treatment facilities (for instance 

NHS or private treatment facilities) or within the prison service. At no time did the 

researcher follow-up with participants in an environment that compromised her safety. If 

during follow-up we identified participants that were living in the community, we sought 

permission from their community mental health team (CMHT) to meet in the CMHT 

offices or outpatient facilities.  

Data collection: Data collected includes records from both participant medical files and 

neuropsychological assessment results and, therefore, it is pivotal that all data collected 

remained confidential. Multiple methods were used to ensure confidentiality:  

Pseudonymisation of data: Participants were assigned a participant number ensuring that 

data was not attached to names or identifying information. Participant name was never 

utilised throughout any stage of the study apart from patient and team feedback.  

Participant Consent: All participants approached with consent forms had been previously 

identified by their Responsible Medical Officers as having capacity to provide consent. 

All potential participants were given a minimum of 24 hours to consider participating in 

the study after being given an information sheet before being approached, and were also 

informed that participation was voluntary and they were able to withdraw from 

assessments at any time.  

Data storage: All assessments completed and data collected from databases or medical 

files were be stored in a secure, encrypted electronic file that only the supervisors and 

principal investigator had access too. Additionally, all hard copies of assessments were 

held securely in a locked filing cabinet in a locked room that only a small number of 

university individuals have access to, ensuring confidentiality. At the end of the study, all 

raw data and databases will be disposed of in accordance with data protection regulations 

governing research material.  
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Data transfer: Participant data was only accessed by the principal investigator and the 

supervisors; both had access to the secure database. Therefore, no data needed to be 

transferred electronically. Hard copy assessments were transferred directly from 

participant institution to a secured locker in order to protect participant confidentiality. 

The database containing anonymised data was held on the secure University of Edinburgh 

server. 

Data transfer eDRIS: Encrypted file sharing protocol as determined by the State Hospital 

was followed for the purpose of data transfer from National Services Scotland. No data 

was transferred out with this system or hospital.  Furthermore, NHS data sets remained 

within the State Hospital prior to be anonymised. This includes results of re-assessment or 

case-note data collection when matched with patient data. Only assessment data that is 

made unidentifiable, and uncoupled from NHS data, was removed from TSH.  Data was 

therefore stored in the State Hospital’s secured database, on principal investigator servers 

only accessible by IT and the principal investigator. All confidential records were kept in 

a secure locked filing cabinet with access controlled by head of department. Records were 

filed in the manner most appropriately for timely retrieval and compliance with retention 

and destruction arrangements.  Only once data was anonymised was it be transferred to 

the University of Edinburgh.  At this point, data was stored on a password secured hard 

drive only the principal investigator could access.     

Additionally, the following procedures are followed within TSH: 

 Only authorised persons have access to information systems and access is 

restricted to information required on a need to know basis 

 Each user has a unique and verifiable identity and all transactions are recorded  

 It is a password protected system and access to TSH from exterior networks is 

only permitted in exception circumstance, in line with national standards and NHS 

regulations 

 TSH controls and monitors internal access to external networks 

 Risk assessments are carried out for all information and record systems 
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 Data stored on the system complies with the requirements of the data protection 

act and recommendations of TSH information steering group associated with the 

secure storage of data.  

Statistical analyses  

Change over time  

Power analysis was conducted using G*Power prior to calculations and number of 

variables entered in analyses were based on these findings. SPSS statistical software was 

used to conduct statistical analyses. A series of MANOVAs were conducted to assess 

cognitive change and the impact of risk-factors for decline, namely substance misuse, 

alcohol misuse, head injury and medication.  Prior to conducting the MANOVA, a series 

of bivariate correlational analyses were conducted to assess overlap in variance between 

cognitive measures as well as overlap between risk-factors for decline.  Any variables that 

emerge with significant correlations were entered into the MANOVA together.  Follow-

up one-way ANOVAs were conducted where MANOVA statistics emerge as significant 

in order to assess which cognitive variables changed over time.   

Cognitive abilities that significantly decline were entered in the second series of 

MANOVAs examining the mediation effects of risk-factors for decline.  Cognitive 

abilities that did not decline over time were be examined in relation to risk-factors for 

decline, however a second MANOVA was conducted.  If significant effects emerged from 

either MANOVA examining risk factors for decline, follow-up ANOVAs were conducted 

in order to determine which risk factors most significantly mediated change or stability of 

cognitive abilities.   

Prediction of violence risk   

In order to test which cognitive deficits predict outcome hierarchical multiple regression 

analyses were used. Logistic hierarchical regressions were used for categorical outcome 

variables, and linear hierarchical regressions for continuous outcome measures.  This 

enabled us to examine hypothesis two by displaying which areas and the severity of 

cognitive deficits are predictive of participant perceived risk and violent recidivism. 

Bootstrapping was employed where relevant.  
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Limitations to real-world practice 

Although the methods employed were consistent and reliable and practice effects were 

presumed to be minimal due to duration of follow-up, there are several methodological 

limitations.  Reliability and consistency of outcome measures were completely dependent 

on clinician reporting and administrative inclusion of information within case-notes.  

There were many case-notes in which HCR-20 scores were not reported or incomplete, or 

when relevant information about medication, violent incidents and transfers were absent.  

Furthermore, due to the high rate of transfer between clinics amongst this group of patients, 

there were a large number of individuals who had one or multiple volumes of case-notes 

missing.  Although the researcher worked with clinical teams, responsible medical officers 

and medical record departments to obtain missing case-notes, in certain cases, this was not 

possible.  Prior to completion of data collection, original, hardcopy TSH psychology and 

annual review notes were hand-searched for any missing data.  

Furthermore, reporting of head injury and substance misuse comorbidities within this 

population are reliant on self-report and clinician subjectivity as to if the reports are 

sufficient to result in diagnosis.  It is suspected that there is a great underreporting of head 

injury specifically as a result.   

Finally, although the same researcher completed all follow-up assessments, there were 

multiple researchers who completed baseline assessments, which may have resulted in 

inter-researcher discrepancies of the individually rated assessments – namely, WAIS, 

WMS and TOMM.  Although initially it was thought that length of battery would pose an 

issue, removal of those with a diagnosed learning disability and break-up of sessions into 

one hour increments decreased this limitation and evidentially was not found to be an issue. 

Limitations of the HCR-20  

Although the HCR-20 is the current gold-standard tool for measuring risk of violence in 

forensic psychiatric inpatients, there are a few limitations of using the HCR-20 as an 

outcome measure that should be acknowledged.  The HCR-20 was initially developed as 

a risk assessment and management tool, and therefore scores are impacted by any given 

services ability to manage risk.  However, the present study only included individuals who 

originated as patients at the state hospital, many of which will have followed a similar 

transfer and discharge care path.  This will help control for some, but not all, of the 

variables attributable to service potential. Additionally, the HCR-20 is a subjective 
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measure and the accuracy of assessment is still debatable.  As a result of this inherent 

limitation, the present study will examine other measures of violence in parallel with the 

HCR-20, as opposed to just the HCR-20 on its own.    

Furthermore, historical items will be included for the purpose of analysis.  Despite the 

proposed static nature of historical items, many things come to awareness throughout an 

individual’s care path that may not have been mentioned or verified upon admission or 

previous assessment. There are also historic items in the HCR-20, such as employment 

history and relationship status, that are indeed subject to change.  In addition to these 

factors, the HCR-20 is employed as a holistic tool, as opposed to separate components, in 

clinical practice when managing and assessing risk.  In order to account for changes across 

various historic variables and to maintain relevance for clinical practice, all components 

of the HCR-20 will be included in analyses.  

6.2: Neurological injury in relation to risk-related outcomes and self-

harm in Forensic Psychiatric Hospitals across Scotland  

The Forensic Network Database  

The forensic network at The State Hospital currently hosts a Forensic Mental Health 

service-user database (FNSD) that was developed in 2013.  There have been three points 

of prevalence data collection since dataset creation, namely 2013, 2014 and 2015.  

However, as the third point prevalence data collection was not completed until November 

2015, the dataset was not available for extraction at the time of data collection.  As a result, 

the data returns from 2013-2014 were used for the purpose of this study.  The census 

includes a wide range of data from case-notes including demographic details, psychiatric 

and forensic history, medication details, physical and social history, and risk assessment.  

The data is available by application in non-identifiable, anonymised format, as requested 

for the purpose of this study.    

Plan of investigation  

Pre data collection approvals:  

The present study was approved by the State Hospital Research Committee on the 30th of 

May 2016, and management approval was granted on the 15th of June 2016.  No ethical 

approvals were required out with the State Hospital because only Forensic Network 
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Census Data was utilised, which already has approval from South East Scotland REC to 

be utilised for research purposes.  

Identification of participants: 

Inclusion Criteria: Any individuals included in the 2013 Forensic Network Inpatient 

Census.  Individuals with learning disabilities were only included for descriptive statistics 

and were excluded from further analysis. 

Exclusion Criteria: Any individuals with a primary or secondary learning disability 

diagnosis were excluded.  

 Information on 522 individuals within the FN was received from the FN manager  

o Exclusion based on LD primary: n=89  

o Autism primary: n=1  

o Exclusion based on LD secondary: n=4 

Procedure 

Data collection  

In order to collect anonymized data, the researcher is requesting to extract data (or access 

extracted data) from the FNC.  Variables included within the Forensic Network Inpatient 

Census on risk-related outcomes, neurological injury, substance abuse and offence history 

that are of interest have been pre-determined (see below).  

Variables to Extract:  

Measures of Head Injury  

 History of any of the following: Head Injury (44)   

 Any history of brain scans?; If known, specify scan; Any abnormalities (46)   

 ICD-10 Diagnosis: Acquired brain injury (48)   

 Birth problem or incident (10)  

 Abnormal infant development (11)   

Measures of Substance Abuse   
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 Patient alcohol consumption problems (19)  

 Patient illicit drug abuse (20)  

 Patient use of drugs/substances (21)  

 Patient history of intravenous drug use (22)   

 ICD-10 Diagnosis: Drug Induced Psychosis; Alcohol dependence; Alcohol 

harmful use; alcohol withdrawal; drug dependence; drug harmful use; drug 

withdrawal (48)   

Measure of risk-related outcomes  

 Legislation for current and/or past detention (33)   

 Total number of previous convictions; Previous offences committed (37)   

 Patient assessments conducted during current admission: BEST  

 Self-harm (43) current and historic 

 Violent incidents during current admission (32)   

 HCR-20  

o Individuals had to have at least 8/10 historical RF completed, and all 

clinical and risk factors.  

Demographics   

• Hospital/Clinic (1)   

• Patient Demographic Information  

o Previous post code (2)  

o Gender (3)  

o Nationality (5)  

o Ethnic Origin (6)  

o History of physical abuse (12)  

o History of sexual abuse (13)   
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o Highest level of academic achievement (17)  

o Date of current admission (24)  

o Responsible health board (26)  

o Source of current admission (27)   

o Reasons for current admission (28)  

o Offences or alleged offences leading to current admission (29)   

• Patient Psychiatric Morbidity  

o Year of first contact (40)  

o This is the FIRST psychiatric admission (41)   

o Previous treatment (42)  

• Learning Disability   

o Schooling: Special school – learning disability (15)  

o ICD-10 Diagnosis: Mental Retardation / Learning Disability (48)  

Statistical analysis  

SPSS statistical software was used to conduct statistical analyses.  Descriptive statistics 

were computed for the remaining cohort after excluding learning disabilities. Presence of 

neurological injury and history of substance abuse were coded into dichotomous variables 

(1=yes, 0=no) in order to determine prevalence.  Category of neurological injury and 

substance abuse were also coded where possible. A factorial MANOVA was employed to 

examine the impact of risk factors on violence outcomes.  Chi square tests were run to 

examine the differences between groups with and without presence of risk factors on 

violence during admission, current self-harm episodes (<1 year) and history of self-harm 

episodes. Unless otherwise specified, statistical significance was based on a minimum p 

value of 0.05. 
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Ethical considerations  

Information governance  

Pseudonymisation of data: No identifiable data was be used throughout this project.  The 

Forensic Network Database Manager allotted all participants a participant number at point 

of data extraction.  

Data Storage: All data collected from FNC was stored in a secure, encrypted electronic 

file that only the researcher and the researchers’ supervisor were able to access.  At the 

end of the study all study-specific databases will be disposed of in accordance with data 

protection regulations governing research material and all data will be returned to the FNC 

data controller. 

Data Transfer: Any data transferred electronically was anonymized prior to being 

transferred and was done so through NHS email or through a secured-equivalent method 

depicted by TSH.  The database containing anonymized data was held within the State 

Hospital.        
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CHAPTER 7 

Results: The Course of Neuropsychological Deficits in 

Mentally Ill Offenders and the Impacts on Risk: A 10-12 Year 

Follow-up Study 

The next two chapters will detail results from both studies in the following order: (1) the 

primary study examining longitudinal changes in cognition and impact on risk and (2) 

results of the secondary study examining the prevalence of head injury (HI) and the 

association with violence throughout the forensic network in Scotland.  Where relevant, 

exploratory analyses relevant to each hypothesis are presented subsequent to primary 

findings. 

7.1: Demographic details  

Demographic data were collected using a pre-specified set of variables.  This set of 

variables was developed subsequent to examination of case-notes for the purpose of the 

pilot study and examination of demographic data collected in recent risk- and 

neuropsychological-based research in similar cohorts.  The demographic data collected is 

outlined in table 8. 

Table 8. Demographic data collected 

Standard Demographic Data Age, personal information, marital status, 

employment history, health board, highest level of 

academic achievement 

Adverse Childhood Events  History of physical abuse, history of sexual abuse  

Psychiatric History Primary diagnosis, secondary diagnoses, year of first 

admission, year of first psychiatric contact, mean 

length of time in high secure care settings, contact 

with psychological services  

Medical history Physical co-morbidity data, episodes of self-harm, 

Patient alcohol consumption problems, use of 

drugs/substances, history of head injury, ICD-10 

diagnosis of acquired brain injury  

Forensic history Type of previous offences (i.e., violent, indecency, 

etc.), legislation for current/past detentions, number 

of previous convictions, violence within hospital  
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Medication Type and dosage of psychotropic medication, current 

drug chart  

 

Participants versus non-participants  

The total sample consisted of 109 male inpatients, of which 49 participated in the follow-

up study.  There were only two statistically significant difference between participants and 

non-participants (all p < .05), however these could only be calculated on variables that 

were collected at baseline assessment (education level, marital status, ethnicity, diagnosis, 

length of time in high secure care, length of stay prior to initial assessment). When 

comparing participants and non-participants there were no significant difference between 

those who completed versus did not complete school, highest qualification, primary 

diagnoses, length of stay prior to initial assessment, presence of traumatic brain injury, 

neurological insult, or drug misuse.  Length of time in high secure care significantly 

differed between participants and non-participants F(91.64) = 9.422, p <.001, such that 

participants had an average stay of 2247.69 days and non-participants had an average stay 

of 1206.28 days.  Furthermore, participants had a significantly higher rate of alcohol 

misuse, which is further discussed in chapter 7. 

Demographics of study sample  

Standard Demographics  

The mean age at follow-up was 49.78 (sd = 10.88) ranging from age 31-69, and all 49 

individuals’ primary language was English.  The majority of the sample was white Scottish 

(n=47) and there was one individual who was white Irish and one who was Pakistani.  

Forty individuals were single, three were married, and six were divorced.  Personal and 

historical characteristics of participants can be seen in table 9.   

Education and Occupation 

Mean age leaving school was 15.22; however, this was only recorded for 23 participants.  

A majority of the sample had no qualifications (n=40), two had other qualifications, four 

had a standard qualification and three had a Higher/A.  Fourteen individuals had known 

employment prior to admission and one was on sickness benefits.  Thirty-four were 

confirmed unemployed prior to admission and only two individuals had documented 

apprentice experience prior to admission.   
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Adverse Childhood events  

History of childhood abuse  

Abuse history was not recorded or available for two of the participants. Of the forty-seven 

individuals for whom abuse history was available, seventeen had a history of sexual abuse 

(36.2%) and seventeen had a documented history of physical abuse.   

Table 9. Personal and historical Information  

 N % 

Marital status Single 40 81.63 

Married 3 6.12 

Divorced 6 12.24 

Ethnicity White Scottish 47 95.92 

White Irish 1 2.04 

Pakistani  1 2.04 

Employment prior to admission Employed 14 28.57 

Unemployed 34 69.39 

Sickness Benefits  1 2.04 

Highest Level of Education Degree 0 0.00 

Higher/A 3 6.12 

None 40 81.63 

Other 2 4.08 

Standard 4 8.16 

History of Childhood Sexual Abuse  Yes 17 34.69 

No 30 61.22 

Unknown 2 4.08 

History of Childhood Physical Abuse Yes 17 34.69 

No 30 61.22 

Unknown  2 4.08 

History of Childhood Physical and Sexual 

Abuse 

Yes 10 20.41 

No  37 75.51 

Unknown  2 4.08 
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Psychiatric demographics 

Diagnoses 

The most common primary diagnosis was schizophrenia (n=33, 67.3%), followed by 

dissocial personality disorder (n=6, 12.2%), schizoaffective disorder (n=6, 12.2%), mixed 

personality disorder (n=1, 4.1%), depressive episode (n=1, 2%) and acquired brain injury 

(n=1, 2%).   The most frequently seen secondary diagnoses were dissocial personality 

disorder (n=18, 36.73%), alcohol dependence (n=10, 20.41%) and drug dependence (n=8, 

16.33%).  Twelve participants did not have a recorded secondary diagnosis (24.49%).  For 

full breakdown of diagnoses information, see table 10. 

Table 10. Psychiatric diagnoses  

Diagnosis Primary Secondary 

N % N %2 

Unknown 0 0 0 0 

None 0 0 12 24.49 

ABI 1  2 4.08 

Alcohol Dependence 0 0 10 20.41 

Drug Dependence  0 0 8 16.33 

Schizophrenia  33 67.35 0 0 

Schizoaffective disorder 6 12.24 0 0 

Schizophreniform 

Psychosis 
0 0 1 2.04 

Persistent Delusional 

Disorders 
0 0 1 2.04 

Depressive episode 1 2.04 2 4.08 

Recurrent depressive 

disorder 
0 0 1 2.04 

Bipolar PD 0 0 2 4.08 

Borderline PD 0 0 1 2.04 

Dissocial1 PD 6 12.24 18 36.73 

Emotionally unstable 

PD 
0 0 1 2.04 

Anxious PD 0 0 1 2.04 
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Mixed PD 1 2.04 1 2.04 

Organic PD 1 2.04 0 0 

PD unspecified 0 0 1 2.04 

Obsessive Compulsive 

Disorder 
0 0 1 2.04 

Learning Disability 0 0 3 6.12 

ADHD 0 0 2 4.08 

Conduct Disorder 0 0 3 6.12 

Dyslexia 0 0 1 2.04 

1Used interchangeably with antisocial PD; PD, personality disorder; TBI not included in this chart; it 

was possible for participants to have >1 secondary diagnosis. 2Reflects percentage of entire follow-up 

cohort 

 

Previous treatment and admissions  

The average age of first year of contact with psychiatric services was 20.16 (SD = 7.34), 

ranging from age 5 to 41.  A similar pattern was seen for age of first psychiatric admission, 

with an average age of 23.69 (SD = 6.57), ranging from age 13 to 41.    

The average total admissions to psychiatric services, which was defined as admission 

following a discharge or re-admission to a higher level of security, was 4.08 (SD = 3.45), 

ranging from one admission to 20 admissions.    

Length of time in high secure care  

The average length of stay in the state hospital was 2247.69 days, which is significantly 

higher than non-participants.  This is perhaps unsurprising given that our greatest consent 

rate was from the state hospital, and it is easier to locate participants who have been in 

high secure care settings more recently.   

Length of stay prior to initial assessment  

The average length of stay in the state hospital prior to initial assessment was 2777.65 

days, ranging from 86 to 13870 days.  Length of stay prior to admission did not 

significantly differ between participants and non-participants. 
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Medical history / Substance abuse 

Physical comorbidities  

Ten individuals had diabetes at follow-up, two had dyspepsia, one had HIV and five had 

documented problematic high blood pressure.  One individual had asthma, one had 

epilepsy, one had hepatitis B and one had hepatitis C.  Six individuals had another physical 

co-morbidity, seventeen had no documented physical co-morbidities and for four 

individual’s current physical issues were unknown.  

Episodes of self-harm  

Self-harm history was documented or self-reported for 31 individuals and unknown for 

one individual. Eleven individuals were still at risk for self-harm, one were unknown for 

current risk, and the remaining 37 were not believed to be at risk.   

History of substance misuse, alcohol misuse, & neurological injury  

Within the sample studied, 32 had a history of substance misuse (n=24) or dependence 

(n=8), 37 history of an alcohol misuse (n=27) or dependence (n=10), 16 with some 

presence of neurological injury, and only eight with a documented traumatic brain injury.  

Forensic history  

Type of offences 

Over half of the sample (55%) had committed a non-sexual violent or other violent offence.  

Fifteen had committed an offence of indecency and 28 had committed an offence of 

dishonesty.  The majority of participants had committed more than 5 offences, with three 

individuals having never been convicted of an offence, 19 having been convicted of <5, 8 

between 5-10 previous convictions, and 19 individuals had been convicted for 10+.  For a 

full breakdown of offence history, see table 11. 

Table 11. Forensic history: type of offences  

 Crime N % 

Non-sexual Violence  Total 13 26.53 

Serious assault 9 18.37 

Attempted murder 1 2.04 

Culpable homicide 1 2.04 
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Murder 1 2.04 

Robbery 8 16.33 

Indecency Total 10 20.41 

Attempted rape  1 2.04 

Rape 3 6.12 

Sexual assault 7 14.29 

Exposure 3 6.12 

Lewd and libidinous practices 2 4.08 

Dishonesty Total 23 46.94 

House breaking 13 26.53 

Theft by opening a lockfast pace 11 22.45 

Theft from a motor vehicle 4 8.16 

Theft of a motor vehicle 4 8.16 

Shop lifting 8 16.33 

Other theft 9 18.37 

Fraud 2 4.08 

Forgery 2 4.08 

Other Crimes Crime against public justice 7 14.29 

Handling an offence weapon 3 6.12 

Drugs 7 14.29 

Malicious mischief 2 4.08 

Fire raising 1 2.04 

Vandalism 3 6.12 

Common assault 13 26.53 

Breach of peace 23 46.94 

Drunkenness  2 4.08 

Other  6 12.24 

Driving Drink/drug driving 1 2.04 

RTA offence 3 6.12 

  
 

 



158 
 

Current level of security  

The sample was fairly evenly spread between community, low, medium and high secure 

care settings with the greatest proportion of individuals currently within high secure care 

settings (n=17), followed by community (n=12), low (10), and medium (10) secure 

settings.  

Legal status 

Thirty-seven patients were being detained under the Criminal Procedure (Scotland) Act 

1995, and a majority of these were on a restriction order + compulsion order, section 

59+57 (31).  One individual was detained under section 57 (a)(b) – restriction order, three 

under Section 57A – compulsion order, and two under section 52M - treatment order.   One 

individual was a sentenced prisoner under transfer for treatment direction (TTD) restricted 

patient status.   Five patients were being detained under Section 64(4) of the Mental Health 

Care and Treatment (Scotland) Act 2003 – compulsory treatment order. One individual 

was detained under the Criminal Procedure (Scotland) Act 1975 with life imprisonment.  

Five patients were detained under the Mental Health (Scotland) Act 1984 (section 18), and 

one under section 74/72, life imprisonment.   

Re-admission 

During the 10 years between 2004 and follow-up assessments, 11 individuals never left 

the state hospital, three were re-admitted to the state hospital, and three were either 

transferred to prison or re-admitted to prison.  Over half (n = 28, 57.1%) were transferred 

to lower secure settings and were never re-admitted to a higher level of security and four 

were re-admitted at some point to medium secure units from a lower level of security.    

Multi-agency public protection arrangements (MAPPA) status  

MAPPA are in place to ensure that violent and sexual offenders are successfully managed, 

thus speaking to the perceived dangerousness and management needs of offenders.  We 

were able to determine MAPPA status for all except three individuals.  The majority of 

the sample were under MAPPA (37) with only nine not having this status. 

Psychiatric medication  

There were 10 individuals on typical antipsychotic medication.  A further 17 individuals 

were taking atypical antipsychotic medication and 18 were on clozapine.  There were four 
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individuals taking typical antipsychotics in depot form, one who was on two, and 3 taking 

atypical antipsychotics in depot form.  A full breakdown of medication is presented in 

table 12.  

Table 12: Psychiatric medication  

Category Name N  %1 Dose Average 

(range) (g) 

Typical Antipsychotics 

Oral 

Chlorpromazine 3 6.12 .074 (.003-.45)  

Haloperidol 7 14.29 

Atypical Antipsychotic 

Oral 

Amisulpride 3 6.12 .227 (.014-1.20)  

Aripiprazole 1 2.04 

Hydroxyzine 1 2.04 

Olanzapine 10 20.41 

Quetiapine 2 4.08 

Clozapine 18 36.73 .451 (.25-1.00) 

Depot Antipsychotic 

Typical 

haloperidol 2 4.08 .171 (.005 - .375) 

Zuclopenthixol 

Decanoate 

2 

4.08 

Depot Antipsychotic 

Atypical 

risperidone 3 

6.12 

.037 (.01-.05) 

Antidepressants amitriptyline 1 2.04 .133 (.02-.40) 

Citalopram  4 8.16 

Fluoxetine 2 4.08 

Sertraline 3 6.12 

Benzodiazepine Clonazepam 1 2.04 .0056 (.002-.01)  

diazepam 2 4.08 

Lorazepam 4 8.16 

midazolam 1 2.04 

Anticonvulsant Mood 

Stabilizers 

Depakote 2 4.08 .981 (.10-2.25) 

Lamotrigine 3 6.12 

Semisodium Valproate 1 2.04 

Valproate 3 6.12 

Note: 1Percent calculated on entire sample (n=49)  
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7.2: Results Hypothesis 1: Do cognitive abilities change over a 10-year 

period?   

Operational definitions: Hypothesis 1 

It is hypothesized that a pre-determined group of cognitive abilities, depicted as relevant 

from literature and meta-analytic findings, will change over a 10-year period.  The 

variables hypothesized to change over time are processing speed, verbal comprehension, 

working memory, delayed verbal memory, delayed non-verbal memory, impulsivity, 

inattention, and problem solving.  Firstly, correlation analyses will be conducted between 

these variables in order to determine if there exists any overlap.  Subsequently, variables 

that are not correlated will be examined in separate ANOVAs in order to computer 

significant change over time and for variables that are correlated, MANOVAs will be 

conducted to examine change over time by entering multiple variables in order to control 

for overlaps.  

Processing speed is measured using the WAIS processing speed index, which has been 

validated across multiple populations, including forensic, and employed extensively 

throughout literature.  Processing speed index is calculated from two subtests, namely digit 

symbol coding and symbol search.  Both subtest are timed tasks that require participants 

to provide responses as quickly and efficiently as possible.  Digit symbol coding requires 

the examinee to copy as many correct symbols with the correct paired numbers as they 

can after being shown nine symbols that correlate with nine numbers.  During the symbol 

search subtest, examinees are asked to scan two groups of symbols, a target and a search 

group, and to subsequently indicate whether any of the target symbols matches any of the 

symbols in the search group.  For both subtests examinees are given a time frame of 120 

seconds to complete the task and are required to complete a set number of trial questions 

prior to the clock starting.    

Verbal comprehension is measured using the WAIS verbal comprehension index.  Verbal 

comprehension is measured through three different subtests; vocabulary, similarities and 

information.  During the vocabulary subtest the examiner presents vocabulary cards and 

reads aloud the word for a maximum of 33 words.  Examinees are awarded a score of 0, 1 

or 2 based on their responses and the test discontinues after six consecutive scores of zero.   

For the similarities sub test examinees are asked to state how two given objects or concepts 

are alike.  The information subtest is comprised of 28 factual questions for which the 
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examinee is asked to respond orally.  Questions tap into general knowledge about common 

events, objects, places and people and are culturally normed.    For all three subtests 

difficulty progresses as the test goes on whereby the further examinees get the more 

difficult it is to respond.  

Working memory is also derived from the WAIS and is calculated from three subtests, 

namely arithmetic, digit span and letter-number sequencing. For the arithmetic subtest 

examinees are presented with a series of mathematical word problems that must be solved 

mentally, without pen and paper.  There are a total of twenty items and the test discontinues 

after four consecutive incorrect answers. Digit span requires the examinee to recite a series 

of number sequences previously read by the examiner in the same order (digits forward) 

or in reverse order (digits backward).  During letter-number sequencing the examiner reads 

a combination of numbers and letters and the examinee is asked to recall numbers first, in 

ascending order, and then letters in alphabetical order.  Each item has three trials with the 

same number of items, but different combinations, of numbers and letters.  For both digit 

span and letter-number sequencing the test discontinues after an examinee fails to respond 

correctly to all three trials within the same item.    

Delayed verbal and non-verbal memory are both measured using the WMS relevant 

indexes.  The auditory delayed index measures delayed verbal memory abilities with two 

subtests – logical memory 2 and verbal paired associates 2.  Both subtests are presented 

25-30 minutes after the initial components of the subtests are presented (i.e., logical 

memory 1 and verbal paired associates 1).  For logical memory, the examinee listens to 

two different stories and is asked to re-tell them from memory.  After 25-30 minutes the 

examinee is asked to re-tell the stories from memory.  Scores are based on accuracy of 

facts recalled.  For verbal paired associates the examinee is asked to remember a list of 8 

word pairs and is told to remember them as best as possible.  Subsequently, they are read 

one of the words from each word pair and asked to supply the second.  This process is 

repeated four times. After 25-30 minutes the examinee this step is repeated, however this 

time without having heard the word pairs form the examiner.     

Impulsivity and inattention are both measured with Connors Continuous Performance Test 

– II. The CPT-II is a computerised assessment of attentional problems in which letters are 

presented on the screen and examinees are asked to respond to any letter apart from the 

letter ‘X’.  Reponses are made by pressing the space bar or clicking the mouse.  Between 
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stimuli there are 1, 2 and 4 second intervals with a display time of 250 milliseconds and 

the entire tests is comprised of six blocks with three sub-blocks that each consist of 20 

letter presentations.  Total administration time is 14 minutes.  Impulsivity is measured 

through two subtests – namely perseverations and commission errors.  Inattention is 

measured through two sub-tests as well, namely omission errors and hit reaction time ISI 

change.  For the purpose of this thesis, impulsivity is measured using perseveration and 

inattention using omission errors.  This has been decided to ensure that inattention and 

impulsivity are not measured as complete opposites, as in the case of omission and 

commission errors. Furthermore, the CPT manual depicts perseveration as a valid, reliable 

measure of impulsivity.  

Problem solving is measured using one test from the Cambridge Neuropsychological Test 

Automated Battery (CANTAB), namely Stockings of Cambridge (SOC), in which the 

examinee is shown two displays containing three coloured balls whereby the examinee is 

asked to make the bottom array match the top array.  It requires examinees to work out 

how many moves the solutions to these problems require.  For the purpose of this thesis, 

the standardized score for problems solved will be used as a measure of problem solving 

abilities.   

Descriptive data: Cognition  

The cognitive abilities of participants versus non-participants at baseline can be seen in 

table 13, and descriptive data on baseline and follow-up cognitive scores of participants is 

presented in table 14.  There was one statistically significant difference between groups
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Table 13: Baseline cognitive abilities – completers versus non-completers 

Variable Participants Non Participants  Independent t-test  

N Mean SD SE 

Mean 

N Mean SD SE 

Mean 

T  Df  p-value 

WAIS-III            

  Verbal comprehension 46 87.26 14.57 2.15 66 87.86 15.68 1.93 .21 110 .837 

  Perceptual organization 47 83.40 14.26 2.08 67 87.72 15.95 1.95 1.48 112 .141 

  Working Memory 46 82.98 15.03 2.22 64 85.34 15.66 1.96 .80 108 .429 

  Processing Speed 45 75.11 10.19 1.52 66 76.50 9.83 1.21 
.72 109 .473 

  Verbal IQ 46 84.41 13.22 1.95 67 86.03 15.39 1.88 .58 111 .563 

  Performance IQ 46 78.46 12.23 1.80 67 82.51 14.58 1.78 1.55 111 .125 

  Full Scale IQ 46 80.39 13.08 1.93 67 83.24 15.05 1.84 1.04 111 .300 

WMS-III            

  Auditory immediate 39 85.46 16.07 2.57 53 82.92 17.78 2.44 -.70 90 .483 

  Visual immediate  39 77.31 11.25 1.80 52 79.13 13.61 1.89 .68 89 .497 

  Immediate memory 39 77.49 13.70 2.19 52 76.71 16.53 2.29 -.24 89 .812 

  Auditory delayed 39 87.33 16.50 2.64 53 84.62 18.18 2.50 -.74 90 .464 

  Visual delayed 39 76.85 11.47 1.84 52 78.77 14.60 2.03 .68 89 .498 

  Auditory recognition 39 91.15 15.45 2.47 53 90.19 17.32 2.38 -.28 90 .783 
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  General Memory 39 81.33 11.38 1.82 52 80.44 16.61 2.30 -.301 88.36 .762 

CPT-IV          
   

Omission t-score (inattention) 36 77.61 49.71 8.29 42 72.45 53.01 8.18 -.44 76 .661 

Commission t-score 36 49.89 8.71 1.45 42 47.45 12.27 1.89 -1.00 76 .323 

Hit Reaction Time t-score 36 60.64 13.52 2.25 42 59.83 14.56 2.25 -.25 76 .802 

Perseverations t-score (impulsivity) 36 77.44 59.14 9.86 42 70.98 50.11 7.73 
-.52 76 .603 

Response Style Indicator t-score 36 50.67 12.03 2.01 42 58.36 18.23 2.81 2.231 71.60 .029* 

Detectability (d’) t-score 36 49.94 8.03 1.34 42 47.33 11.21 1.73 -1.16 76 .248 

FEEST             

Total 40 42.90 6.50 1.03 51 43.53 7.27 1.02 .43 89 .669 

Anger  40 6.78 1.72 .27 51 6.29 2.31 .32 -1.141 88.78 .258 

Disgust 40 6.08 2.81 .45 51 6.90 2.20 .31 1.57 89 .119 

Fear 40 4.58 2.31 .37 51 5.08 2.69 .38 .94 89 .349 

Happy 40 9.78 .48 .08 51 9.73 .60 .08 -.43 89 .672 

Sad  40 7.20 2.07 .33 51 7.27 1.98 .28 .18 89 .862 

Surprise 40 8.43 1.47 .23 51 8.04 1.88 .26 -1.07 89 .288 

CANTAB            
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RTI Reaction time SS 39 -1.12 1.64 .26 52 -1.36 2.14 .30 -.57 89 .570 

RTI Movement time SS 39 -.51 1.31 .21 52 -.33 1.62 .22 
.58 89 .565 

IDED total errors SS  41 -2.29 1.60 .25 55 -2.22 1.65 .22 .21 94 .832 

IDED stages complete SS 41 -.67 2.53 .40 55 -.78 1.99 .27 -.23 94 .815 

SOC problems solved SS 39 -1.31 1.23 .20 51 -2.09 7.09 .99 -.68 88 .500 

RVP ability SS 30 -1.86 1.20 .22 46 -1.74 2.31 .34 
.25 74 .802 

Note: N, sample size; Min-Max, minimum – maximum; SD, standard deviation; SE, standard error; SS, scaled score; RTI, reaction time index; IDED, 

intra extra dimensional shift; SOC, stockings of Cambridge; RVP, rapid visual information processing. 1 Calculated based on equal variances not assumed. 
2 N will vary depending on amount of assessments completed, as not all participants completed the full assessment battery 
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Table 14: Follow-up cognitive abilities: participants 

Variable  

N Mean SD SE Mean 

WAIS-III  

41 

 

86.00 

 

12.39 

 

1.93   Verbal comprehension 

  Perceptual organization 40 84.00 14.48 2.29 

  Working Memory 43 76.40 13.89 2.12 

  Processing Speed 40 79.73 12.12 1.92 

  Verbal IQ 43 83.14 12.85 1.96 

  Performance IQ 41 80.90 14.78 2.31 

  Full Scale IQ 41 80.61 14.11 2.20 

WMS-III  

30 

 

78.10 

 

15.91 

 

2.90   Auditory immediate 

  Visual immediate  30 78.53 14.48 2.64 

  Immediate memory 31 74.00 15.55 2.79 

  Auditory delayed 30 82.33 15.48 2.83 

  Visual delayed 30 79.30 14.90 2.72 

  Auditory recognition 30 81.50 17.03 3.11 

  General Memory 31 77.61 15.51 2.79 

CPT-IV   

31 

 

95.36 

 

66.19 

 

11.89 Omission t-score (inattention) 

Commission t-score 31 52.10 10.06 1.81 

Hit Reaction Time t-score 36 60.64 13.52 2.25 

Perseverations t-score (impulsivity) 31 120.79 99.15 17.81 

Response Style Indicator t-score 31 54.84 17.24 3.10 

Detectability (d’) t-score 31 49.72 9.31 1.67 

FEEST   

32 

 

41.81 

 

6.93 

 

1.23 Total 

Anger  32 6.53 2.11 .37 

Disgust 32 5.75 2.11 .37 

Fear 32 4.06 2.50 .44 

Happy 32 9.75 .51 .09 

Sad  32 6.94 1.97 .35 



167 
 

Surprise 32 8.63 1.54 .27 

CANTAB  

31 

 

-1.13 

 

1.97 

 

.35 RTI Reaction time SS 

RTI Movement time SS 31 -.18 1.33 .24 

IDED total errors SS  33 -1.71 2.94 .51 

IDED stages complete SS 33 -1.71 3.31 .58 

SOC problems solved SS 30 -.75 1.10 .20 

RVP ability SS 31 -1.87 1.40 .25 

 

Cognitive Change Scores  

Reliable change (RC) criterion for each cognitive score were calculated using methods 

proposed by Evans, Margison & Barkham (1998). Number of individuals who improved 

and declined over time on each measure are presented in table 15.   

Table 15: Reliable change scores  

 
Reliable 

Change 

(RC)  

N who Declined 

based on RC 

N who Improved 

based on RC 

WAIS-III 
   

  Verbal comprehension 9.03 3 3 

  Perceptual organization 8.84 4 5 

  Working Memory 9.32 16 2 

  Processing Speed 6.32 4 14 

  Verbal IQ 8.19 3 2 

  Performance IQ 7.58 2 9 

  Full Scale IQ 8.11 2 5 

WMS-III   
  

  Auditory immediate 9.96 14 0 

  Visual immediate  6.97 7 9 

  Immediate memory 8.49 11 4 

  Auditory delayed 10.23 14 2 

  Visual delayed 7.11 9 10 

  Auditory recognition 9.58 14 4 

  General Memory 7.05 11 5 

CPT-IV    
  

Omission t-score (inattention) 30.81 7 1 

Commission t-score 5.06 11 6 

Hit Reaction Time t-score 8.38 14 3 

Perseverations t-score 

(impulsivity) 

36.66 16 3 

Response Style Indicator t-

score 

7.46 12 6 

Detectability (d’) t-score 4.98 7 8 

FEEST    
  

Total 4.03 8 3 
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Anger  1.07 6 4 

Disgust 1.74 10 5 

Fear 1.43 8 6 

Happy 0.3 5 2 

Sad  1.28 9 2 

Surprise 0.91 10 16 

CANTAB   
  

RTI Reaction time SS 1.02 9 8 

RTI Movement time SS 0.81 5 8 

IDED total errors SS  0.99 14 5 

IDED stages complete SS 1.57 12 5 

SOC problems solved SS 0.76 3 12 

RVP ability SS 0.74 4 5 

 

Intercorrelation of cognitive assessments – baseline  

Prior to conducting multilevel analyses of variance intercorrelation analyses were 

conducted between cognitive variables in order to determine if there was overlap between 

cognitive abilities measured and prevent inflation of positive results.  Theoretically, 

inclusion of cognitive assessment scores that may require cognitive abilities out with the 

desired outcome variable introduce an overlap in significant results and misinterpretation 

of findings.   

Conceptually, we believed that indices within the same assessment battery may be 

associated.  We also believed that working memory and verbal comprehension would be 

significantly associated with both visual and delayed memory indices. We also believed 

working memory under pins problem solving, in that it enables for problem solving to 

occur in ones’ head without the need for pen-and-paper. Processing speed was believed to 

be associated with all measures on the CPT given the timed presentation of cues for both 

tests.   

We predicted that both inattention and impulsivity would have an impact on problem 

solving outcomes.   We predicted all correlations with impulsivity and inattention would 

be negative, as in the CPT lower scores represent less impulsive and inattentive results.  
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Table 16. Bivariate correlations of baseline assessments  

 1 2 3 4 5 6 7 8 

1. VC -        

2. WM .681** -       

3. PSp .594** .646** -      

4. VD .237 .216 .456* -     

5. AD .317 .559** .210 .068 
-    

6. Omission -.328 -.328 -.448* -.182 -.260 -   

7. IMCo .013 -.243 .149 .031 -.319 
.035 

-  

8. IMPer -.328 -.450* -.499** -.274 -.356 .680** .363 - 

9. SOCPS .111 .408* .255 .155 .319 -.424* .006 -.440* 

Note: thick boarder boxes represent correlations that are within the same assessment measure. VC = 

verbal comprehension; WM = working memory; PSp = processing speed; VD = verbal delayed memory; 

AD = auditory delayed memory; IMCo = commission, impulsivity; IMPer = perseverations, impulsivity; 

SOCPS = SOC problem solving   

 

Not surprisingly, there was a high degree of correlation across variables of interest.  All 

three WAIS subscales highly correlated.  Working memory was significantly correlated 

with auditory delayed memory and problem solving as predicted, but not with visual 

delayed memory.  Processing speed correlated with omission t-score and perseveration, as 

predicted, but not with commission t-score. 

The only CPT scores that correlated were perseverations and omission.  Both omission 

and perseveration also correlated with problem solving.  Commission did not correlate 

with any of the predicted variables.  

Correlation of cognitive assessments – follow-up   

Table 17. Bivariate correlations of follow-up assessments  

 1 2 3 4 5 6 7 8 

1. VC -        

2. WM .708** -       

3. PSp .492** .587** 
-      

4. VD .190 .158 .461* -     
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5. AD .419* .424* .612** .578** 
-    

6. Omission -.478* -.438* -.524** -.486* -.340 -   

7. IMCo -.385* -.467* -.373 -.192 -.227 .082 - 
 

8. IMPer -.004 -.138 -.405* -.255 -.287 
 

-.011 

 

.391* - 

9. SOCPS .282 .489** .572** .275 .384 -.467* -.322 -.303 

Note: thick boarder boxes represent correlations that are within the same assessment measure. VC = 

verbal comprehension; WM = working memory; PSp = processing speed; VD = verbal delayed 

memory; AD = auditory delayed memory; IMCo = commission, impulsivity; IMPer = perseverations, 

impulsivity; SOCPS = SOC problem solving   
 

 

Similar to baseline scores, there was a high degree of correlation across variables of 

interest.  All three WAIS subscales highly correlated.  Working memory was significantly 

correlated with auditory delayed memory and problem solving as predicted, but not with 

visual delayed memory.  Processing speed correlated with omission t-score and 

perseveration, as predicted, but not with commission t-score.  The only CPT scores that 

correlated were perseverations and omission.  Only omission from the CPT correlated with 

problem solving.  

Distribution of data  

As SPSS is unable to test multivariate normality, individual DV’s were examined 

separately for univariate normality and outliers using probability-probability plots (P-

Plots), histograms and frequency distributions. Furthermore, the Kolmogorov-Smirnov 

(K-S) test of normality was employed for all dependant variables in order to test univariate 

normality statistically.   

Non-normal distributions were not transformed, and there were no outliers removed from 

the data.   Discussion of distribution of the data is as follows:  

Processing speed scores at baseline, D(37) = .147, p = .043 and follow-up, D(37), .149, p 

= .038, were both significantly non-normal according to the K-S test.  However, the 

Shapiro-Wilk (SW) test found that processing speed scores at follow-up, D(37) = .936, p 

= .035, but not baseline, D(37) = .955, p = .143 were significantly non-normal, suggesting 

baseline scores were indeed normally distributed.  Normal Quartile-Quartile (Q-Q) Plot 

and boxplot of baseline scores suggested normality of baseline scores.  However, there 

appeared to be three outliers in the Q-Q and boxplot of follow-up scores.   
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 Bootstrap outliers: follow-up (3 extremes > 106)  

 Normally distributed after removal of outliers (now n = 34)  

Verbal comprehension scores at baseline, D(38) = .093, p = .2 and follow-up, D(38) = .109, 

p = .2, were both found to be normally distributed according to the K-S test.  The same 

was found for the SW test (baseline: D(38) = .977, p = .594; follow-up: D(38) = .969, p 

= .368).  Both the boxplots and Q-Q plots suggested normal distribution and no outliers. 

 Bootstrap outliers: none 

Working memory scores at baseline were found to be normally distributed through both 

the K-S, D(40) = .104, p = .2, and SW, D(40) = .963, p = .211 tests and plots suggested no 

outliers.  However, the follow-up working memory scores were found to be significantly 

non-normal according to both the K-S, D(40) = .183, p = .002, and SW, D(40) = .925, p 

= .011, tests.  The follow-up Q-Q plot suggested two possible outliers whereas the boxplot 

only suggested one.  

 Bootstrap outliers: follow-up only extreme outlier (1 = >115)  

 Round 2 bootstrap: follow-up extreme (1 =  > 113)  

 Not normally distributed after removal of outliers 

Auditory delayed index scores at baseline, D(30) = .141, p = .133 and follow-up, D(30) 

= .138, p = .149, were both found to be normally distributed according to the K-S test.  

The same was found for the SW test (baseline: D(30) = .944, p = .119; follow-up: D(30) 

= .957, p = .252).  Both the boxplots and Q-Q plots suggested normal distribution and no 

outliers. 

 Bootstrap outliers: none 

Visual delayed index scores at baseline, D(30) = .118, p = .2 and follow-up, D(30) = .154, 

p = .069, were both found to be normally distributed according to the K-S test.  The same 

was found for the SW test (baseline: D(30) = .973, p = .624; follow-up: D(30) = .963, p 

= .364).  Both the boxplots and Q-Q plots suggested normal distribution and no outliers. 

 Bootstrap outliers: none   

Anger scores at baseline, D(31) = .183, p = .009 but not follow-up, D(31), .149, p = .077, 

were significantly non-normal according to the K-S test.  However, the SW test found that 
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scores at baseline, D(31) = .918, p = .021, and follow-up, D(31) = .916, p = .018 were both 

significantly non-normal.  Normal Q-Q Plot appeared to have a normal distribution and 

boxplot found there to be one outlier for baseline scores.  For follow-up scores, normal Q-

Q plot suggested one possible outlier and relatively normal distribution whereas the 

boxplot had no outliers and a non-normal distribution. 

 Bootstrap outliers: baseline (1 extreme, <2) 

 Not normally distributed after removal of outliers 

Disgust scores at baseline, D(31) = .211, p = .001 and follow-up, D(31) = .211, p = .001, 

were significantly non-normal according to the K-S test.  However, the SW test found that 

scores at baseline, D(31) = .914, p = .016, but not follow-up, D(31) = .937, p = .070 were 

significantly non-normal.  Normal Q-Q Plot appeared to have a normal distribution and 

boxplot did not for baseline scores, and for follow-up scores there was one possible outlier 

in the Q-Q plot and a non-normal appearance to the boxplot.  

 Bootstrap outliers: None  

Fear scores at baseline, D(31) = .119, p = .2 and follow-up, D(31) = .105, p = .2, were 

both found to be normally distributed according to the K-S test.  The same was found for 

the SW test (baseline: D(31) = .968, p = .456; follow-up: D(31) = .959, p = .280).  Both 

the boxplots and Q-Q plots suggested normal distribution and no outliers as well. 

 Bootstrap outliers: None  

Commission (Impulsivity) t-scores at baseline, D(29) = .145, p = .122 and follow-up, D(29) 

= .101, p = .2, were both found to be normally distributed according to the K-S test.  The 

same was found for the SW test (baseline: D(29) = .952, p = .206; follow-up: D(29) = .952, 

p = .211).  Both the boxplots and Q-Q plots suggested normal distribution and no outliers. 

 Bootstrap outliers: none 

Perseverations (Impulsivity) t-scores at baseline, D(29) = .256, p = <.001 and follow-up, 

D(29) = .388, p = <.001, were both found to be non-normally distributed according to the 

K-S test.  The same was found for the SW test (baseline: D(29) = .712, p = <.001; follow-

up: D(29) = .340, p = <.001).  Both the boxplots and Q-Q plots suggested non-normal 

distributions with numerous outliers for both baseline and follow-up scores.  
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 Bootstrap outliers: baseline (3 extremes, > 152), follow-up (4 extremes, > 316)  

 Not normally distributed after removal of outliers 

Omission (Inattention) t-scores at baseline, D(29) = .299, p = <.001 and follow-up, D(29) 

= .257, p = <.001, were both found to be non-normally distributed according to the K-S 

test.  The same was found for the SW test (baseline: D(29) = .588, p = <.001; follow-up: 

D(29) = .779, p = <.001).  Both the boxplots and Q-Q plots suggested non-normal 

distributions with numerous outliers for both baseline and follow-up scores. 

 Bootstrap outliers: baseline (3 extremes, > 122) follow-up (2 extremes, >245)  

 Round 2: 3 more outlier > 178 follow-up removed 

 Not normally distributed after removal of outliers 

Stockings of Cambridge (SOC) Problems solved minimum moves scaled scores at baseline, 

D(30) = .189, p = .008, but not follow-up, D(30) = .107, p = .2, was found to be non-

normally distributed according to the K-S test.  The SW test suggested normal distribution 

for both baseline and follow-up scores (baseline: D(30) = .941, p = .096; follow-up: D(30) 

= .978, p = .772).  Both the boxplots and Q-Q plots suggested normal distributions at both 

time points with only follow-up scores having outliers as seen in the boxplot.  

 Bootstrap outliers: follow-up (2 extremes, > 1.4; 1 extreme, < -2.8)  

 Not normally distributed after removal of outliers 

 

Multiple Analysis of Variance (MANOVA) 

A MANOVA enables us to enter multiple, related dependant variables (DV’s) and 

independent variables (IV’s) into the model and account for the interactions that may exist 

between them.  As many of our variables were highly correlated, we first entered all 

cognitive variables into one MANOVA.  If the cog*time MANOVA was found to be 

significant, follow-up ANOVAs were to be conducted, and finally paired samples t-tests. 

Factor scores were computed for variables that were significantly correlated at multiple 

time points that were from the same assessment, i.e. WAIS indices, and two separate 

MANOVAs were run – one with the factor score and one without.  CPT scores were 
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transformed so that higher scores reflected better scores to be in line with the other data 

and prevent false interactions (50 – omiss_tscore) + 50)) prior to running the MANOVA.   

Two separate within-group repeated measures MANOVAs were conducted to examine 

change over time with the eight-neurocognitive variables as dependant variables in the 

first, and six neurocognitive variables entered in the second (with the combined WAIS 

factor).  Subsequently, eight separate one-way repeated measures ANOVAs were 

conducted for each neurocognitive variable and the WAIS factor.  

Table 18. MANOVA: Change in cognition over time 

MANOVA F Df P η2 

Cognition 28.065 7 (2.139) .000 .584 

Time 9.034 1 .007 .311 

Cognition x Time 5.979 7 (1.505) .000 (.011) .230 
1Of participating individuals, 21 completed the full battery of these assessments. Significance was based 

on a p-level of <.05 

 
The assumption of sphericity had been violated for the main effect of cognition, X2(27) = 

180.29, p <.001, and the interaction between cognition and time, X2(27) = 240.88, p <.001, 

as indicated by Mauchly’s test of sphericity.  As such, degress of freedom were corrected 

using Greenhouse-Geisser estimates of sphericity (W = .000 for both cognition and 

cognition x time interaction).  

The MANOVA revealed a significant interaction between cognition and time, F (1.51, 

30.1) = 5.98, p = .011.  This effect indicates that the effect of time differentiates between 

cognitive variables such that cognitive abilities have differing trends over the follow-up 

period.  Contrasts revealed that there was a significant main effect of time F(1, 20) = 9.03, 

p = .007, and cognition F(2.14, 42.78) = 28.07, p<.001.  The interaction plot reveals that 

while working memory, auditory delayed memory, omission and perseveration scores 

decreased over time, problem solving increased, and verbal comprehension, processing 

speed and verbal delayed memory remained fairly consistent.  

A series of one-way repeated measures ANOVA’s with bonferroni correction for multiple 

comparisons were conducted on variables subsequent to the MANOVA to check the 

effects of cognitive variables separately.  Similar to what was seen in the interaction plot, 

verbal comprehension did not significantly change over time F(1,37) = .935, p = .34; 

working memory significantly decreased F(1,39) = 15.78, p<.001 (partial eta squared 

= .288); processing speed significantly increased F(1,36) = 8.28, p = .007 (partial eta 
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squared = .187); Auditory delayed significantly decreased, F(1,29) = 10.62, p = .003 

(partial eta squared = .268); Visual delayed remained the same, F(1,29) = .571, p = .456; 

inattention scores worsened significantly, F(1,28) = 8.502, p = .007 (partial eta squared 

= .233); impulsivity scores got significantly worse, F(1,28)= 9.493, p = .005 (partial eta 

squared = .253); and problem solving scores improved significantly, F(1,29) = 8.932, p 

= .006 (partial eta squared = .235).  For estimated marginal means of cognitive abilities 

from baseline to follow-up see figure 12.  

Our initial analysis supports our hypothesis that cognition changes over time.  Specifically, 

working memory, auditory delayed memory, attention and impulsivity all significantly 

worsen over time with effect sizes all in the large range (.233-.288).  Conversely, measures 

of processing speed and problem solving significantly increased (ES .187, .235 

respectively) and verbal comprehension and visual delayed memory remained the same.   

Figure 12. Estimated marginal means of cognitive abilities from baseline to follow-

up 

 
Note: Inattention and Impulsivity scores have been reversed such that lower scores equal poorer 

abilities over time  
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7.3: Results Hypothesis 2: Does presence of neurological injury, 

history of alcohol and/or substance misuse increase risk for cognitive 

decline?    

Operational definitions: Hypothesis 2  

Neurological injury was defined as anyone with a history of drug overdose, epilepsy, 

traumatic brain injury, anoxia and other birth complications resulting in neurological 

injury.  Presence of meningitis, hepatitis and diabetes were not coded as significant 

neurological injury.   

Alcohol misuse and substance misuse were both coded according to historical information 

collected within the first round of the NPSS and re-confirmed through case-note review at 

follow-up.  Misuse included harmful use, dependence and secondary diagnosis in both 

cases.  

Typical and atypical antipsychotic medication was coded as a three-level variable, such 

that those not taking medication were marked (0), those on one type of psychotropic 

medication were marked (1), and those on polypharmacy regimes that consisted of two or 

more typical or atypical antipsychotics were coded as (2).   

Descriptive data: Risk factors for decline  

Baseline risk factors – completers versus non-completers 

Risk factors of participants versus non-participants can be seen in table 19.  There were 

only two statistically significant difference between groups, namely birth complications 

and alcohol misuse/dependence (p < .05), whereby participants had significantly less birth 

injuries and significantly more alcohol misuse/dependence histories than non-participants 

did.   

Table 19. Baseline risk factors – comparison between completers and non-

completers   

 Yes No Sig1 

Risk Factors Completers Non-

completers 

Completers Non-

completers 

Chi-Sq 

p 

Alcohol Misuse/ 

Dependance 

37 28 12 31 .003* 

Substance 

Misuse/ 

Dependance 

32 35 17 24 .556 
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Neuro Injury  16 29 27 26 .092 

     TBI 8 7 35 48 .573 

     Epilepsy 4 2 43 58 .401 

     Drug OD 12 17 35 43 .828 

     Birth Comp. 0 6 47 54 .034* 

     Anoxia  3 1 44 59 .318 

     Other  1 2 46 58 1 

Schizo/Psy 36 41 13 18 .675 

Note: 1Two-sided exact significance Fishers exact test 

 

Number of risk factors – completers versus non-completers 

A variable was also made ranking number of risk factors (1-4; neurological injury and TBI 

were combined) for each participant.  See table 20. 

Table 20. Number of risk factors – completers versus non-completers  

 Completers Non-Completers Sig1 

N Risk 

Factors 

0 1 2 3 4 0 1 2 3 4  

N 

participants 

1 9 14 17 8 4 14 15 15 11 .624 

Note: 1Pearsons Chi-Square (2-sided)  

 

MANOVA 

A second round of MANOVAs were conducted with risk factors entered as between 

subjects’ factors for the four cognitive variables that evidenced decline.  Alcohol and 

substance misuse were entered in the first MANOVA, followed by Neurological insult 

and TBI in the second and Schizophrenia in the third.  Contrary to our hypothesis, there 

were no significant difference found, suggesting that the risk factors for cognitive decline 

that we had suggested did not predict decline.  Therefore, no follow-up ANOVAs were 

conducted.  See figure 13 for graphical representation of change scores based on risk 

factors.  

Exploratory analysis: psychotropic medication 

As an exploratory analysis, we also looked at medication type (typical versus atypical) and 

polypharmacy as a risk factor. We did not find that either of these variables had significant 

impact on cognitive decline.  We did not find that medication had any impact on 

improvement over time. 
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Figure 13. Change over time based on risk factors    
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7.4: Results Hypothesis 3: Does baseline cognitive deficit and/or 

cognitive change predict violence and risk-related outcomes?  

It is hypothesized that baseline cognitive abilities, as depicted as contributors to risk of 

violence through systematic literature reviews, will predict patient risk-related outcomes 

at follow-up. 

Operational definitions: Hypothesis 3  

Baseline cognitive variables of interest are as follows:  

 Impulsivity (as defined by perseverations & omission errors) 

 Social cognition (FEEST negative emotions combined)  

 Working memory (WAIS) 

 Delayed memory (Auditory)  

Impulsivity, working memory and delayed memory have been operationally defined for 

the purpose of hypothesis 1.  The definitions and measures used in hypothesis one will be 

mirrored for the purpose of this hypothesis.   

Facial affect recognition is measured using the FEEST.  Faces are presented in black and 

white to participants one at a time for five seconds each followed by a blank screen.  

Examinee’s are asked to depict which of the emotions that are written at the bottom of the 

screen best describe the facial expression shown (anger, disgust, fear, happiness, sadness 

and surprise).  The test is not timed and six practice tests are completed before the 60 test 

trials commence.  The order of facial expressions is randomised within each block.   It is 

predicted that only negative emotion recognition will have shown decline over time, 

namely anger, disgust and fear.  These are the emotions that the majority of psychiatric 

patients struggle with in general and the emotions that have the most clinical relevance in 

a clinical setting.  

Furthermore, for the purpose of this hypothesis negative emotions from the FEEST (anger, 

disgust and fear) will be combined to great one composite score.  Therefore, scores will 

range from 0-30 for this measure, with higher scores depicting greater ability to recognize 

negative emotions.    

 



180 
 

Risk-related variables: continuous  

 Number of days spent in high secure care since baseline assessment  

 Historical-Clinical-Risk Management-20 (HCR-20), Version 2 Scores (H, C, R, 

total) at follow-up   

The number of days spent in high secure hospital will be calculated by subtracting date of 

discharge from date of first assessment (2004-2005) transformed into days.  For those that 

still remain within the State Hospital, date of first assessment will be subtracted from date 

of second assessment or consent.  

The HCR-20 is a 20-item structured professional judgement risk-assessment used to assess 

future risk of violence in criminal and psychiatric populations (Webster et al., 1997).  

Items are divided into three sections – historical, clinical, and risk management items – 

and are rated according to levels of certainty (Absent, possibly present, definitely present).  

Total scores range from 0-60 points, with higher points depicting greater risk of future 

violence. Patients most recent HCR-20 (V2) scores will be drawn from case-note review 

and from the FNC database.  Currently, the HCR-20 (V3) is being implemented across 

forensic settings, however as we were unable to collect HCR-20 V3 for all patients and as 

we wanted to maintain consistency from first to last assessment, HCR-20 (V2) was utilised.  

All HCR-20’s were completed by patient multidisciplinary teams or care teams, whom 

had been trained in administrating the tool, for clinical, as opposed to research, purposes.  

Risk-related variables: categorical 

 Level of security at follow-up 

 Violence during admission   

Level of security at follow-up was coded into four categories, namely: high, medium, low 

and community.  These scores were based upon the level of security of hospitals in which 

the individual resided at the time of follow-up assessment.  

Violence during admission is collected from the forensic network census database and, as 

such, no dates are provided as to when violence occurred.  Although case-notes were 

searched for dates of inpatient violence, there was a lack of consistency in recording 

incidents of violence and accompanying dates and therefore using FNC data, where 

possible, has been decided upon to ensure consistency.  Violence is coded dichotomously 
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in this circumstance, however individuals towards whom the violence was directed at will 

also be examined (staff, other patients, self). 

Extraneous variables  

 Age  

 Diagnostic information  

All extraneous or confounding variables were collected through case-note review and 

through the forensic network census database.  Level of education was confirmed using 

FNC but initially collected through CNR completed in 2004-5.  If individuals had 

completed further education since initial assessment, the highest level of education was 

used.   

Descriptive data: Risk of violence and aggression  

Descriptive – participants   

Prevalence of risk-related outcomes for individuals who consented to participate can be 

seen in tables 20 and 21. 

Table 21. HCR-20 data participants at follow-up   

HCR-20 Scores N Mean SD SE Mean Range 

  H subscale 32 15.74 2.53 .45 10.11 - 19 

  C subscale 32 4.72 2.69 .48 0-10  

  R subscale  32 5.31 2.36 .42 0-10 

  Total  31 25.70 5.63 1.01 16-37.11  

Number of days high secure care  49 2247.69  1301.22 187.81 102 - 4383 

 

Table 22. Level of security at follow-up  

                                                           
7 Two patients were outpatients and one in prison without FNC data and history of violence during 

admission unable to be determined from notes; Three patients had extractable FNC data but clinicians 

had rated this item as unknown and history of violence during admission was unable to be determined 

from notes 

  N % 

Level of security at follow-up Community 12 24.5 

Low 10 20.4 

Medium 10 20.4 

High 17 34.7 

Violence during admission Yes  23 47.0 

No  20 40.8 

Unknown7 6 12.2 
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Hierarchical multiple regression - linear: Prediction of HCR-20 scores using 

baseline cognition 

Hierarchical multiple regression analysis using cognitive variables at baseline and 

demographic variables (age, presence of schizophrenia/psychosis) as independent 

variables was generate for each risk-related outcome variable at 10 years.  Results of these 

analyses enable us to depict cognitive variables that contribute to the change in risk 

estimate beyond age and presence of schizophrenia/psychosis.  Cognitive variables were 

entered into the regression hierarchically based upon prediction as to which variables 

would be most likely to contribute to risk.  Based on Cohens (1988) benchmark of effect 

sizes and sample sizes, it was depicted that with a sample size of n=46 a maximum of 6 

variables could be added into the model as predictors.   

Based on previous literature and our literature review, we depicted impulsivity as being 

the most likely to contribute to HCR-20 scores, as it is already a known risk factor that is 

included in this measure.  Recognition of negative emotions was included in the second 

step, based on literature review findings.  Although not much literature has examined the 

association between delayed memory or working memory and risk, we found in our 

previous analysis that it was more likely to decline over time and therefore important to 

see if it contributes to risk.  Working memory was added in as a fourth step, and delayed 

memory as the last.  For the purpose of the first hierarchical regression, each step will be 

described in detail to explain the process of analysis and meaning of each relevant value.  

Variables were excluded list wise in order to account for individual differences. 

Subsequent regressions will only report the values.  

Using both histogram and dot graphs we examined assumptions of homoscedasticity and 

linearity and found that our data did not violate either of these assumptions.   To ensure 

independence of errors, the Durbin-Watson statistic was used with a general rule of below 

1 and above 3 suggesting cause for concern. The Durbin-Watson statistic was 2.340, 

suggesting that the assumption of independence has been met (closer to 2 the better) 

(Durbin & Watson, 1951).  All of our variance inflation factor (VIF) statistics were below 

10, however working memory was below .2 (tolerance = .191).  As this was not added into 

our final model, implications are minimal.  Our standardized residual value was -.1516, 

1.656, which did not raise any cause for concern. 
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Our analysis produced a total of five models, each with having an additional cognitive 

variable than the previous.  For HCR-20 total score the overall regression model accounted 

for 45.1% of the variance, p = .032.  The hierarchical multiple regression revealed that in 

model one, a diagnosis of schizophrenia and age at baseline assessment did not 

significantly predict HCR-20, F(2,16) = 1.163, p = .338.  In the second step the model was 

significant, F(3,15)= 7.704, p = .002, and the addition of impulsivity significantly 

increased the amount of explained variance in the model to 52.8%, F change(1,15) = 

18.276, p = .001.  At the third step, the model remained significant, F(4,14) = 5.739, p 

= .006, but social cognition did not significantly increase the amount of predicted variance, 

F change (1,14) = .545, p = .472.  The addition of working memory as a predictor in step 

four did not significantly increase the amount of explained variance, F change(1,13) = .428, 

p = .525, however the overall model remained significant, F(5,13) = 4.489, p = .013.  At 

the final step, the model was significant, F(6,12) = 3.464, p =.032, and predicted 45.1% of 

the variance, however the addition of auditory delayed memory as a predictor did not 

significantly add to the amount of variance predicted, F-change (1,12) = .024, p = .879.  

The only statistically significant change between models seen was between model 1 and 

2, when impulsivity was added as a predictor variable. In the final step, none of the 

predictor variables were independently significant, suggesting that the effects of 

impulsivity as a predictor became washed out once other, related factors were taken into 

account.   

We saw shrinkage from R2 to R2 adjusted across all models, which relates to 

generalizability, whereby the difference suggests that if the model were derived from 

population rather than a sample it would account for less variance in outcome.  Model one, 

four and five have particularly large amounts of shrinkage. 

F-ratios for each model were above 1, suggesting that the improvement due to fitting the 

regression model is much greater than the inaccuracy within the model.  As models 2, 3, 

4 and five are all significant we can conclude that these models significantly improved our 

predictability of outcome variable compared to not fitting a model.  

In our second model diagnosis and perseveration significantly contribute to the model 

when using the t-score significance (p = .015, .001) but not age (p = .078).  We see from 

these statistics that, although models 3, 4 and 5 were also significant overall, only 

perseveration and diagnoses are significant predictors in all models.  We can see that for 
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perseveration t-score, as perseveration scores increase one unit (indicting more impulsivity) 

HCR scores increase by .155 units.  Our bootstrapped coefficient table decreases t-values 

such that perseveration scores are only significant at the .01 level (.074) in model two, and 

none of the values reach significance at the .05 level in model three. Table 23 summarizes 

the B, SE B, beta values and p-values of all five models.  Further, through examination of 

standardized values of B in model 2, we can infer that every time perseveration increases 

one SD, HCR increases .756 of an SD. 

In conclusion, the final model accounted for a significant amount of variance in HCR-20 

score, however model 2 provided the most significant prediction of HCR-20 scores (F = 

7.704, df = 3,15, p = .002; adjusted R2
adjusted = .528).  Presence of schizophrenia (Beta = 

-.490, p = .015) and perseverations (Beta = .756, p = .001) emerged as statistically 

significant predictors.  However, after bootstrapping p-values changed to p = .043, .041 

and .074) respectively.  As expected, these results suggested that presence of 

schizophrenia and more difficulty with perseverations all contributed to a higher HCR 

score. 

Figure 14. HCR-20 scores at follow-up based on baseline impulsivity scores   

 
Note: RcentHCRAdjust = most recent HCR-20 within the past 3 years; Persev_tscore = perseveration 

(impulsivity) t-scores at baseline 
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Table 23. Linear multiple regression of predictors of HCR scores, with 95% bias 

corrected and accelerated confidence intervals reported in parentheses.   

 b 95% CI for b SE B Beta p p b  Total  

R2 
adj 

Chan

ge R2 

Step 1   Upper  Lower        

Constant 34.127  18.435b 44.365b 6.586b  .000 .001b .018 .127 

Age 

Baseline 
-.149  -.410b .191b .154b -.226 .363 .314b 

Presence 

Schizo 
-3.742  

-

13.060b,c 
4.964b 4.555b -.225 .365 .414b 

Step 2          

Constant 30.412  21.851b 36.266b 4.510b  .000 .001b .528 .480* 

Age 

Baseline  
-.210  -.406b .138b .124b -.319 .078 .109b 

Presence 

Schizo 
-8.16  

-

13.076b,c 
-2.956b 2.549b -.490 .015 .004b 

Impulsivity  .155  .091b .212b .038b .756 .001 .001b 

Step 3          

Constant 25.706  11.729b 34.139b 8.029b  .005 .007b .513 .015 

Age 

Baseline  
-.243  -.492b .080b .144b -.370 .065 .090b 

Presence 

Schizo 
-7.421 

-

13.494b,c 
.295b 3.493b -.446 .035 .020b 

Impulsivity  .176 .082b .262b .048b .856 .002 .005b 

Negative 

Emotions 
.224 -.715b 1.210b .295b .172 .472 .297b 

Step 4          

Constant 31.732 -3.247b 55.912b 16.063b  .022 .033b .492 .012 

Age 

Baseline  
-.204 -.521b .265b .223b -.310 .163 .310b 

Presence 

Schizo 
-7.184 

-

14.081b,c 
.673b 3.571b -.431 .047 .029b 

Impulsivity  .145 -.015b .300b .091b .706 .049 .099b 

Negative 

Emotions  
.218 -.811b 1.397b .347b .167 .495 .332b 

Working -.065 -.364b .210b .146b -.181 .525 .610b 
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Memory 

Step 5          

Constant 31.784 1.997b 56.443b 17.645b  .027 .075b .451 .000 

Age 

Baseline  
-.192 -.522b .268b .270b -.292 .256 .391b 

Presence 

Schizo 
-7.280 

-

15.461b,c 
.987b 4.259b -.437 .057 .098b 

Impulsivity  .141 -.270b .614b .104b .688 .077 .135b 

Negative 

Emotions  
.202 -1.558b 2.789b .423b .155 .563 .429b 

Working 

Memory 
-.081 -.677b .522b .217b -.224 .586 .648b 

Auditory 

Delayed 

Mem 

.016 -.335b .264b .171b .045 .879 .916b 

* p < .05 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

b. Based on 957 samples 

c. Some results could not be computed from jackknife samples, so this confidence interval is computed 

by the percentile method rather than the BCa method. 

Total R2
adj = Total R2

adjusted  

 

 

Exploratory regressions: Prediction of HCR-20 scores using baseline cognition  

The excluded variables table suggested that perseveration and working memory would 

have significantly added to prediction of outcome had they been entered in step one.   

Although this was not what the predicted model was, exploratory analyses were conducted 

to include these variables into the overall model to test fit.  

Using the stepwise method, it was found that working memory explained a significant 

amount of the variance in HCR-20 scores at follow-up (F(1,17) = 9.3, p = .007, R2 = .354, 

R2
adjusted = .316) suggesting that perhaps working memory predicts HCR scores beyond 

impulsivity if it was entered into an earlier step (see figure 15).  
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Figure 15. HCR-20 scores at follow-up based on baseline working memory scores  

 
Note: RecentHCRAdjust = most recent HCR-20 within the past 3 years; WM_BL = working memory scores at 

baseline 
 
In a separate exploratory regression, stepwise regressions were run to examine the impact 

of the specified cognitive variables on each separate HCR-20 subscale (historical, clinical 

& risk).  No variables were found to be predictive of the history subscale.  Perseveration 

(F(1,18) = 5.89, p = .026, R2 = .246, R2
adjusted = .205) and schizophrenia and perseveration 

(F(2,17) = 6.74, p = .007, R2 = .442, R2
adjusted = .377)  produced models that were predictive 

of the clinical subscale scores.  Working memory was the only variable found to be 

predictive of risk subscale scores (F(1,18) = 11.29, p = .003, R2 = .386, R2
adjusted = .351).  

Hierarchical regression - linear: Prediction of HCR-20 scores using cognitive change 

scores 

Change scores are calculated by subtracting baselines cores from follow-up scores, thus 

reflecting the level of change from baseline to follow-up.  Change scores were entered into 

the model to examine if they acted as predictors for HCR scores at follow-up above and 

beyond age and diagnosis.  None of the models reach statistical significance, with only 

model five which included all predictors emerging as approaching significance.  Therefore, 
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we did not conclude that change scores predicted HCR at follow-up. Furthermore, we did 

not find that change scores had impact on the C or R subscales either.  

Comparison of groups: decline versus non decline. 

All scores were transformed to standard deviations below or above the mean and were 

divided into groups with significant improvement, decline or stability.  Cut-offs were 

based on previous literature with significant decline as anything decreasing .67 SD, 

improvement as over .67 SD and stability between those two cut off points.  In terms of 

the WAIS, .67 SD equates to a 10-point change.  A series of one-way ANOVAs were 

conducted to see if each of the cognitive measures had impact on whether individuals were 

more likely to remain stable, increase or decrease over time.  There were no significant 

differences found on the HCR scores between groups.   

Supplementary Analysis: Prediction of HCR-20 scores using baseline cognition without 

Schizophrenia as a predictor 

In order to examine the prediction of baseline cognition on HCR-20 scores without 

including schizophrenia as a predictor, a separate regression was conducted using the exact 

same cognitive predictors and outcome variables.  

For HCR-20 total score the overall regression model accounted for 30.5% of the variance, 

however the final model was insignificant, p = .078.  The hierarchical multiple regression 

revealed that in model one, age at baseline assessment did not significantly predict HCR-

20, F(1,17) = 1.469,  p = .242.  In the second step the model was significant, F(2,16)= 

5.524, p = .015, and the addition of impulsivity significantly increased the amount of 

explained variance in the model to 33.5%, F change(1,15) = 8.898, p = .009.  At the third 

step, the model remained significant, F(3,15) = 4.500, p = .019, but social cognition did 

not significantly increase the amount of predicted variance, F change (1,15) = 1.858, p 

= .193.  The addition of working memory as a predictor in step four did not significantly 

increase the amount of explained variance, F change(1,14) = .641, p = .437, however the 

overall model remained significant, F(4,14) = 3.454, p = .037.  At the final step, the model 

was insignificant, F(5,13) = 2.582, p =.078, and the of auditory delayed memory as a 

predictor did not significantly add to the amount of variance predicted, F-change (1,13) 

= .041, p = .843.  The only statistically significant change between models seen was 

between model 1 and 2, when impulsivity was added as a predictor variable, similar to the 

previous regression analysis in which schizophrenia was entered as a predictor.  
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Table 24. Linear multiple regression of predictors of HCR scores without 

Schizophrenia as a predictor, with 95% bias corrected and accelerated confidence 

intervals reported in parentheses.   

 b 95% CI for b SE B Beta p p b  Total  

R2 
adj 

Chan

ge R2 

Step 1   Upper  Lower        

Constant 32.354 19.411 42.937 5.985  .000 .001 .025 .080 

Age 

Baseline 
-.186 -.454 .139 .149 -.282 .242 .223 

Step 2          

Constant 27.844 16.535 37.944 5.468  .000 .001 .335 .329* 

Age 

Baseline  
-.267 -.503 .009 .132 -.406 .056 .063 

Impulsivity  .120 .060 .208 .037 .587 .009 .002 

Step 3          

Constant 18.919 -2.097 33.574 8.679  .036 .052 .368 .065 

Age 

Baseline  
-.323 -.605 -.032 .142 -.491 .028 .036 

Impulsivity  .168 .095 .288 .047 .818 .006 .004 

Negative 

Emotions 
.448 -.017 1.229 .302 .343 .193 .095 

Step 4          

Constant 27.491 -13.795 56.487 17.443  .062 .127 .353 .023 

Age 

Baseline  
-.265 -.635 .160 .197 -.403 .104 .165 

Impulsivity  .126 -.054 .345 .092 .613 .115 .146 

Negative 

Emotions  
.429 -.169 1.342 .370 .329 .219 .155 

Working 

Memory 
-.089 -.401 .200 .149 -.248 .437 .526 

Step 5          

Constant 27.499 -14.188 62.004 18.598  .072 .166 .305 .002 

Age 

Baseline  
-.281 -.617 .323 .243 -.427 .133 .201 

Impulsivity  .131 -.106 .348 .106 .640 .134 .168 
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Negative 

Emotions  
.448 -.677 1.298 .474 .343 .233 .187 

Working 

Memory 
-.066 -.622 .297 .225 -.184 .688 .754 

Auditory 

Delayed 

Mem 

-.023 -.354 .330 .172 .065 .843 .883 

* p < .05 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

Total R2
adj = Total R2

adjusted  

 

 

Supplementary Analysis: Prediction of HCR-20 scores using baseline cognition in 

individuals diagnosed with a schizophrenia spectrum disorder  

In order to examine the prediction of baseline cognition on HCR-20 scores in a subset of 

individuals who were diagnosed with a schizophrenia spectrum disorder, a separate 

regression was conducted using the exact same cognitive predictors and outcome variable.  

For HCR-20 total score the overall regression model accounted for 29.5% of the variance, 

however the final model was insignificant, p = .128.  The hierarchical multiple regression 

revealed that in model one, age at baseline assessment did not significantly predict HCR-

20, F(1,14) = .299,  p = .593.  In the second step the model was significant, F(2,13)= 5.990, 

p = .014, and the addition of impulsivity significantly increased the amount of explained 

variance in the model to 40.00%, F change(1,13) = 11.458, p = .005.  At the third step, the 

model remained significant, F(3,12) = 4.413, p = .026, but social cognition did not 

significantly increase the amount of predicted variance, F change (1,12) = 1.163, p = .302.  

The addition of working memory as a predictor in step four did not significantly increase 

the amount of explained variance, F change(1,11) = .047, p = .833, and the overall model 

was insignificant, F(4,11) = 3.071, p = .063.  At the final step, the model was insignificant, 

F(5,10) = 2.256, p =.128, and the of auditory delayed memory as a predictor did not 

significantly add to the amount of variance predicted, F-change (1,10) = .053, p = .823.  

The only statistically significant change between models seen was between model 1 and 

2, when impulsivity was added as a predictor variable, similar to the previous regression 

analyses.  
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Table 25. Linear multiple regression of predictors of HCR scores in individuals 

diagnosed with Schizophrenia Spectrum Disorders, with 95% bias corrected and 

accelerated confidence intervals reported in parentheses.   

 b 95% CI for b SE B Beta p p a  Total  

R2 
adj 

Change 

R2 

Step 1   Upper  Lower        

Constant 28.027 38.732 14.057 6.187  .001 .002 -.049 .021 

Age 

Baseline 
-.087 .247 -.346 .151 -.145 .593 .551 

Step 2          

Constant 22.073 31.055 8.287 5.897  .001 .005 .400 .459** 

Age 

Baseline  
-.186 .137 -.397 .134 -.309 .157 .191 

Impulsivity  .144 .224 .054 .047 .697 .005 .006 

Step 3          

Constant 15.148 29.143 -4.677 8.548  .088 .089 .407 .046 

Age 

Baseline  
-.222 .118 -.480 .148 -.368 .108 .141 

Impulsivity  .171 .276 .043 .061 .827 .005 .010 

Negative 

Emotions 
.378 1.087 -.168 .310 .250 .302 .119 

Step 4          

Constant 18.042 53.944 -23.275 21.078  .279 .310 .356 .002 

Age 

Baseline  
-.208 .288 -.624 .234 -.346 .184 .313 

Impulsivity  .159 .401 -.066 .117 .767 .062 .129 

Negative 

Emotions  
.357 1.343 -.536 .485 .236 .366 .245 

Working 

Memory 
-.026 .309 -.392 .170 -.069 .833 .854 

Step 5          

Constant 18.457 59.477 -28.948 26.246  .295 .345 .295 .002 

Age 

Baseline  
-.185 .420 -.751 .290 -.307 .340 .461 

Impulsivity  .149 .441 -.110 .149 .721 .129 .177 

Negative 

Emotions  
.321 1.441 -.720 .628 .213 .467 .322 

Working -.058 .501 -.598 .294 -.154 .764 .778 
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Memory 

Auditory 

Delayed 

Mem 

.030 .390 -.404 .218 .082 .823 .861 

* p < .05, ** p < .01 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

Total R2
adj = Total R2

adjusted  
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Hierarchical multiple regression – linear: Prediction of days spent in high 

secure care using baseline cognition  

The results of linear regression with the prediction of days spent in high secure since 

baseline assessment as the dependant variable are presented below in table 26.  Each of 

the cognitive predictor variables were entered hierarchically, with variables that we 

predicted would account for most of the variance entered in directly after age and diagnosis.    

Firstly, graphs were inspected to examine the assumptions of homoscedasticity and 

linearity.  The Durbin-Watson statistic was 2.154, suggesting that the assumption of 

independence had been met, and the VIF was below 10 and tolerance statistics above .2, 

suggesting collinearity assumption had also been met.  Standardized residuals were 

between -2 and 2 (-1.966, 1.759).  

The model suggested that only 5.7% variability was accounted for by age and diagnosis.  

Adding measures of impulsivity, social cognition, working memory or delayed memory 

did not increase this percentage significantly, suggesting they did not contribute to the 

prediction of days at high secure care.   

For days spent in high secure care the overall regression model was not significant, p 

= .344.  The hierarchical multiple regression revealed that in model one, a diagnosis of 

schizophrenia and age at baseline assessment did not significantly predict days in high 

secure care, F(2,30) = 1.959, p = .159.  In the second step the model was not significant, 

F(3,29)= 1.287, p = .297, and the addition of impulsivity did not significantly increase the 

amount of explained variance in the model, F change(1,29) = .065, p = .800.  At the third 

step, the model remained non-significant, F(4,28) = 1.144, p = .356, and social cognition 

did not significantly increase the amount of predicted variance, F change (1,28) = .749, p 

= .394.  The addition of working memory as a predictor in step four did not significantly 

increase the amount of explained variance, F change(1,27) = 1.159, p = .291, and the 

overall model remained non-significant, F(5,27) = 1.152, p = .358.  At the final step, the 

model was non-significant, F(6,26) = 1.113, p =.382, and the addition of auditory delayed 

memory as a predictor did not significantly add to the amount of variance predicted, F-

change (1,26) = .928, p = .344.   

The excluded variable analysis suggested that none of the cognitive predictors would have 

been a significant predictor had it been added into model 1.  Our findings suggest that 

cognition does not predict length of stay within high secure care settings.   
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Table 26. Linear multiple regression of predictors of days spent in high secure 

care, with 95% bias corrected and accelerated confidence intervals reported in 

parentheses.  

 b 95% CI for b SE B Beta p p a  Total  

R2 
adj

 

R2 

change 

Step 1   Upper  Lower        

Constant 1371.011 3128.543 -871.270 1027.250  .197 .190 .057 .116 

Age 

Baseline  
30.745 71.344 -6.908 19.715 .294 .168 .119 

Presence 

Schizo 
-590.289 498.469 -1467.990 515.105 .022 .255 .267 

Step 2          

Constant 1357.628 3105.177 -849.197 1045.430  .209 .207 .026 .002 

Age 

Baseline  
32.239 73.060 -16.199 23.254 .315 .169 .188 

Presence 

Schizo 
-550.029 635.525 -1644.979 565.863 .035 .317 .333 

Impulsivity  -1.009 19.085 -6.683 7.811 -.123 .800 .864 

Step 3          

Constant 2297.488 5050.465 -971.779 1486.049  .141 .135 .018 .023 

Age 

Baseline  
31.408 74.480 -17.004 24.027 .284 .183 .209 

Presence 

Schizo 
-438.209 736.143 -1653.580 607.521 .071 .439 .449 

Impulsivity  -3.107 19.215 -10.861 8.627 -.205 .510 .618 

Negative 

Emotions 
-49.843 61.638 -171.676 57.332 -.199 .394 .366 

Step 4          

Constant 3494.218 7403.418 -1434.637 2277.434  .074 .148 .023 .035 

Age 

Baseline  
32.824 75.851 -18.082 23.717 .297 .164 .175 

Presence 

Schizo 
-311.803 873.949 -1690.949 648.498 .063 .588 .607 

Impulsivity  -5.094 19.730 -13.422 9.528 -.235 .317 .480 

Negative 

Emotions  
-19.415 117.222 -143.691 65.550 -.123 .764 .741 

Working 

Memory 
-20.776 23.348 -71.211 24.197 -.146 .291 .383 
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Step 5          

Constant 4422.741 9119.761 -1606.202 2661.932  .046 .118 .021 .028 

Age 

Baseline  
28.382 77.343 -21.101 24.288 .313 .237 .229 

Presence 

Schizo 
-519.210 624.629 -1991.162 696.193 .022 .402 .427 

Impulsivity  -4.517 20.734 -13.302 9.611 -.248 .378 .529 

Negative 

Emotions  
-29.730 107.855 -152.786 65.794 -.118 .651 .656 

Working 

Memory 
-8.240 36.510 -62.356 25.736 -.072 .726 .753 

Auditory 

Delayed 

Mem 

-17.101 24.738 -58.918 21.441 -.159 .344 .417 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 
* p < .05; Note: Dependant variable = days at the State Hospital; Total R2 

adj  =Total R2
adjusted  

 

Hierarchical regression - linear: Prediction of days spent in high secure care using 

cognitive change scores  

Change scores were then entered into the model to examine if they acted as predictors for 

days spent at high secure care above and beyond age and diagnosis.  None of the models 

reach statistical significance.  Therefore, we did not conclude that change scores predicted 

days spent in high secure care over time.  

Comparison of groups: decline versus non decline. 

All scores were transformed to standard deviations below or above the mean and were 

divided into groups with significant improvement, decline or stability.  Cut-offs were 

based on previous literature with significant decline as anything decreasing .67 SD, 

improvement as over .67 SD and stability between those two cut off points.  In terms of 

the WAIS, .67 SD equates to a 10-point change.  A series of one-way ANOVAs were 

conducted to see if each of the cognitive measures had impact on whether individuals were 

more likely to remain stable, increase or decrease over time.  There were no significant 

differences found on the days spent in high secure care between groups.   
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Supplementary Analysis: Prediction of days spent in high secure care using baseline 

cognition without Schizophrenia as a predictor 

In order to examine if baseline cognition predicted days spent in high secure care without 

including schizophrenia as a predictor, a separate regression was conducted using the exact 

same cognitive predictors and outcome variables.  

For days spent in high secure care the overall regression model was not significant, p 

= .335.  The hierarchical multiple regression revealed that in model one, age at baseline 

assessment did not significantly predict days in high secure care, F(1,31) = 2.545, p = .121.  

In the second step the model was not significant, F(2,30)= 1.412, p = .259, and the addition 

of impulsivity did not significantly increase the amount of explained variance in the model, 

F change(1,30) = .333, p = .121.  At the third step, the model remained non-significant, 

F(3,29) = 1.338, p = .281, and social cognition did not significantly increase the amount 

of predicted variance, F change (1,29) = 1.174, p = .287.  The addition of working memory 

as a predictor in step four did not significantly increase the amount of explained variance, 

F change(1,28) = 1.516, p = .228, and the overall model remained non-significant, F 

change(4,28) = 1.400, p = .260.  At the final step, the model was non-significant, F(5,27) 

= 1.202, p =.335, and the addition of auditory delayed memory as a predictor did not 

significantly add to the amount of variance predicted, F-change (1,27) = .506, p = .483.   

Table 27. Linear multiple regression of predictors of days spent in high secure 

care without Schizophrenia as a predictor, with 95% bias corrected and 

accelerated confidence intervals reported in parentheses.   

 b 95% CI for b SE B Beta p p a  Total  

R2 
adj 

Chan

ge R2 

Step 1   Upper  Lower        

Constant 
770.926 2651.539 

-

676.949 
846.396 

 
.401 .349 

.046 .076 

Age 

Baseline 
34.511 69.730 -14.130 20.554 .275 .121 .097 

Step 2          

Constant 
830.517 2726.741 

-

737.851 
859.109  .374 .357 

.025 .010 

Age 

Baseline  
37.186 74.733 -16.046 22.501 .297 .107 .113 

Impulsivity  -2.183 17.167 -7.366 7.069 -.103 .568 .643 
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Step 3          

Constant 2097.49

3 
5314.546 

-

678.070 

1526.17

6 
 .169 .186 

.031 .036 

Age 

Baseline  
34.964 73.774 -16.535 23.351 .279 .129 .151 

Impulsivity  -4.433 15.404 -11.107 7.308 -.209 .312 .428 

Negative 

Emotions 
-60.314 30.527 

-

186.147 
55.496 -.219 .287 .277 

Step 4          

Constant 3483.84

7 
7597.585 

-

898.313 

2166.42

5 
 .071 .115 

.048 .045 

Age 

Baseline  
35.395 74.192 -11.553 21.775 .283 .122 .117 

Impulsivity  -6.206 13.695 -13.136 7.240 -.293 .179 .280 

Negative 

Emotions  
-23.347 102.825 

-

155.675 
65.775 -.085 .713 .724 

Working 

Memory 
-22.962 16.212 -69.801 21.890 -.285 .228 .298 

Step 5          

Constant 
4117.05

4 
8907.208 

-

1350.00

3 

2592.67

0 
 .057 .129 

.031 .015 

Age 

Baseline  
33.518 74.010 -9.338 21.388 .268 .149 .126 

Impulsivity  -6.318 13.473 -13.485 7.219 -.298 .176 .258 

Negative 

Emotions  
-32.231 99.803 

-

162.651 
69.300 -.117 .622 .650 

Working 

Memory 
-15.347 20.528 -71.060 23.635 -.190 .484 .532 

Auditory 

Delayed 

Mem 

-11.750 32.008 -51.357 20.751 -.150 .483 .584 

* p < .05 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

Total R2
adj = Total R2

adjusted  

 

 

Supplementary Analysis: Prediction of days spent in high secure care using baseline 

cognition in individuals diagnosed with a schizophrenia spectrum disorder  

In order to examine the prediction of baseline cognition on days spent in high secure care 

in a subset of individuals who were diagnosed with a schizophrenia spectrum disorder, a 
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separate regression was conducted using the exact same cognitive predictors and outcome 

variable.  

For days spent in high secure care the overall regression model was not significant, p 

= .407.  The hierarchical multiple regression revealed that in model one, age at baseline 

assessment did not significantly predict days in high secure care, F(1,23) = 2.905, p = .102.  

In the second step the model was not significant, F(2,22)= 1.479, p = .250, and the addition 

of impulsivity did not significantly increase the amount of explained variance in the model, 

F change(1,22) = .160, p = .693.  At the third step, the model remained non-significant, 

F(3,21) = 1.368, p = .280, and social cognition did not significantly increase the amount 

of predicted variance, F change (1,21) = 1.127, p = .300.  The addition of working memory 

as a predictor in step four did not significantly increase the amount of explained variance, 

F change(1,20) = 1.125, p = .301, and the overall model remained non-significant, F 

change(4,20) = 1.313, p = .299.  At the final step, the model was non-significant, F(5,19) 

= 1.702, p =.407, and the addition of auditory delayed memory as a predictor did not 

significantly add to the amount of variance predicted, F-change (1,19) = .294, p = .594.   

Table 28. Linear multiple regression of predictors of days spent in high secure 

care in individuals diagnosed with Schizophrenia Spectrum Disorders, with 95% 

bias corrected and accelerated confidence intervals reported in parentheses.   

 b 95% CI for b SE B Beta p p a  Total  

R2 
adj 

Chan

ge R2 

Step 1   Upper  Lower        

Constant 206.052 2227.502 -1041.726 820.186  .851 .786 .074 .112 

Age 

Baseline 
45.199 79.637 -6.234 21.930 .335 .102 .034 

Step 2          

Constant 241.004 2147.077 -1168.505 844.814  .830 .772 .038 .006 

Age 

Baseline  
47.963 88.725 -16.125 26.971 .355 .099 .087 

Impulsivity  -1.694 22.591 -7.536 9.230 -.083 .693 .783 

Step 3          

Constant 1836.61

9 
5356.486 -1320.538 1653.340  .336 .290 

.044 .045 

Age 

Baseline  
55.975 106.608 -8.006 29.209 .415 .066 .077 
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Impulsivity  -5.170 19.161 -15.547 10.035 -.252 .344 .516 

Negative 

Emotions 
-96.026 51.650 -279.492 85.149 -.269 .300 .266 

Step 4          

Constant 3835.70

7 
9038.640 -2434.161 2932.985  .163 .211 

.050 .045 

Age 

Baseline  
57.933 107.444 -3.074 28.437 .429 .058 .057 

Impulsivity  -8.191 21.615 -18.616 11.417 -.399 .190 .342 

Negative 

Emotions  
-88.946 77.954 -281.325 90.145 -.249 .337 .323 

Working 

Memory 
-23.382 26.974 -73.462 25.931 -.263 .301 .367 

Step 5          

Constant 4300.48

6 

10253.12

3 
-3175.898 3406.179  .145 .241 

.015 .012 

Age 

Baseline  
49.524 129.678 -16.567 36.217 .367 .152 .171 

Impulsivity  -6.889 22.678 -20.345 12.057 -.336 .310 .486 

Negative 

Emotions  
-85.283 78.214 -297.365 94.832 -.239 .367 .380 

Working 

Memory 
-12.984 46.440 -78.748 31.596 -.146 .665 .695 

Auditory 

Delayed 

Mem 

-13.657 54.543 -75.586 32.914 -.156 .594 .693 

* p < .05 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

Total R2
adj = Total R2

adjusted  
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Binary logistic regression: Prediction of violence during admission and baseline 

cognition      

A binary logistic regression was conducted to examine if violence during current 

admission could be predicted by baseline cognition.  We entered age, diagnosis, 

perseveration, social cognition, working memory and auditory delayed memory into the 

model as these values all emerged as previous predictors to violence previously, and the 

literature supported this association.  We added cognitive variables into the model in the 

second block and demographics in the first block.  A test of the full model against constant 

only model was not statistically significant, indicating predictors as a set did not reliably 

distinguish between those who were and were not violent during admission. 

The current model suggests that the model predicted 7 patients that were violent but 

misclassified 7, suggesting it only correctly classified 50% of patients using age and 

diagnosis.  There was a 68.8% accuracy of prediction for those who were not violent 

during admission, making an average correct classification rate of 60%.  However, once 

we add in cognitive predictors, this estimation rises to 76.7% overall correct classification; 

78.6% of those who had committed violent incident were correctly classified, and 75% of 

those who hadn’t.  When examining variables separately we see that only age significantly 

contributed to this model (p = .047).  Therefore, we can conclude that a test of the full 

model against the constant was not statistically significant (Chi square = 9.121, p = .167, 

df = 6).  In both the block one and two model, the wald statistic indicates that cognitive 

scores do not significantly predict violent during admission versus not violent during 

admission.  None of our predictor values entered into the equation significantly. 

Table 29. Coefficients of the model predicting whether violence during admission 

was predicted using baseline cognition    

 b 95% CI for odds ratio Walds 

X2 

p 

Lower Odds  Upper 

Block 1       

Age -.059 .868 .943 1.024 1.954 .162 

Schizophrenia 1.157 .526 3.180 19.242 1.586 .208 

Constant 1.950  7.029  1.306 .253 

Block 2       

Age -.121 .786 .886 .998 3.963 .047 
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Schizophrenia 2.236 .635 9.357 137.989 2.653 .103 

Impulsivity .007 .986 1.007 1.029 .468 .494 

Negative Emo -.144 .679 .866 1.104 1.350 .245 

Working 

memory 
.003 .921 1.003 1.093 .006 .938 

Auditory delayed 

memory 
-.032 .902 .969 1.041 .752 .386 

Constant 8.453  4688.055  2.262 .133 

Note.  Dependant variable = days at the State Hospital  R2 = .262 (cox & snell), .350 (Nagelkerke). 

Model X2(6) = 9.121, p = .167.  

Hierarchical regression - logistic: Prediction of violence during admission cognitive 

change scores 

A binary logistic regression was conducted to examine if violence during current 

admission could be predicted by baseline cognition.  We entered age, diagnosis, 

perseveration, social cognition, working memory and auditory delayed memory into the 

model as these values all emerged as previous predictors for violence previously, and the 

literature supported this association.  We added cognitive variables into the model in the 

second block and demographics in the first block.  With just demographic information 

(age, schizophrenia) included in the model, 72.2% of the time the model correctly 

predicted if someone was or was not violent during admission, and 55.6% of the time 

predicted if an individual was violent in hospital.    

The Wald statistic indicated that demographic scores do not significantly predict violence 

during admission versus not violent during admission, however bootstrapped values 

suggest that adding in both age and diagnosis did effectively add to prediction. 

In block 2, perseverations did not significantly add to the equation, nor negative emotion, 

working memory or auditory delayed memory in subsequent blocks.  Our results suggest 

that there was no significant contribution of cognitive change across any of our predicted 

abilities to the prediction of violence during admission.  

Comparison of groups: decline versus non decline. 

All scores were transformed to standard deviations below or above the mean and were 

divided into groups with significant improvement, decline or stability.  Cut-offs were 

based on previous literature with significant decline as anything decreasing .67 SD, 
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improvement as over .67 SD and stability between those two cut off points.  In terms of 

the WAIS, .67 SD equates to a 10-point change.  A series of Chi-Square tests were 

conducted to see if each of the cognitive measures had impact on whether individuals were 

more likely to remain stable, increase or decrease over time.  There were no significant 

differences found on violence during admission and cognitive change groups. 

Supplementary Analysis: Prediction of violence during admission using baseline 

cognition without Schizophrenia as a predictor 

In order to examine if baseline cognition predicted violence during admission without 

including schizophrenia as a predictor, a separate regression was conducted using the exact 

same cognitive predictors and outcome variables. We added cognitive variables into the 

model in the second block and demographics in the first block.  A test of the full model 

against constant only model was not statistically significant, indicating predictors as a set 

did not reliably distinguish between those who were and were not violent during admission. 

The current model suggests that the initial model predicted 6 patients that were violent but 

misclassified 8, suggesting it only correctly classified 42.9% of patients using age.  There 

was a 75.0% accuracy of prediction for those who were not violent during admission, 

making an average correct classification rate of 60%.  However, once we add in cognitive 

predictors, this estimation rises to 73.3% overall correct classification; 64.3% of those who 

had committed violent incident were correctly classified, and 81.3% of those who hadn’t.  

When examining variables separately we see that non of the predictors significantly 

contributed to this model on its own.  Therefore, we can conclude that a test of the full 

model against the constant was not statistically significant (Chi square = 5.924, p = .314, 

df = 5).  In both the block one and two model, the wald statistic indicates that cognitive 

scores do not significantly predict violent during admission versus not violent during 

admission.  None of our predictor values entered into the equation significantly. 

Table 30. Coefficients of the model predicting whether violence during admission 

was predicted using baseline cognition without schizophrenia as a predictor    

 b 95% CI for odds ratio Walds 

X2 

p 

Lower  Upper 

Block 1      

Age -.048 -.166 .043 1.444 .229 
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Constant 1.813 -1.946 6.799 1.194 .275 

Block 2      

Age -.077 -11.456 .045 2.792 .095 

Impulsivity .000 -.250 .105 .000 .995 

Negative Emo -.148 -10.999 .347 1.571 .210 

Working memory -.015 -4.016 .129 .155 .694 

Auditory delayed 

memory 
-.008 -1.500 .112 .069 .793 

Constant 7.342 -2.268 1020.522 2.249 .134 

Note.  Dependant variable = days at the State Hospital  R2 = .179 (cox & snell), .239 (Nagelkerke). 

Model X2(5) = 5.942, p = .314.  

 

 

Supplementary Analysis: Prediction of violence during admission using baseline 

cognition in individuals diagnosed with a schizophrenia spectrum disorder  

In order to examine the prediction of baseline cognition on days spent in high secure care 

in a subset of individuals who were diagnosed with a schizophrenia spectrum disorder, a 

separate regression was conducted using the exact same cognitive predictors and outcome 

variable. We added cognitive variables into the model in the second block and 

demographics in the first block.  A test of the full model against constant only model was 

not statistically significant, indicating predictors as a set did not reliably distinguish 

between those who were and were not violent during admission. 

The current model suggests that the initial model predicted 2 patients that were violent but 

misclassified 7, suggesting it only correctly classified 22.2% of patients using age.  There 

was a 76.9% accuracy of prediction for those who were not violent during admission, 

making an average correct classification rate of 54.5%.  However, once we add in 

cognitive predictors, this estimation rises to 81.8% overall correct classification; 66.7% of 

those who had committed violent incident were correctly classified, and 92.3% of those 

who hadn’t.  When examining variables separately we see that none of the predictors 

significantly contributed to this model on its own.  Therefore, we can conclude that a test 

of the full model against the constant was not statistically significant (Chi square = 5.526, 

p = .355, df = 5).  In both the block one and two model, the wald statistic indicates that 

cognitive scores do not significantly predict violent during admission versus not violent 

during admission.  None of our predictor values entered into the equation significantly. 
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Table 31. Coefficients of the model predicting whether violence during admission 

was predicted using baseline cognition in individuals diagnosed with 

Schizophrenia Spectrum Disorders    

 b 95% CI for odds ratio Walds 

X2 

p 

Lower  Upper 

Block 1      

Age -.043 -.191 .069 .779 .378 

Constant 1.346 -3.448 7.212 .462 .497 

Block 2      

Age -.092 -25.064 6.942 1.558 .212 

Impulsivity .007 -.799 3.225 .263 .608 

Negative Emo -.208 -54.590 8.863 1.474 .225 

Working memory .014 -6.184 7.586 .067 .796 

Auditory delayed 

memory 
-.040 -12.290 3.956 .541 .462 

Constant 8.267 -380.196 1874.936 1.373 .241 

Note.  Dependant variable = days at the State Hospital  R2 = .036 (cox & snell), .049 (Nagelkerke). 

Model X2(5) = 5.526, p = .355.  
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Hierarchical multiple regression - logistic: Prediction of level of security at 

follow-up using baseline cognition  

The aim of the present analysis was to predict either (a) high (b) medium (c) low or (d) 

community based on baseline cognition.  We entered age, perseveration, auditory delayed 

memory, visual delayed memory and working memory into the model as these values all 

emerged as previous predictors to violence previously, and the literature supported this 

association.  We added cognitive variables into the model in the order specified above 

We ran correlations and found there to be significant associations between most variables 

apart from age.  As such, we did not expect to find an interaction between age and any 

variables apart from delayed memory.  Furthermore, we examined all two way interactions 

between cognitive variables and demographic information.  

As we entered effects in a stepwise manner, we see that initially main effects were entered 

(model 0) and the interaction between impulsivity and age was added into model 2.  The 

CHI square tests the decrease in unexplained variance from baseline model (89.72) to final 

model (46.28) = 43.45.  This change is significant, meaning that our final model explains 

a significant amount of the original variability and is, therefore, a better fit than the original 

model. 

We know that our model is better than no model, but we need to look at the goodness-of-

fit to see if it is a good fit to the data.  Here both of our Pearson’s and deviance statistics 

are non-significant, suggesting the model is a good fit to the data.  

A majority of our predictors and the one interaction term is significant.  Only age, negative 

emotion and auditory delayed memory were not significant, however auditory delayed was 

significant at the .1 level (p=.057).  The table parameter estimates tell us how to interpret 

each predictor in more detail.  Note that  below we interpret our predictors emerge from 

the regular parameter chart as predictors, but when bootstrapped (1000 samples), we see 

a difference whereby significance values are increased.  In order to remain conservative, 

original parameter estimates were interpreted, however both p-values are reported:  

 Impulsivity (b = .970, Wald X2(1) = 4.823, p = .028), working memory (b = .412, 

Wald X2(1) = 5.59, p = .018) and age*impulsivity interaction (b = -.020, Wald 

X2(1) = 4.092, p = .043) all significantly predicted whether you were in community 

setting versus high secure care setting. 



206 
 

 No variables predicted likelihood to be in low compared to high secure care at 

a .05 level, but all variables apart from negative emotion and age predicted it at 

a .1 level. 

 Finally, only working memory (b = .421, Wald X2(1) = 5.378, p = .020) 

significantly predicted being in medium secure as opposed to high secure care.  

Table 32. Hierarchical regression - logistic: Prediction of level of security through 

baseline cognitive abilities.  

   95% CI for odds ratio     

 b  SE Lower Odds Ratio Upper  p-value  p-value 

bootstrap 

Community Vs 

High secure care 

       

Intercept -

99.574 
39.346 

 
 

 
.011 .040 

Age .836 .531 .815 2.308 6.535 .115 .065 

Impulsivity  .970 .442 1.110 2.638 6.269 .028 .077 

Social Cognition  .398 .288 .847 1.489 2.616 .166 .048 

Working memory .412 .174 1.073 1.509 2.123 .018 .036 

Auditory delay 

memory 
.207 .115 .981 1.230 1.541 .072 .055 

Impulsivity*Age -.020 .010 .961 .980 .999 .043 .163 

Low Vs High 

secure care 

       

Intercept -

74.835 
26.818 

   
.037 .050 

Age .682 .359 .415 .838 1.693 .120 .071 

Impulsivity  .731 .260 .729 1.215 2.025 .060 .078 

Social Cognition  .322 .306 .729 1.328 2.422 .065 .042 

Working memory .286 .182 1.067 1.524 2.175 .161 .045 

Auditory delay 

memory 
.194 .112 .946 1.178 1.467 .061 .050 

Impulsivity*Age -.016 .006 .987 .998 1.009 .066 .145 

Medium Vs High 

secure care 
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Intercept -

52.645 
26.818 

   
.050 .056b 

Age -.176 .359 .415 .838 1.693 .623 .158b 

Impulsivity  .195 .260 .729 1.215 2.025 .454 .170b 

Social Cognition  .284 .306 .729 1.328 2.422 .354 .033b 

Working memory .421 .182 1.067 1.524 2.175 .020 .062b 

Auditory delay 

memory 
.164 .112 .946 1.178 1.467 .143 .041b 

Impulsivity*Age -.002 .006 .987 .998 1.009 .738 .067b 

Note. R2 = .732 (cox & snell), .784 (Nagelkerke). Model X2(18) = 43.4, p = .001.  

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

b. Based on 998 samples 

 

Hierarchical regression - logistic: Prediction of level of security at follow-up using 

cognitive change scores  

The aim of this analysis is to predict either (a) high (b) medium (c) low or (d) community 

based on change in cognitive scores over time.  We entered age, perseveration, auditory 

delayed memory, visual delayed memory and working memory into the model as these 

values all emerged as previous predictors to violence previously, and the literature 

supported this association.  We added cognitive variables into the model in the order 

specified above.  We did not examine any interactions due to the low sample size causing 

inflation of Type I errors.   

The CHI square tests the decrease in unexplained variance from baseline model (63.3) to 

final model (30.58) = 32.718.  This change is significant, meaning that our final model 

explains a significant amount of the original variability and is, therefore, a better fit than 

the original model. 

We know that our model is better than no model, but we need to look at the goodness-of-

fit to see if it is a good fit to the data.  Here we see that the deviance statistics is non-

significant, however the Pearson’s statistic is significant.  This could mean over dispersion 

of data.  However, this can also reflect omitted variables or interactions and predictors that 

violate linearity of the logit assumption.  As we had seen significant interactions 

previously, it is possible that this is why the statistic is inflated.  Nonetheless, results are 

to be interpreted with this in mind. 
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Finally, we look at the likelihood ratio test, which tells us the significance of predictors to 

the model. We see that only auditory delayed memory change and working memory 

change emerged as significant predictors.  The table parameter estimates tell us how to 

interpret each predictor in more detail.  None of our predictors emerge from the regular 

parameter chart as predictors, but when bootstrapped (1000 samples), we see the following:  

 Change in Impulsivity (b = -.162, Wald X2 (1) = 2.472, p = .048) and negative 

emotion recognition (b = 1.790, Wald X2(1) = 1.721, p = .045) significantly 

predicted whether you were in community setting versus high secure care setting, 

and working memory approached significance working memory (b = 1.263, Wald 

X2(1) = XXX, p = .051). 

 Change in Impulsivity (b = -.025, Wald X2(1) = 2.506, p = .024) was the only 

variable that significantly predicted whether you were in community setting versus 

low secure setting. 

 Finally, change across all variables predicted if you were to end up in medium 

versus high secure care hospital at follow-up.   

 

Table 33. Hierarchical regression - logistic: Prediction of level of security at follow-

up using cognitive change scores.  

   95% CI for odds ratio     

 b  SE Lower Odds 

Ratio 

Upper  p-

value  

p-value 

bootstrap 

Community Vs 

High secure 

care 

       

Intercept 
22.538 6348.890b 

-

1046.759b 
 3826.592b .094 .056b 

Age -.011 216.106b -27.265b .989 35.799b .908 .128b 

Auditory Delay 1.357 181.589b -5.580b 3.885 153.164b .152 .047b 

Perseveration  -.162 30.584b -25.869b .851 .504b .116 .048b 

Working 

memory 
1.263 211.804b -34.343b 3.536 190.310b .150 .051b 

Negative 

emotion 
1.790 263.451b -29.153b 5.990 285.361b .190 .045b 
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Low Vs High 

secure care 

       

Intercept 4.796 6102.508 -1175.559  731.112 .221 .075 

Age -.074 215.377 -22.393 .929 20.880 .334 .099 

Auditory Delay .009 89.693 -43.144 1.009 14.093 .918 .229 

Perseveration  -.025 25.995 -12.011 .976 1.649 .113 .024 

Working 

memory 
.007 172.590 -79.235 1.007 30.938 .952 .279 

Negative 

emotion 
-.175 141.640 -89.808 .840 38.453 .296 .058 

Medium Vs 

High secure 

care 

       

Intercept 
3.913 6117.111c 

-

1137.967c 
 1117.720c .541 .040c 

Age -.164 223.097c -36.792c .849 13.167c .267 .008c 

Auditory Delay -.182 92.521c -44.374c .834 11.395c .236 .003c 

Perseveration  -.087 26.761c -14.431c .917 .642c .154 .006c 

Working 

memory 
-.229 241.692c -108.701c .795 19.327c .469 .023c 

Negative 

emotion 
-.540 173.318c -81.647c .583 42.789c .222 .004c 

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples 

b. Based on 994 samples 

c. Based on 998 samples 
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CHAPTER 8 

Results: Neurological Injury in Relation to Risk-related 

Outcomes and Self-harm in Forensic Psychiatric Hospitals 

across Scotland 

 

8.1: Demographic details   

A total of 432 individuals were included in analysis subsequent to removal of individuals 

based on exclusion criteria. Demographic data were collected using a pre-specified set of 

variables.  This set of variables was developed subsequent to examination of case-notes 

for the purpose of the pilot study and examination of demographic data collected in recent 

risk- and neuropsychological-based research in similar cohorts.  The demographic data 

collected is outlined in table 34. 

Table 34. Demographic data collected: national cohort   

Standard Demographic Data Age, ethnicity, health board, highest level of 

academic achievement 

Adverse Childhood Events  History of physical abuse, history of sexual abuse  

Psychiatric History Primary diagnosis, secondary diagnoses, age first 

admission, age first psychiatric contact  

Medical history Physical co-morbidity data, self-harm history, self-

harm current 

Forensic history Type of previous offences (i.e., violent, indecency, 

etc.), legislation for current detentions, number of 

previous convictions, previous offences 

committed, violence within hospital, number of 

violent offences  

History of substance abuse Patient alcohol consumption problems, patient 

illicit drug misuse, patient use of drugs/substances 

History of neurological injury History of head injury, history of brain scan, ICD-

10 diagnosis acquired brain injury 

 

The mean age for the sample was 44.47 (sd = 11.65) years, ranging from 21-79.  The 

majority of the study sample was male (392), with only 39 females and one transgendered 
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male.  The primary nationality was British (411), followed by Polish (3), and the primary 

ethnicity was White Scottish (340), followed by White British (26), Mixed background 

(9), White Irish (7) and African (5).   

Academic history 

There were 14 individuals who had completed an undergraduate or postgraduate degree, 

11 with a diploman and 27 with Highers/A-level or Advanced higher education.  Eighty-

three had a standard grade/GCSE and 203 individuals had none.  Twenty-seven individuals 

had also completed an apprenticeship.   

Health board  

The majority of the sample was within Greater Glasgow and Clyde health board (141), 

followed by Tayside (44), Lanarkshire (42), Grampian (35) and Lothian (34).  This is 

unsurprising given the spread of hospitals within these areas.  There were 22 within NHS 

Fife, 26 within Ayrshire and Arran, 28 within NHS Highland and 18 within NHS Forth 

Valley.  The remaining health boards had less than 10 individuals in each (Borders, 

Dumfries, Northern Ireland North, Norther Ireland South).  

Adverse childhood events 

There were 150 individuals (34.7%) with confirmed physical abuse during childhood and 

80 (18.5%) with documented childhood sexual abuse.  However, there were 59 (13.7%) 

individuals for which physical abuse history was unknown, and 68 (15.7%) with an 

unknown history of sexual abuse. Therefore, of the sample for which abuse history is 

known, 22% had a history of sexual abuse and 40.2% had a history of physical abuse.  

Psychiatric history 

The mean age at first contact with psychiatric services was 22.64 (sd = 9.27), ranging from 

age 3-61.  Age of first admission to psychiatric facilities ranged from 10-63, with a mean 

age of 27.17 (sd = 10.04).  The average number of admissions could be determined for 

319 individuals and ranged from 1-50, average 5.4 (sd = 5.82).  

The current level of security ranged from high secure to open ward, reflecting what would 

be expected within the forensic network, with 142 individuals residing in high secure care 

(32.9%), 57 in medium (13.2%), 114 in low secure/ICU (26.4%), 45 in an open ward 

environment (10.4%) and 74 unknowns (17.1%).  
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All diagnoses were based on ICD-10 criteria, according to the FNC.  The most common 

primary psychiatric diagnosis was schizophrenia (n=304, 70.4%), followed by 

schizoaffective disorder (n=34, 7.9%), bipolar affective disorder (n=25, 5.8%), dissocial 

personality disorder (n=10, 2.3%), and emotionally unstable personality disorder (n=10, 

2.3%).  The most common secondary diagnoses were dissocial personality disorder (n=44, 

10.2%), harmful drug use (n=34, 7.9%), Alcohol dependence (n=13, 3 %) and alcohol 

harmful use (n=12, 2.8%).  Full psychiatric diagnoses breakdown can be seen in table 35.  

Table 35. Psychiatric history: national cohort   

Diagnosis Primary Secondary 

 N % N % 

Unknown/NA 3 .7 228 52.8 

ABI 6 1.4 7 1.6 

Dementia 2 .5 4 .9 

Alcohol Dependence 0 0 13 3.0 

Alcohol Harmful use 1 .2 12 2.8 

Drug Dependence 1 .2 6 1.4 

Drug Harmful Use 1 .2 34 7.9 

Drug Withdrawal 4 .9 1 .2 

Schizophrenia 304 70.4 0 0 

Schizotypal Disorder 1 .2 1 .2 

Persistent Delusional Disorders 4 .9 2 .5 

Acute and Transient Psychotic 

Disorders 
1 .2 1 .2 

Drug induced psychosis 1 .2 1 .2 

Schizoaffective Disorder 34 7.9 3 .7 

Unspecified non-organic psychosis 4 .9 0 0 

Manic episode 1 .2 0 0 

Bipolar affective disorder 25 5.8 1 .2 

Depressive episode 2 .5 1 .2 

recurrent depressive disorder 1 .2 3 .7 

anxiety disorder 0 0 7 1.6 

Paranoid personality disorder 0 0 1 .2 
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Schizoid PD 0 0 1 .2 

PTSD 2 .5 0 0 

Dissocial PD 11 2.5 44 10.2 

Emotionally unstable PD 10 2.3 9 2.1 

Conduct disorder  childhood 0 0 1 .2 

Anakastic PD/OCD 0 0 1 .2 

Anxious PD 0 0 1 .2 

Mixed PD 5 1.2 7 1.6 

Narcissistic PD 0 0 2 .5 

34.00 0 0 4 .9 

Asperger's 0 0 7 1.6 

Autistic spectrum Disorder 0 0 1 .2 

ADHD 2 .5 2 .5 

Other 6 1.4 26 6.0 

 
Medical history 

The majority of patients had either a current of historical physical comorbidity.  The most 

common historical comorbidities were head injury (n=39), diabetes (n=18), asthma (n=14) 

and high blood pressure (n=14).  Similar patterns were seen for patients with current 

comorbidities, with diabetes emerging as the most common (n=51), followed by high 

blood pressure (n=29), asthma (n=25) dyspepsia (n=15) and hepatitis C (n=14).  It is 

important to note that there was no separation between none, not applicable and unknown 

for physical comorbidity recording.  As a result, it is likely that there are a group of 

participants that will have had physical comorbidities that were unknown but documented 

as none/NA.  Full breakdown of current and previous physical comorbidities can be seen 

in table 36.  

Table 36. Physical comorbidities: national cohort   

Comorbidity Current Previous 

 N % N % 

Asthma 25 5.8 14 3.2 

High BP 29 6.7 14 3.2 
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Diabetes 51 11.8 18 4.2 

Dyspepsia 15 3.5 5 1.2 

Epilepsy 8 1.9 5 1.2 

Head Injury 4 .9 39 9.0 

Hepatitis B 3 .7 2 .5 

Hepatitis C 14 3.2 13 3.0 

HIV Positive 2 .5 1 .2 

Operation 7 1.6 18 4.2 

Other 78 18.1 49 11.3 

None / NA 196 45.4 254 58.8 

 
A majority of the sample (n=259, 60%) had a history of self-harm and the self-harm history 

was unknown for 39 (9%). There were 76 individuals (17.6%) who were documented as 

being currently at risk for self-harm and 26 for whom this was unknown (6%).   

Forensic history 

There were 322 individuals with a documented previous conviction, 82 without a previous 

conviction and 28 for whom conviction status was unknown.  Over one quarter of the 

sample (n=121, 28%) had 10+ previous convictions, 63 (19%) had 5-10, 104 (24.1%) had 

<5, and 144 (33.3%) were unknown.   

The most common types of current detention orders were section 64(4) of the mental 

health care and treatment (Scotland) act 2003 – Compulsory treatment order (n= 126, 

29.2%) and section 59 + 57 of the Criminal procedure (Scotland) act 1995 – Restriction 

order + compulsion order (n = 157, % = 36.3%), which combined accounted for over 65% 

of the whole sample.  There were an additional 62 individuals (14.4%) that were detained 

under the mental health care and treatment (Scotland) act 2003 – compulsion order, and 

43 individuals (10%) that were sentenced prisoners that had transfer for treatment direction 

(TTD) Restricted patient status.  An additional four patients (.9%) were detained under 

section 57 (2)(b) – Restriction order, combining for a total of 47.1% of the sample having 

a restriction order.   

The most common type of offence committed was serious assault (n=65, 21.2%), followed 

by attempted murder (n= 42, 13.7%) and culpable homicide (n=35, 11.4%), and murder 

(n=31, 10.1%), all of which fall under the violent offence umbrella.  It is important to note 
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that there were 28 individuals for which type of previous offence was unknown (6.5%) 

and a further 16 that had a confirmed conviction but no recording of type of conviction, 

suggesting these data could be skewed.  Of individuals who had committed at least one 

violent offence (n=174), the average number of violent offences committed was 2.22 (sd 

= 2.00), ranging from 1-13.  The average number of indecency offences for those who had 

committed at least one (n=45), was 1.84 (sd = 1.19), ranging from 1-5.  For full overview 

of previous offences, see table 37.  

Table 37. Forensic history: previous offences national cohort    

Offence Category Offence N % 

Violent offences Serious Assault 65 15.0 

attempted murder 42 9.7 

culpable homicide 35 8.1 

murder 31 7.2 

robbery 3 .7 

other violence 11 2.5 

Indecency / Violence attempted rape 7 1.6 

rape 6 1.4 

sexual assault 17 3.9 

Indecency other indecency 10 2.3 

Dishonesty housebreaking 3 .7 

shoplifting 1 .2 

other theft 1 .2 

Other Crimes  crime against public 

justice 
1 .2 

handling an offensive 

weapon 
11 2.5 

drugs 1 .2 

other crime 1 .2 

Fire Raising  fire raising 18 4.2 

Miscellaneous  common assault 20 4.6 

breach of peace 19 4.4 

other offences 3 .7 
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Other  

 

Conviction confirmed; 

offence not specified 
16 3.7 

No conviction  82 19.0 

Unknown 28 6.4 

 
There were 183 (42.4%) individuals who had a documented violent incident during 

admission.  Violence was most commonly directed at nursing staff (n=142, 77.6%), 

followed by patients (n=29, 15.8%), other (n=5, 2.7%), other health professionals (n=2, 

1.1%), self (n=2, 1.1%), unknown (n=2, 1.1%) and RMO (n=1, .5%).   

History of substance abuse 

There were 314 individuals who had a history of an alcohol misuse, including harmful use 

(213), dependence (67), secondary diagnosis (9) and other (25).  Similarly, 322 individuals 

had a history of drug misuse.  Harmful use was the most common type of historical 

problem (204), followed by dependence (63), other (37) and secondary diagnosis (10).  

The mean number of drugs used, from patients where drug use was known, was 3.53 

(sd=2,47), ranging from 0-10.  Types of drugs abused are presented in table 38. 

Table 38. Substance misuse history: drugs misused national cohort  

Drug N % 

Unknown 75 23.29 

Morphine 121 37.58 

Cocaine  117 36.34 

Opiates or Derivative 62 19.25 

Amphetamines 179 55.59 

Cannabis 278 86.34 

Hallucinogens 118 36.65 

Barbiturates 4 1.24 

Benzodiazepines 119 36.96 

Sole Vapour Spray 54 16.77 

Ecstasy 121 37.58 

Legal High 38 11.80 

Other 43  13.35 
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History of neurological injury 

There were 47 individuals with a documented head injury (10.9%).  Thirty-nine of these 

individuals had a history head injury, four had a current head injury (within the past year) 

and for 4 individuals time of head injury was not documented.   

Only 140 individuals had record of a brain scan, 27 of which showed abnormalities.  There 

were 135 individuals who had not had a brain scan and 157 for which it was unknown.  

The most common scan type was CT Scans (108).   Six of these individuals had a primary 

diagnosis of acquired brain injury, and seven had a secondary.  Only two individuals had 

significant birth problems that caused neurological impairment (1 – hypoxia, 1 – anoxia).  

Risk assessment scores 

A total of 286 participants had a sufficient proportion of the HCR-20 completed by their 

care teams (see operational definition for more details).  The average total HCR-20 score 

was 27.55 (sd=6.62), ranging from 6.75 to 40.   
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8.2: Results Hypothesis 1: Does the presence of neurological injury 

and/or substance abuse within patients predict more severe risk-

related outcomes? 

Does the presence of neurological injury and/or substance abuse within patients predict 

worse risk-related outcomes, namely;  

 Quantity of violent offences 

 Violent incidences during admission  

 HCR-20 

 Risk of harm to self 

 Risk of harm to others  

Operational definitions: Hypothesis 1 & 2 

Nature & quantity of violent offences  

Data on convictions from all patients within the forensic network in 2013 was collected 

through the FNC.  For the purpose of this study violent offences were defined as with 

intention to attempt, threaten or inflict harm on another human. By this definition, 

homicide, attempted homicide, serious assault, robbery with assault, arson with intent to 

endanger life, sexual assault, rape/attempted rape, and abduction were all depicted violent 

offences.  These definitions and classifications are in line with other recent publications 

on violence and mental illness (Fazel et al., 2006; Fazel et al, 2011; Scottish Government, 

2002; Tapscott 2012).  Quantity of violent offences were recorded by responsible medical 

officers, or a member of the health care team, for each individual.   

Risk of harm to self: 

Patient episodes of self-harm/suicide were coded as a dichotomous variable or ‘unknown’ 

and was divided into ‘current admission’ or ‘previous history’.  For the purpose of this 

analysis we will examine the impact of risk factors on both current and historic self-harm.  
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HCR-20: 

Scores were only included if there was a total of 17/20 H factors included, and 4/5 risk 

and clinical factors.  Scores were adjusted based upon how many components were 

answered.  

Head Injury: 

Head injury was coded as either medical history of head injury, current head injury (within 

the past year), diagnosis of acquired brain injury, and/or brain scan abnormalities 

confirming head injury. Head injury was coded as a dichotomous variable.   

Alcohol & substance/drug misuse: 

Misuse included harmful (recreational) use, dependence and secondary diagnosis in both 

cases.  Alcohol and substance misuse were coded as dichotomous variables.  

Schizophrenia:  

Diagnoses were made using ICD-10 or DSM diagnosis and recorded as either a primary 

or secondary diagnosis by responsible medical officers or a member of the patients’ health 

care team. 

Factorial MANOVA: Violence   

In order to test the relationship between head injury and substance misuse a Factorial 

MANOVA was conducted. Factorial MANOVAs allow us to examine the effect of our 

IV’s as well as the effect of our IV interactions on the DVs.  Head injury, alcohol misuse 

and drug misuse were entered into the model as categorical IVs coded as dichotomous 

variables.  HCR-20 and total number of violent offences were entered as multiple 

continuous variables.  As we know diagnosis has an impact on violence, we included 

schizophrenia as a dichotomous variable in the analysis to see if it accounted for more 

variance than the predictor variables.  

The multivariate test statistic tells us that there is a significant difference between violent 

and non-violent outcomes based on head injury, but not any other variables. Levenes test 

for equal variances was significant for all three dependant variables, meaning that there 

was a violation of homogeneity of variance.  This means that for violence scores, variance 

was unequal for the different predictor variables.  
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Using Pillai’s Trace, there was a significant effect of head injury V = .033, F(2,258) = 

4.32, p = .013 (partial eta square = .033), drug misuse, V = .033, F(2,258) = 4.45, p = .033 

(partial eta square = .033) and alcohol misuse * schizophrenia interaction V=.028, F(2,258) 

= 3.74, p = .035 (partial eta square = .028) and no other variables or interactions.  

Table 39. Results from MANOVA: impacts of head injury and substance misuse 

on violence  

MANOVA F Df P η2 

Intercept 
413.412 2 (258) .000 .762 

Head Injury 
4.392 2 (258) .013 .046 

Alc Misuse  
.934 2 (258) .394 .007 

Drug Misuse 
4.450 

2 (258)  
.013 .033 

Schizophrenia 
.322 

2 (258)  
.725 .002 

Head Injury * Alc Misuse 
.613 

2 (258)  
.542 .005 

Head Injury * Drug Misuse 
2.673 

2 (258)  
.071 .020 

Head Injury * Schizophrenia 
.009 

2 (258)  
.991 .000 

Alc Misuse * Drug Misuse 
.244 

2 (258)  
.784 .002 

Alc Misuse * Schizophrenia 
3.744 

2 (258)  
.025 .028 

Drug Misuse * Schizophrenia 
.837 

2 (258)  
.434 .006 

Head Injury * Alc Misuse * Drug Misuse 
- - - - 

Head Injury * Alc Misuse * Schizophrenia 
2.021 2 (258) .135 .015 

Head Injury * Drug Misuse * Schizophrenia 
- - - - 

Alc Misuse * Drug Misuse * Schizophrenia 
.365 2 (258) .694 .003 

Head Injury * Alc Misuse * Drug Misuse * 

Schizophrenia 
- - - - 

Note: Alc misuse = alcohol misuse; drug misuse = drug misuse; * = interaction term  

 

However, between-subjects ANOVAs suggested that head injury only had a significant 

effect on HCR total scores, F(1,259) = 6.679, p = .010 (partial eta square = .025), and 

violent offences at a .1 p-value only, F(1,259) = 3.495, p = .063 (partial eta square = .013), 

and drug misuse only had a significant impact on total violent offences, F(1,259) = 8.933, 

p = .003 (partial eta square = .033) and nothing else.  Furthermore, the interaction between 
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alcohol misuse and schizophrenia also only had impact on total violent offences, F(1, 259) 

= 7.516, p = .007 (partial eta square = .028).  

Pearson’s CHI Square: Violence   

In order to test the relationship between violence during admission and presence of 

neurological injury, alcohol misuse, drug misuse and a diagnosis of schizophrenia, 

Pearson’s CHI square test was run.  

Table 40. Violence during admission  

  Violence during admission  

  Yes No χ2 

Head Injury Yes 26 17 5.545*  

No  146 205 

Alcohol Misuse Yes 131 166 .101 

No 41 56  

Drug Misuse Yes 127 173 .893 

No 45 49  

Schizophrenia  Yes 114 165 3.035 

No 58 57  

Note: Y = presence of risk factor (i.e., alcohol misuse, drug misuse, head injury, schizophrenia) 

Pearsons Chi-Square <.05* 

 

Our results suggest that head injury was the only independent variable included in the 

analysis that emerged as a risk factor for violence during admission.  Conversely, we did 

not find that alcohol misuse, drug misuse or a diagnosis of schizophrenia significantly 

differentiated those who had recorded violent incidences during admission versus those 

who did not. 

8.3: Results Hypothesis 2: Is the presence of neurological injury 

and/or substance abuse associated with self-harm? 

As self-harm was coded as a dichotomous variable, Pearson’s CHI square test were run to 

examine if there was a difference between those with presence of risk factors.  Our results 

suggested that one is significantly more likely to have a history of self-harm if they have 

a history of alcohol misuse  (p=.045), and a diagnosis of schizophrenia (p = .025). 

Individuals were significantly more likely to have a current episode of self-harm if they 

had a history of drug misuse (p=.002) or diagnosis of schizophrenia (p = .001). Results are 

presented in table 41. 
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Table 41. The association between risk factors and self-harm  

  Self-harm current  Self-harm Past  

  Yes No χ2 Yes no χ2 

Head Injury Yes 8 36 .009  28 14 .012 

No  68 294 231 120  

Alcohol Misuse Yes 53 240 .307 194 90 4.44* 

No 20 77  53 41  

Drug Misuse Yes 47 256 9.88**  190 103 .332 

No 28 65  62 29  

Schizophrenia  Yes 42 247 12.49*** 173 105 5.23* 

No 34 80  84 29  

Note: Y = presence of risk factor (i.e., alcohol misuse, drug misuse, head injury, schizophrenia) 

Pearsons Chi-Square <.05*, <.01**, <.001***  

 
Our initial analysis supports our hypothesis that there are risk factors for self-harm.  

Specifically, schizophrenia emerges as a risk factor for both current and historic self-harm 

episodes, whereas alcohol misuse emerges only as a risk factor for historic self-harm and 

drug misuse as a risk factor for current self-harm.  Conversely, we did not find that head 

injury significantly differentiated those who currently or previously self-harmed versus 

those that did not.  
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CHAPTER 9 

Discussion 

9.1 Discussion of follow-up sample 

The most common diagnosis in forensic psychiatric hospitals in the United Kingdom (UK) 

is schizophrenia spectrum disorder (Harty et al., 2004); a multifaceted diagnosis 

accompanied by a wide range of cognitive deficiencies (Nuechterlein et al., 2004), 

increased rates of physical health problems and a high prevalence of psychiatric 

comorbidities. Approximately half of the population with a diagnosis suffer from 

depressive episodes and comorbid substance abuse (Leucht et al., 2007; Buckley et al., 

2009).  High rates of unemployment and homelessness further increase the complexity of 

treatment needs and associated costs, which are largely attributable to inpatient care, costs 

for which alone amount to approximately £11.8 billion annually in the UK (Andrews et 

al., 2012).  

Adverse childhood events, including child maltreatment and low levels of education, are 

also prevalent in mentally ill offender populations, and are known to be associated with 

an increased risk of suicidal behavior (Swogger et al., 2011; Sakelliadis et al., 2010; 

Dudeck et al, 2016) and violence (Wilson, Stover & Berkowitz, 2009).  It is believed that 

childhood abuse in particular creates a cycle of violence, whereby previous exposure can 

cause perpetrating and/or antisocial behaviour later in life (Maxfield & Widom, 1996).  As 

such, mental illness in isolation is never the singular cause of violence, however the 

additional factors that predispose violence in mentally ill offenders highlight the complex 

and multidimensional treatment needs of this population.  

This chapter describes the contextual details of the sample recruited for the purpose of the 

10-year follow-up study.  Comparing the results of the present study sample to the baseline 

sample and to other literature will provide a platform for the interpretation and 

generalizability of results.  This chapter will initially compare the present thesis to other 

literature, and subsequently address the differences between those that participated in the 

2004-5 study and those that participated in the follow-up study.   

Comparison of sample to previous literature: 10-year follow-up study 

 
The mean age of the study sample (49.78 years) is comparatively older than most studies 

that have examined neuropsychological abilities and violence in mentally ill offenders.  
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However, this is expected given the methodological approach, namely longitudinal, 

whereby one would expect an older sample based on the length of follow-up. Indeed, the 

baseline age of approximately 38 is similar to that seen in previous research conducted 

within the UK (Barkataki et al., 2005; Murphy, 2007; Fullam & Dollan, 2008).   

The present sample revealed high rates of schizophrenia and comorbid psychiatric 

diagnoses, adverse childhood events, low levels of education and high rates of 

unemployment.  The most common primary diagnosis was schizophrenia (67%), similar 

to that seen in previous literature based in the UK (Harty et al., 2004; Walsh, Buchanan & 

Fahy, 2002) and internationally (Foster, Hillbrand, & Silverstein, 1993; Putkonen et al., 

2004), and 75.5% of the sample had a secondary psychiatric diagnosis.  These figures are 

similar to those seen in other studies conducted in the State Hospital (Thomson et al., 1997; 

Vojt, 2013).  

Co-morbid rates of alcohol and substance misuse in the present population (75.5% and 

65.3% respectively) were similar to prevalence rates seen in previous studies conducted at 

the State Hospital (Vojt, 2013) and elsewhere, particularly regarding problems with 

substance use disorders / dependence where said rates were in the mid-70 percentile range 

(Putkonen et al., 2004; Hawley & Maden, 2003). The rates of sexual and physical abuse 

(both at 36.2%) were also high and, again, similar to that seen in Vojt’s (2013) study 

conducted at the State Hospital.  

Over half of the sample had committed a non-sexual crime of violence. The present sample 

who consented to follow-up assessment had a substantially lower proportion of convicted 

attempted/murder or homicide perpetrators (n=3) as compared to other studies (Barkataki 

et al., 2005), but similar to rates previously seen within the State Hospital (Vojt, 2013).  

This may be a result of differences between forensic systems as well as cross-cultural 

differences, including a lower rate of psychopathy seen in Scotland (Cooke et al., 1999).  

Indeed, psychopaths, and criminals in general, are more likely to migrate towards larger 

cities, such as London, where victims are less likely to identify predators (Mealey, 1995; 

Wilson & Harrnstein, 1985 as cited in Cooke et al., 1999).  Of the individuals for which it 

was possible to determine violence during admission (n=43), over half (53.5%) had a 

documented violent incident since 2004-5.  This is a slightly higher rate compared to other 

studies, such as Fullam & Dollan (2008), who found 40.2% of patients had engaged in 
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interpersonal violence since their index admission in an English high and medium secure 

hospital sample.  

Comparison of sample to NPSS 2004 sample  

The demographic information of the participating and non-participating follow-up sample 

were compared, where available.  This was to ensure there was no sampling bias based on 

these variables. There were minimal between-group differences.  There was no significant 

difference between participants and non-participants on measures of age at baseline 

assessment, age of leaving school, presence of traumatic brain injury, neurological insult 

or drug misuse.  There was also a similar proportion of highest academic qualification 

status amongst both participants and non-participants.   

The only other significant difference between participants and non-participants that 

emerged in relation to forensic history was length of stay in a high secure hospital (p 

< .001), such that participants had a significantly longer length of stay (2247.69 vs 1206.28 

days).  This is unsurprising given the high consent rate seen within the State Hospital for 

the purpose of this study and the fact that those who had more recently been within the 

State Hospital were easier to locate at follow-up.   

The difference between baseline cognitive scores were also examined in order to 

determine if there were any impacts of cognitive variables on willingness to participate.  

Of the 33 cognitive scores examined, only one emerged as significantly different between 

participants and non-participants, namely response style indicator on the CPT.  As the 

difference between groups was minimal, it can be speculated that the present findings are 

not based on sampling biases related to demographic history, forensic history or baseline 

cognitive assessment scores.   

Relevance to thesis  

Discussion of the descriptive data of the present sample increases the understanding of the 

precursors and current factors that may have impact on both cognition and violence. 

Furthermore, generalizability of the present results is greatly dependent on the 

demographics of the sample and how well the demographic details match those seen 

within similar populations. Based on the current findings, the results of this thesis will 

have expected relevance locally to the mentally ill offenders who have previously been 

within medium and high secure settings in Scotland. Results are to be interpreted with 
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caution and with local mental health legislations in mind, as these differ within and out 

with the United Kingdom.  Indeed, there are discrepancies seen in mental health legislation 

internationally related to involuntary admission requirements, harm and deterioration 

criteria, community treatment order boundaries, requirements for detention orders and use 

of capacity and treatability tests (Gray et al., 2010; Fistein et al, 2009), all of which have 

impact on what constitutes a mentally ill offender.   

Nonetheless, the patient cohort was similar to that seen throughout research conducted 

within the United Kingdom and internationally and, therefore, results are likely to be 

generalizable to offenders with a diagnosed mental illness out with Scotland rather than 

confined to the present study sample.    

Limitations  

There are multiple limitations of the collected data that could influence the frequencies 

and variances of demographic details.  Demographic and historic data that was collected 

was based on case-note review and forensic network census (FNC) data, both of which 

rely heavily on clinician reporting.  Furthermore, a substantial portion of data reported by 

the clinician relies on self-report from the patient, which is in itself a limitation.  However, 

the Scottish Criminal Record Office (SCRO, see the Scottish Parliament website for more 

information) confirmed a portion of forensic and psychiatric history data collected, 

increasing robustness of data.  There were certain individuals for which data collection 

was limited based on scarcity and inconsistency of information included in case-notes, as 

well as the variability of case-note data between contexts (i.e., prison, secure hospital, 

community).  However, in a population for whom case-notes are copious, file review was 

extensive and comprehensive and where there were discrepancies between case-notes and 

FNC data the researcher sought contact with the clinician to inquire further in order to 

ensure accuracy.  
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9.2 Discussion: Longitudinal change in cognition  

As previously highlighted, there remains a scarcity of literature examining the course of 

cognition in mentally ill offenders.  Although cognitive abilities have been shown to be 

predictive of a wide array of functional outcomes, quality of life and risk of violence 

longitudinally, previous meta-analytical findings suggested a lack of consistency in 

findings and a dearth of longer-term follow-ups.  The results of the present study 

emphasized the instability of cognition over a 10-12-year period and suggested that these 

instabilities are ability-specific, such that some show improvement whereas others worsen 

over time.  Furthermore, the present results suggest a need for further examination of the 

course of cognition – specifically in mentally ill offender populations.   

Main findings  

Through longitudinal assessment, using identical neuropsychological measures at baseline 

and follow-up, it can be concluded that certain cognitive abilities significantly change over 

a 10-12-year period in mentally ill offenders, supporting our original hypothesis.  The 

longitudinal changes seen were dependent on the cognitive ability examined, and further 

analysis confirmed direction and extent of change for each cognitive ability.   

Of the eight cognitive abilities examined for the purpose of this analysis, one-half of the 

abilities significantly declined, two remained stable, and two significantly improved over 

time.   More specifically, working memory, auditory delayed memory, inattention, and 

impulsivity all significantly worsened over time, whereas processing speed and problem 

solving improved.   

Comparison to previous literature  

Abilities that evidence decline 

 
Working memory, auditory delayed memory, inattention and impulsivity scores all 

significantly worsened over time.  Although both inattention (under responding) and 

impulsivity (over responding) were measured using the same assessment (CPT), there was 

no correlation seen between scores at follow-up assessment. This implies that these results 

were independent and, therefore, can be interpreted as significantly declining as separate 

entities.  However, it cannot be ignored that there are similar biological mechanisms that 

underpin both, and often impulsivity and inattention are seen as symptoms of comorbid 

diagnoses that are common within mentally ill offenders, such as with attention deficit 
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hyperactive disorder or antisocial personality disorder.  Nonetheless, studies examining 

both constructs have found they differentially predict violence-related outcomes, 

including false confessions (Gudjonsson et al., 2010) and prison breaches of discipline in 

youth (Gordon, Williams & Donnelly, 2012), highlighting the benefit of examining them 

independently.    

Both inattention and impulsivity had non-normal distributions with significant outliers.  

Upon removal of outliers, distributions remained non-normal, thus for the purpose of 

analyses outliers were not removed.  The standard deviations for both abilities were large, 

namely 49.71 for omission (inattention) and 59.15 for perseveration (impulsivity), 

suggesting a wide range in scores.  However, this is somewhat expected given the 

complexity of the population regarding descriptive data and diagnoses that have impact 

on measures of inattention and impulsivity.  Nonetheless, follow-up analyses revealed that 

poorer outcomes seen in both impulsivity and inattention were of a medium-large effect 

size (partial eta squared impulsivity: .253; inattention .233).   

In examining the outliers of CPT scores, there does not appear to be a pattern related to 

presence of substance use or brain injury for inattention scores, however three quarters of 

the individuals with outliers for impulsivity had presence of comorbid alcohol misuse and 

one half had presence of a neurological injury.  This is fairly consistent with the prevalence 

rates found across the NPSS sample, suggesting none of these factors are likely to have 

influenced extreme outliers.  Of interest was the fact that all individuals who had outlier 

scores were above the mean age (49) at follow-up assessment by at least 3 years.  These 

findings suggest that there may be an effect of age on decline; however, the number of 

outliers is too minimal to provide robust conclusions.  

The previously discussed meta-analytic findings suggest that attention, as one construct, 

increased over time in first episode psychosis and schizophrenia, however there was a 

large variation of findings across studies that followed up participants over 5 years or more.  

Furthermore, of the studies examining solely the continuous performance task as a 

measure of attention (CPT), the average age was much younger than the age of the present 

study, by approximately 8 years, and only one study had similar average age at baseline 

(41.1 years).   As such, it is possible that declines are only present in longer-term follow-

ups, such as the present study, or for older individuals at later stages of illness.   
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Furthermore, results may differ based on the assessment measure utilized.  There were six 

studies that employed a continuous performance task (CPT) to measure attention, however 

none of these studies reported on the separate abilities measured by the CPT – namely 

omission, commission, perseverations – but instead reported summary scores including 

total correct (Rodriguez-Sanchez et al., 2013; Ayesa-Arriola et al., 2013) and detectability 

(d’) (Liu et al., 2006; Ekerholm et al., 2012; Seidman et al., 1991; Simons, Bartels-

Velthuis & Pijnenborg, 2016).  Furthermore, follow-up periods for these studies ranged 

from 3-5 years and the majority of scores remained stable.  It is possible that only certain 

measures on the CPT decline over time, and that by only examining summary outcomes, 

this decline remains unnoticed.  It is also possible that differences seen are due to risk-

related discrepancies between forensic psychiatric and non-forensic psychiatric samples 

that may influence cognition, such as head injury. 

Similar to inattention and impulsivity, working memory and auditory delayed memory are 

also from the same type of measurement, namely the Wechsler scales, which were 

developed as concurrent measures of memory and intelligence.  These scores were 

significantly correlated at both time point (.559 baseline, .424 follow-up), suggesting a 

possible overlap in abilities.  This is not surprising given that working memory was 

measured using the intelligence scale, which taps more into verbal than visual abilities, 

similar to auditory delayed memory.  Both working memory and auditory delayed memory 

were normally distributed at baseline, however only auditory delayed memory was 

normally distributed at follow-up.  There was only one outlier for working memory at 

follow-up, for which the individual had a significantly higher score than expected, and 

therefore it is not possible that the pattern of decline evidenced is attributable to outliers.  

Working memory and auditory delayed memory both significantly decreased with large 

effect sizes (partial eta squared = .288, .268 respectively).  However, working memory 

was significantly correlated with a high proportion of cognitive abilities at both baseline 

and follow-up (5/7 cognitive domains on each occasion), suggesting that it is possible that 

working memory ability might underlie other abilities, or vice versa, as suggested by 

previous research (Kar & Jain, 2016).  Working memory did not correlate with 

perseverations or visual delayed memory at follow-up or visual delayed memory, omission 

or commission at baseline, suggesting that that the decline evidenced was not attributable 

to the decline seen across other abilities over time apart from possibly auditory delayed 

memory.   
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These findings are inconsistent with meta-analytic findings suggesting increase in ability 

over time; however, increases reported in the literature were only apparent in first episode 

patients, and none of our patients were first episode patients.  The majority of studies that 

employed the WAIS to measure working memory / learning abilities suggested 

improvement over time, however these studies had a mean age of 25.8-27.4, which is 

significantly younger than the present sample (Ayesa-Arriola et al., 2013; Gonzalez-

Ortega et al., 2013).  Furthermore, the one study that examined chronic diagnoses in an 

older age group (54.6) found there to be no change over time (Meagher et al., 2004).  It is 

important to highlight the vast differences between a first episode diagnosis and the 

present sample, in that the current population is significantly older and all had a chronic 

diagnosis at follow-up assessment.  Indeed, previous research has concluded that some 

cognitive domains are stage of illness dependent and may deteriorate prior to or during 

first episode schizophrenia but remain stable thereafter (Stirling et al., 2003).   

In addition, none of these studies used the full, recommended battery of subtests to 

examine working memory, but rather just the backwards digit subtest of the WAIS.  This 

implies a lack of rigorous examination of cognitive ability in previous studies examining 

change over time, which may have contributed to the heterogeneity across data.  

The present meta-analytical findings regarding change in verbal learning and memory 

were too heterogeneous to interpret.  However, only one study employed the WMS, and 

results of only one index were reported (paired associate total) (Hoff et al., 2005).  The 

findings regarding delayed memory had similar outcomes of heterogeneity of data and 

very few of these studies examined specifically auditory (or verbal) delayed memory.  

Therefore, comparison of the current findings to previous findings is difficult, based on 

the lack of previous research conducted within similar populations.  

Abilities that evidence improvement  

Processing speed and problem solving both significantly improved over time with 

medium-large effect sizes (partial eta squared =.187, .235).  Processing speed was highly 

correlated with many of the assessment scores at both baseline and follow-up, which is 

unsurprising given that many cognitive assessments require and take into account the 

speed of processing (i.e., CPT, many indexes on WAIS/WMS, CANTAB).  As a result, it 

is possible that changes seen across other abilities could be either an underestimate or 

overestimate if cushioned or bolstered by improved processing speed.  However, abilities 
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of interest were entered into the same statistical model and therefore this overlap, in theory, 

should be controlled for.  Conversely, problem solving correlated with very few scores at 

baseline and follow-up time points.  Problem solving score had a normal distribution at 

baseline but at follow-up had three extreme outliers – one that evidenced an unusual 

decline over time and two that evidenced an unusually large improvement.   

Processing speed had a non-normal distribution at follow-up with three extreme outliers 

that evidenced an abnormal improvement over time and, when removed, resulted in 

normal distribution.  Although all three extreme outliers were above the mean and 

therefore contributed to the average increase in abilities over time, approximately three 

quarters of individuals who completed both baseline and follow-up processing speed 

assessments did improve over time (73.53%), suggesting the increases evidenced were 

most likely not a result of outliers.  It is also possible that the increases seen are partly 

attributable to the Flynn effect. However, given that the other indices from the WAIS 

included in this analysis did not evidence a similar increase this is unlikely.  

It is important to note that problem solving was the last assessment run of the entire battery, 

and directly followed the CANTAB assessments aimed at measuring other executive 

functioning related abilities, including set-shifting.  It is possible that a practice effect 

resulted in an increase in scores over time that may not be evident in earlier assessments.   

Indeed, practice effects are seen throughout the literature (Keefe, 2014).   

Nonetheless, these results mirror our meta-analytic results that found a significant increase 

in processing speed across four studies, three of which examined processing speed using 

the digit symbol-coding test from the WAIS (Ayesa-Arriola et al., 2013; González-Ortega 

et al., 2013; Balanza-Martinez et al., 2005).  The present results suggest that processing 

speed does not underlie a wide scope of other cognitive abilities, such as working memory, 

as seen in other studies (Dickinson et al., 2007).  Interestingly all studies included in the 

meta-analysis examined samples with younger average ages (23.3-29.9), implying that it 

is possible that processing speed increases regardless of age or stage of illness.     

In contrast to the current findings, meta-analytic results suggested that only first-episode 

patients tend to increase in problem solving over time, whereas individuals with chronic 

schizophrenia diagnoses remain stable.  There were two studies that employed the 

stockings of Cambridge test (SOC) to examine problem solving abilities (Leeson et al., 

2009a, Braw et al., 2013), and only one of these studies used number of problems solved 
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as an outcome measure, similar to the present study.  Results of Braw et al. (2013) 

suggested stability of problems solved over a 3-year period.  Conversely, the present 

findings suggest that improvement of problem solving ability is possible for individuals 

diagnosed with schizophrenia.  Indeed, improved problem solving is a goal of many 

psychological therapies, specifically cognitive remediation, which has shown an increase 

in abilities over time in patients diagnosed with chronic schizophrenia (Bowie et al., 2014).  

The present findings contrast other research that suggests problem solving may be a 

secondary deficit to attention and working memory (Kar & Jain, 2016) given that these 

abilities deteriorated in this sample.  

Abilities that remain stable  

In contrast to what was hypothesized, there were two abilities that remained stable over 

time, namely verbal comprehension and visual delayed memory.  Visual delayed memory 

and verbal comprehension were both found to be normally distributed at both time points 

and did not significantly correlate with each other at either time point, suggesting 

independence of findings.  This is not surprising, given that visual delayed memory relies 

on visual learning, whereas verbal comprehension taps into more verbal learning 

mechanisms.      

The meta-analytic findings suggested that non-verbal learning and memory improved over 

time in first-episode patients, however only one study examined the WMS visual 

reproduction index (Chang et al., 2014), and no other studies employed the WMS, 

suggesting results from the meta-analysis may lack rigorous assessment techniques. The 

present findings regarding delayed memory were too heterogeneous to interpret, and the 

three studies that examined visual delayed memory specifically through the ROCFT (Gold 

et al., 1999; Nemoto et al., 2014) yielded inconsistent results in that two suggested 

improvements, whereas one suggested decline (Kurtz et al., 2005) over time.  As such, it 

appears that the stability of visual delayed memory found for the purpose of the current 

study does not mimic that seen within other, similar populations, however this is the first 

study to examine visual delayed memory in mentally ill offenders specifically.    

Further, visual and verbal memory have been shown to be differentially effected by 

traumatic brain injury (Shum, Harris & O’Gorman, 2000), suggesting the importance of 

examining memory in divided components, as opposed to an overall summary. However, 

the effects of traumatic brain injury on visual memory, as compared to verbal memory, 
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are less understood as more research has examined the impacts of verbal memory based 

on the importance of language in everyday functioning.  Based on the variable findings 

from the meta-analysis, the longitudinal study and prior research, it is apparent further 

examination of visual memory is needed before robust conclusions can be made. 

The present results regarding verbal comprehension are difficult to compare to the meta-

analytic findings given that there was no specific examination of verbal comprehension 

index score in the studies included.  However, verbal comprehension index of the WAIS 

is comprised of three WAIS subtests, which are sometimes employed as a short form 

measure of verbal comprehension.  In the meta-analytic findings, four studies examined 

one of these WAIS subtests and none of these studies evidenced a significant decline in 

ability over time.  Furthermore, examination of stability across time in other 

neurologically impaired populations, such as Alzheimer’s, have also shown relative 

stability of episodic memory and language as compared to attention and working memory 

(Monsell et al., 2014), similar to the present study. Given that not all cognitive abilities 

evidenced change over time, these results do not support a model of pervasive cognitive 

development or decline in mentally ill offenders.  It is possible that certain cognitive 

abilities may emerge early in the course of mental illness or before disease onset and 

remain stable throughout the course of illness as seen in previous studies (Kurtz et al., 

2005).  

Impacts of assessment quality and context  

For the purpose of this thesis, with the exception of the CANTAB, complete assessment 

batteries were used as opposed to singular sub-tests that are often employed for reasons of 

feasibility.  The comprehensive nature of the assessment battery used enables us to 

determine overlap in abilities and separation between abilities that increase versus decline 

over time using the same sample of individuals (and therefore accounting for historical 

variables).  Marceau, Meghani & Reddon (2008) highlighted the importance of 

comprehensive neuropsychological assessment to provide a basis to examine, manage and 

predict patient outcomes, risk and rehabilitation.    

The impact of context, such as level of security, on patient outcomes is one that cannot be 

ignored.  Indeed, it is known that those who spend less time in psychiatric hospitals are 

more prone to favorable outcomes (Skipworth et al., 2006), and less favorable cognitive 

abilities are associated with longer length of stay (Kato et al., 1995; Toofanian et al., 2015).  
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However, the present sample had a fairly even spread of sample between community, low, 

medium and high secure settings, increasing the generalizability of the results.  Therefore, 

it is not presumed that results from the present study are only applicable to a singular 

context, nor that context during assessment had an overriding impact on results, as all 

patients were assessed in similar situations (one on one, 4 session’s maximum) and in 

paralleled orders.   

Clinical relevance 

The present results reveal findings that have clinical implications for both inpatient and 

outpatient assessment and treatment.  Measures of cognition have been linked to treatment, 

employment, functional outcomes, and symptomology (Kurtz, 2011; Green, 1996; 

Casanova, 1997).  More specifically, attention has been linked to treatment progression 

and successful employment (Kurtz, 2011).  Furthermore, it has been suggested that 

learning and memory are predictive of functional outcomes and treatment participation 

(Green, 1996; Kurtz, 2011).  Deficits in delayed memory are apparent within this 

population (Holthausen et al., 2003; Rushe et al., 1999), however the course of delayed 

memory has not yet been examined in mentally ill offenders. Understanding the 

longitudinal course of memory, and discrepancies between the different facets of memory, 

is essential for the purpose of assessment and treatment planning.   

Current research examining working memory yields mixed findings, and meta-analytic 

examination has suggested discrepancies to be attributable to stage of illness.  There is 

little focus on the impacts of working memory on longitudinal outcomes in mentally ill 

offenders currently, however the present results suggest that this scarcity is unwarranted.  

Impairment in working memory, resulting in not being able to correctly hold and 

manipulate information for the purpose of guiding behaviours, is associated with poor 

clinical outcomes, including negative symptoms and behavioural disorganization 

(Goldman-Rakic & Selemon, 1997).  Furthermore, Kar & Jain (2016) suggested that 

abnormalities in working memory prevent verbal encoding in schizophrenia, an ability 

central to treatment efficacy, which also contributes to other cognitive functions.   

Therefore, if measures of attention, working memory and delayed memory are declining 

over time, as evidenced by the present findings, it is likely that these declines will have 

proximal impacts on ability to benefit from psychological treatment, future employment 

and possibly even symptomology.  This would be something to keep in mind when 
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examining the future needs of patients as well as assessing probability of longitudinal 

functional outcomes.  If mentally ill offenders are evidencing declines in abilities that are 

predictive of future outcomes, these abilities should be targeted with the aim of preventing 

decline prior to discharge.  Furthermore, the present results suggest that only auditory 

delayed memory declines over time, whereas visual delayed memory remained stable.  

These results pinpoint the differences between auditory and visual memory, as well as 

highlight the importance of targeting auditory memory, a skill that is particularly relevant 

for engagement in treatment, in order to prevent further decline.  

However, improvements in areas of problem solving may act as a protective factor, such 

that this ability, similar to attention, has been linked to therapeutic progression and 

employment (Kurtz et al., 2011).  However, there is still an apparent need for further 

examination of problem solving over time as the present study used a measure of problem 

solving that is comparatively new and under-researched.  Nonetheless, despite the 

protective factors for abilities that increase, from the present findings it can be speculated 

that there is an apparent need for further focus on cognitive abilities in therapeutic 

treatment if it can be expected that certain abilities decline longitudinally.  Indeed, more 

focus on inclusion of cognitive training in psychological therapies, such as cognitive 

remediation, would help elucidate or prevent poor outcomes and should therefore be more 

widely considered.    

Furthermore, previous research has shown that both early and late-course illness 

individuals benefit from cognitive remediation, but that those with early course 

schizophrenia show greater improvements in processing speed and executive functioning 

as compared to those categorized as long-term course of illness (>15 years), suggesting 

perhaps targeting these abilities early on in therapy will have a more positive outcome 

(Bowie et al., 2014).  It is also clear that many of the declines seen may have impact on 

violence risk, which will further be discussed in the subsequent chapter.   

The present findings appear to differentiate this study from those seen in the literature 

examining schizophrenia, suggesting that results based on the longitudinal course of 

cognition in a diagnosis of schizophrenia are not generalizable to mentally ill offenders.  

More specifically, empirical evidence regarding a diagnosis of schizophrenia suggests that 

the vast majority of cognitive abilities improve or remain stable over time, whereas the 

present results suggest a deterioration over time for working memory, auditory delayed 
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memory, impulsivity and inattention. As a result, the assessment, prediction and 

management of risk, and management of treatment efficacy or functional outcomes cannot 

be based on findings that emerge from the examination of the course of cognition in solely 

a diagnosis of schizophrenia.  These findings highlight the need for further examination, 

particularly longitudinally, of cognition in mentally ill offenders.  

Limitations  

Perhaps the most obvious limitation of this study was the modest sample size, thus limiting 

the number of cognitive variables that could be included in analysis.  Determining the 

location of participants at 10-year follow-up was incredibly difficult, making the follow-

up rates lower than expected.  Therefore, it is possible that the present results are skewed 

towards patients that still have contact with psychiatric teams.  However, there were not 

any substantial between-group differences in demographic or baseline cognitive variables.  

Nonetheless, increased sample size would have enabled the inclusion of additional 

cognitive factors and covariates that may have had impact on results.   

Secondly, as the sample was comprised exclusively of males, the present findings may not 

be generalizable to females, given that cognitive profiles may differ according to gender 

(Bennett, Farrington & Huesmann, 2005; Voglmaier et al., 2005).   Ideally, the present 

study would have included a control group, which would have enabled comparison of 

effects seen within MIO’s to those seen within healthy populations or non-forensic 

psychiatric controls.  This would be something to consider including in future research. 

Longitudinal neuropsychological assessment has been scrutinized as being too susceptible 

to practice effects.  Indeed, it is acknowledged that practice effects are definitely possible, 

and given the nature of the assessment battery employed it is possible that later 

assessments (such as the CANTAB) may have resulted in more positive outcomes as a 

result of training from previous cognitive assessments that underlie executive functioning.  

However, practice effects based on re-testing using the same assessments are extremely 

unlikely, given that after 7-years practice effects are likely to be diminished (Calamia, 

Markon & Tranel, 2012).   

There are, however, inherent limitations of using neuropsychological assessments within 

this population, such as false responses and faking disability.  To counter this issue, the 

test of memory malingering was included in the assessment battery at both baseline and 

follow-up and there was no evidence of false responding.  Furthermore, the types of 
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assessments used for the purpose of this study are well known, reliable, comprehensive 

and extensively validated for use in psychiatric samples.  Therefore, the type of assessment 

chosen was a not considered a prevalent limitation.   

Summary 

In conclusion, the present findings suggested that neuropsychological abilities are 

susceptible to change over a 10-12-year period in mentally ill offenders.  Direction of 

change differs vastly between abilities, suggesting a global cognitive change is not evident 

but ability-specific changes are.  Given the impacts of cognitive abilities on functional, 

clinical and risk-related outcomes, these findings have significant implications for clinical 

practice and highlight the need for increased inclusion of cognitive training within this 

population.   
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9.3 Discussion: Risk factors for cognitive decline  

Based on previous literature suggesting an increased risk for cognitive impairment, it was 

hypothesized that neurological injury (including traumatic brain injury) substance misuse 

and alcohol misuse, would predispose an individual to risk of cognitive decline over time. 

The present results suggest that these risk factors did not differentiate between those who 

declined versus those who did not.  

Main findings  

Presence of risk factors 

The majority of individuals within this study had at least one of the four depicted risk 

factors (neurological insult includes TBI and, therefore, was examined as one entity) for 

decline.  There was only one individual (2.0%) who had no risk factors present, and nine 

who had a history of only one (18.4%).  The remaining 79.6% of the population had 

between two and four risk factors present, with 16.3% having all four present.  These 

results emphasized the multifaceted comorbid issues known to impact cognition, and often 

risk of violence, within this population.   

The most common risk factors, apart from schizophrenia which is known to be prevalent 

in this sample (67%), were alcohol (75.5%) and substance misuse (65.3%).  There were 

16 (37.2%) individuals who had a historic neurological injury or condition, and only eight 

individuals had a documented traumatic brain injury (18.6%). Furthermore, there were no 

significant differences in presence of baseline-recorded risk factors between completers 

and non-completers suggesting these factors did not have an influence on consent rates. 

Primary findings from the model  

There were significant overlaps between alcohol and substance misuse, and traumatic 

brain injury and neurological insult.  As a result, these factors were added into the analysis 

in pairs, creating a total of three MANOVAS: (1) traumatic brain injury and neurological 

insult as covariates impacting decline across cognitive abilities; (2) alcohol misuse and 

substance misuse as covariates impacting decline across cognitive abilities; (3) 

schizophrenia as a covariate impacting decline across cognitive abilities.  Contrary to what 

was hypothesized, there were not any significant interactions between risk factors, 

cognition and time, suggesting that these factors did not have significant influence on 
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course of cognition. Albeit, the studies’ statistical power would only allow detection of a 

large effect.  

Comparison to previous literature  

Head injury 

There is a scarcity of research examining the impacts of head injury on course of cognition.  

Many studies that do examine head injury are cross-sectional in nature or do not examine 

cognition over time but rather associations with cognition at a single time point following 

head injury.   Furthermore, there have been even fewer studies examining the impact of 

head injury on cognition in mentally ill offenders.  Nonetheless, the present results 

contrasted previous literature that was available, where declines were seen across multiple 

cognitive domains, including visual memory and visuospatial abilities (Himanen et al., 

2006), resulting from head injury.  

Poor performance on delayed memory, attention, and executive function assessments have 

all been shown to be associated with a presence of head injury (Wortzel, Benner & 

Arciniegas, 2013; Mathias and Weaton, 2007; Slaughter et al., 2003).  Traumatic brain 

injury, which is significantly more prevalent in incarcerated populations, has also been 

shown to cause impulsivity (Farrer & Hedges, 2011).  Given that our findings did not 

suggest that head injury has longitudinal impacts on cognition, it is possible that head 

injury has an initial impact on cognition but remains stable, or improves, thereafter.  It is 

also plausible that a lack of reporting of head injury could have suppressed results.  Further 

research is needed to examine how and when head injury impacts cognition in mentally ill 

offenders, as the current literature base is scarce and yields inconsistent results.  

Substance & alcohol misuse  

Previous literature regarding the relationship between substance misuse and cognition has 

been mixed, with some studies suggesting misuse results in an exaggerated cognitive 

impairment in schizophrenia (Ralevski et al., 2012), while others suggest that misuse does 

not impact cognition in early psychosis populations (Pencer & Addington, 2003).  It was 

hypothesized that substance and alcohol misuse might have longer-term impacts, whereby 

the impacts on cognition would be exaggerated or remain evident or later in life.  However, 

the present results did not find this to be true. 
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Furthermore, substance and alcohol misuse have a bi-directional relationship with 

inattention and impulsivity, such that impulsivity both predicts and causes substance abuse 

disorder (Moeller et al., 2002).  However, Moeller and colleague’s definition of substance 

abuse disorder differed from the definition used for the purpose of this thesis, which was 

much less stringent and did not require a secondary diagnosis.  It is possible that by 

adopting a more stringent operational definition of misuse, such as examining only those 

with a documented secondary diagnosis of substance or alcohol misuse, results would have 

differed.  Although we were underpowered to examine this difference, based on small 

sample size, it is possible that alcohol and substance misuse does not affect cognitive 

decline, but long-term dependence does.  In this respect, the difference between the present 

results and others may be a result of a conceptual limitation.  However, it is also possible 

that substance and alcohol misuse impact cognition immediately following misuse, as 

opposed to longitudinally.  

Schizophrenia  

The majority of the research examining the course of cognition in psychology or 

psychiatry research is focused on populations with a diagnosis of schizophrenia.  Although 

the results of the meta-analysis loosely suggested that certain cognitive abilities declined 

or increased over time in individuals diagnosed with schizophrenia, the results were very 

heterogeneous with weak effect sizes, and therefore difficult to interpret.  Nonetheless, it 

was hypothesized that a diagnosis of schizophrenia may act as a risk factor for decline, as 

it has been suggested by prior researchers that it may be neurodegenerative in nature 

(Archer, 2010) or at certain time points during illness (Zaytseva, Korsakova & Gurovich, 

2010).  However, our findings did not suggest that a diagnosis of schizophrenia is 

associated with cognitive decline, proposing that the present results are not only 

generalizable to those with a diagnosis of schizophrenia, but rather the larger cohort of 

mentally ill offenders. 

Psychotropic medication 

As discussed in chapter 4, the current literature surrounding the relationship between 

psychotropic medication and cognition is mixed.  In contrast to prior research, the present 

results did not advise that type of drug had differential cognitive impacts in relation to 

improvement (Meltzer & McGurk, 1999) or decline (Sweeney et al., 1991).  However, 

both of these studies were conducted before 2000, which may be in part attributable to 
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discrepancies between results, as both medication and measurement of cognition has 

evolved within the past few decades.  The present results were similar to that of Keefe and 

colleagues (2007) that found no difference between groups of atypical and typical 

antipsychotic users on neurocognitive outcomes.   From these results it can be speculated 

that neither cognitive decline nor improvement were mediated by polypharmacy or 

generation of medication used in this population. However, dose or brand of antipsychotic 

was not examined, which is something to consider examining in future research.   

Reporting of risk factors 

How, when and why comorbidities are recorded and coded is highly interchangeable.  The 

coding of traumatic brain injury, substance and alcohol misuse for the purpose of this 

thesis was limited based on sample size and availability of data, such that all variables 

were coded dichotomously.  The way in which researchers and clinicians conceptualize 

head injury or substance/alcohol misuse greatly varies and, while only clinician recorded 

data was used, guidelines and norms greatly vary across culture, which are also likely to 

have impact on a clinician rating. 

For example, the Scottish Department of Health defines low-risk misuse as regularly 

drinking more than 14 units per week (Scottish Government, 2016), however alcohol sales 

data in Scotland suggests that enough alcohol is sold for every adult to drink over 20 units 

each week.  Furthermore, base-rate drinking is higher in Scotland than elsewhere, 

including England and Wales, suggesting that alcohol misuse may be seen as more 

excessive than the standard 20 units per week that is seen elsewhere.  These norms may 

have impact on what is viewed as severe, or clinical relevant, in terms of alcohol misuse.  

A similar issue could arise regarding substance misuse.   

Furthermore, the presence of head injury may be obscured by the presence of alcohol or 

substance misuse, which are both known to have vast clinical and risk management 

implications.  The overlap of TBI and substance/alcohol misuse is apparent, such that use 

of alcohol and drugs commonly predate injury, and TBI acts as a risk factor for relapse 

into substance misuse (Castano-Monsalve et al., 2013). However, substance misuse had 

been highlighted as fundamental to forensic psychiatric practice (Snowden, 2001), 

whereas head injury has not.  It is possible that head injuries go unreported as a result of 

alcohol and substance misuse being a primary focus, especially in a population with such 

pervasive rates of comorbidities.  
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Clinical relevance 

Batty and colleagues (2016) suggested that co-occurrence of risk factors, such as 

schizophrenia and head injury, may have a greater impact on cognition than TBI or 

schizophrenia separately.  However, the present findings suggested that this is not the case. 

Therefore, individuals with comorbid substance or alcohol misuse, head injury or 

schizophrenia should not be the sole target cohort for elucidating cognitive impairment, 

as it appears all patients are susceptible to cognitive decline and should therefore be 

considered for cognitive remediation.  This is the case, at least, until reporting of head 

injury becomes standardized and validated within forensic services, which will enable 

further examination of head injury on cognitive course. 

However, based on the small sample size of the present study and lack of reporting of risk 

factors, as discussed in the subsequent section, it was felt that the most apparent clinical 

implication from these results is the apparent need for a more robust form of reporting of 

head injury.  Indeed, the National Prisoner Healthcare Network recently identified the 

linkage between brain injury system and criminal justice system (CJS) as being poor, and 

emphasized the need for documentation of brain injury in individuals involved in the CJS 

and recognition of the associated health care and service-based needs (NPHI, 2016).  

Limitations  

The greatest limitations of these analyses was the recording of risk factors, as there were 

inconsistencies as to how head injury, substance misuse and alcohol misuse were recorded 

in case notes.  Furthermore, recording of historical variables depends heavily on self-report 

from patients and historic recounting from family/peers.  This is a commonly described 

limitation for studies examining historical variables.  Secondly, self-reporting may be 

flawed based on inconsistent beliefs surrounding what constitutes a documentable head 

injury, as opposed to lack of memory of incidents.  There has also been a traditional under 

examination of head injury, whereby there is no gold standard means of recording historic 

head injuries in forensic psychiatric practice. Albeit a clear criterion was used in the 

extracting of data that had been recorded, absence of a recorded history does not confirm 

that it was not present.  However, diagnosis of schizophrenia was reliable and recording 

of medication was accurate and in-depth for those within secure hospitals. 

Secondly, recording risk factors as dichotomous variables, rather than on a continuum, 

limits the clinical relevance of the present results.  Indeed, substance and alcohol misuse 
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can be recorded in a continuum of severity, which is effective for guiding treatment needs.  

Nonetheless, the research literature examining substance misuse has used a wide range of 

definitions, and, therefore, for the purpose of this study all documented historical 

substance and alcohol misuse were included.  Further, interventions for substance misuse 

in offending populations have been shown to be effective regardless of substance 

use/dependence severity (Crane & Buld, 2012), suggesting the examination of all levels 

of severity is applicable.  

The level of statistical analysis that was conducted, given the limited sample size, is also 

a limitation.  With greater examination of nested variables through multi-level modeling, 

and inclusion of more cognitive abilities and mediation terms, examination of higher-level 

relationships between risk factors and cognition would have been conceivable.    

Summary  

The presence of substance misuse, alcohol misuse and head injury within forensic 

psychiatric populations is significantly higher than that of the general population.  It is 

well known that all three comorbidities pose significant risk factors for cognitive 

deficiency and violence.   However, the present results did not suggest that any of these 

factors, nor a diagnosis of schizophrenia or use of psychotropic medication, mediated 

declines or improvements in cognitive abilities over a 10-12-year period.  However, 

the recording of head injury, substance misuse and alcohol misuse was constricted by 

the data available and poses as a significant limitation.  Examining severity, as opposed 

to presence, as well as the need for a gold standard means of reporting head injury in 

this population is required.  
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9.4. Discussion: Prediction of risk using cognitive abilities   

It was hypothesized that impulsivity, recognition of negative emotions, working memory 

and delayed memory would be predictive of violence risk assessment scores (HCR-20), 

days spent in the state hospital, violence during admission and level of security at follow-

up over and above age and a diagnosis of schizophrenia.  More specifically, it was 

anticipated that impulsivity would be the greatest predictor, followed by social cognition, 

working memory and auditory delayed memory.  The order in which variables were 

entered into the model was based upon findings from previous literature.  The results of 

the present study found that certain cognitive abilities were most predictive of risk-related 

outcomes, and that the effects of these predictors were diluted once extra variables with 

presumably shared variance were added into models.  More specifically, we identified 

working memory and impulsivity as the most significant predictors of some, but not all, 

risk-related outcomes, whereas social cognition and auditory delayed memory were not 

found to significantly contribute to the prediction of risk-related outcomes over and above 

impulsivity and working memory. 

Main findings 

Prediction of HCR-20 scores  

The present results suggest that the presence of schizophrenia and baseline perseveration 

scores, together in one model, were the most accurate predictor of overall HCR-20 scores 

at follow-up assessment.  This is not particularly surprising, given that the VRAG and 

HCR-20, two of the most common risk assessment tools employed within forensic 

psychiatric settings, include impulsivity as a primary risk factor (Harris, Rice & Cormier, 

2002; O’Shea et al., 2014).   However, although the final model predicting HCR-20 scores 

was significant, none of the predictor models were individually significant, suggesting the 

effects of impulsivity and presence of schizophrenia were diluted once additional variables 

with shared variance were added into the model.  However, the model including just age 

and a diagnosis of schizophrenia was non-significant, whereas the addition of impulsivity 

into the model significantly increased the accountable variance to 52.8%.  These results 

propose that impulsivity predicts very large proportion of the variance in HCR-20 scores, 

highlighting the relationship with, and possible predictive ability towards, assessment of 

violence risk over and above demographic data.  However, results also highlight that this 
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effect is only present if we ignore shared variance between other cognitive variables, 

emphasizing the need for further examination.  

Furthermore, the discrepancy seen between R2 and adjusted R2 was minimal in this model, 

suggesting a valid rate of generalizability.  The model suggests that as impulsivity 

increases, so do HCR-20 scores.  However, the correlation between schizophrenia and 

HCR-20 scores suggested that those with schizophrenia are more likely to have lower 

HCR-20 scores. Contrary to the perception that schizophrenia is a diagnosis associated 

with increased violence (Fazel et al., 2009), the present results support the notion that, 

perhaps, personality disorders are more strongly associated with violence (Fountoulakis, 

Leucht & Kkaprinis, 2008) in this particular sample.   

The predicted model was followed-up with a stepwise model in order to determine if any 

other variables, had they been entered in at an earlier step, would predict HCR-20 scores.  

Working memory emerged as a possible predictor of HCR-20 score in stepwise methods, 

similar to what was hypothesized, in that those with a higher working memory score were 

more likely to have lower scores on HCR-20.  Further analysis revealed that perseverations 

and schizophrenia were predictive of the clinical sub-scale, which is what would be 

expected given that impulsivity is one of the five clinical measures, and working memory 

was the sole predictor of the risk subscale.  The main points that emerge out of these results 

are twofold, namely; (1) Clinicians appear to effectively depict whether patients are 

impulsive or not as recorded in the HCR-20, and; (2) It is possible that working memory 

abilities underpin some of the risk management items in the HCR-20 (e.g., noncompliance 

with remediation attempts, stress).   

When the same model was conducted without including a diagnosis of schizophrenia as a 

predictor, impulsivity remained the only cognitive variable that significantly increased the 

models predictive ability towards HCR-20 scores.  This was also true for the 

supplementary model in which only individuals with a diagnosis of a schizophrenia 

spectrum disorder were included in analyses.  

However, HCR-20 scores at follow-up were not predicted by change scores, and those 

who improved over time on cognitive measures did not have significantly different HCR-

20 scores from those who declined over time.  In other words, change in cognition over 

time did not predict how high someone scores on their assessment of risk.     
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Prediction of days spent in The State Hospital  

Contrary to what was hypothesized, cognitive predictors did not significantly predict 

length of stay in the state hospital (TSH), which was conceived as a proxy measure of 

risk, in either the primary or supplementary regression models.  Interestingly, presence 

of schizophrenia was not found to significantly predicted length of stay, and age and 

diagnosis combined only accounted for 5.7% of the variance in length of stay.  These 

results suggest that there is something missing from the current equation that may be 

accountable for a greater proportion of variance.    

This finding is of interest as it is contradicts the present findings suggesting an 

association between cognitive variables and HCR-20 scores, as we know the HCR-20 

influences transfer decisions.  Thus, we would expect that the cognitive abilities 

associated with the HCR-20 would also be associated with days spent in high secure. 

It is possible then that there is a discrepancy between the assessment of violence risk 

and assessment of transferability from high secure settings, however further analysis 

examining this relationship is be needed, as it is not the focus of this thesis.  

Prediction of violence during admission 

Neither the final logistic regression model nor supplementary regression models 

suggested that cognition was a significant predictor of violence during admission.  

However, the initial model that included only schizophrenia and age accounted for 60% 

of the variance in violence during admission, whereas the addition of cognitive 

predictors in the second step increased this estimation to 76.6%, with correct 

classification of 78.6% of those who had committed a violent incident since 2004-5.  

However, none of the cognitive predictors or change scores emerged as statistically 

significant on their own.  Therefore, it did not appear that specific cognitive abilities 

significantly predicted those who did versus did not commit a violent offence during 

a 10-12 year follow-up over and above diagnosis and age. 

It is important to note, however, that it was only possible to code violence during 

admission as a dichotomous variable.  Therefore, the number of violent offences 

during admission or severity was unable to be determined, which leaves a large gap in 

the present analyses in terms of reliability.  It is possible that by considering the 
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number and severity of violent incidences, results would have been more specific and 

thus reliable.    

Prediction of level of security at follow-up 

Finally, the present study aimed to determine if baseline cognitive abilities or change 

in cognitive abilities significantly predicted the level of security a patient was subject 

to 10-12 years after baseline assessment.  Impulsivity and working memory both 

emerged as significant predictors of whether a patient was likely to be in community 

settings versus high secure settings at follow-up.  An interaction between age and 

impulsivity also emerged suggesting that the prediction of community versus high 

secure setting, based on impulsivity, was dependent upon age, such that those who are 

younger and more impulsive are more likely to be in high secure settings as compared 

to community settings.  In contrast, no variables significantly differentiated those in 

low secure versus high secure contexts, and working memory was the only predictor 

of those within medium secure versus high secure settings.  It is important to note that 

once bootstrapped, p-values were inflated and social cognition and auditory delayed 

memory emerged as predictive in multiple comparisons.   However, perseverations 

became non-significant, suggesting that these findings must be interpreted with 

caution.  

Similarly, increase in impulsivity and decrease in emotion recognition scores 

significantly differentiated whether a patient was in community versus high secure 

settings, and increase in impulsivity predicted whether a patient was in low versus high 

secure settings.  Finally, change in all cognitive variables, namely impulsivity, 

working memory, auditory delayed memory and recognition of negative emotions 

predicted if a patient ended up in medium versus high secure settings at follow-up.  

Again, these p-values only emerged as significant subsequent to bootstrapping 

techniques.  However, impulsivity was the only ability that was significantly worse in 

high as compared to medium secure patients, and all other abilities were significantly 

better in high secure patients.  Although this finding is unexpected, it is noted that the 

sample size of medium secure patients was significantly smaller than the sample size 

of high and low secure patients.  
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Due to a lack of statistical power, we were unable to examine if cognitive abilities 

significantly predicted patient level of security in only the individuals diagnosed with a 

schizophrenia spectrum disorder.  This would be something to consider for future research.  

Comparison to previous literature  

Prediction of violence: Risk assessment    

A number of interesting findings emerged from the present results that both converge with 

and contradict previous literature.  The prediction of risk assessment score using 

impulsivity and working memory has been seen previously.   Indeed, there is extensive 

literature linking impulsivity to aggression and violence, and impulsivity has emerged as 

a strong predictor of institutional aggression (Wang & Diamond, 1999; McDermott et al., 

2008) and community violence (Doyle et al., 2011) in mentally ill offender populations.  

However, the majority of the previous research examining cognition in relation to the 

HCR-20 only examined correlations between, as opposed to the predictive ability of, 

cognitive scores.  The present results are similar to those of Murphy (2007), that also found 

working memory to be significantly associated with the risk subscale on the HCR-20.  This 

was one of the only findings examining working memory in relation to risk assessment in 

mentally ill offenders, highlighting the apparent gap in literature.  Murphy (2007) also 

found executive functioning, as measured by the TMT-B, to be associated with the risk 

subscale. The measure of executive functioning utilized for the present analysis was 

problem solving specific, whereas the TMT-B is a measure of set-shifting.  Therefore, 

perhaps the way in which executive functioning relates to risk is specific to sub-

components, and therefore should be considered separately.  

When examining the separate components of the HCR-20, impulsivity emerged as one of 

three items that best predicted verbal aggression in a UK-based mentally ill offender 

service sample, alongside non-compliance with medication and negative attitudes 

(Gunenc, O’Shea & Dickens, 2015).  Therefore, although the HCR-20 only shows modest 

effect sizes in prediction of violence and aggression, perhaps certain items, such as 

impulsivity, account for the majority of the variance of prediction.  This hypothesis has 

been previously proposed (McDermott et al., 2008).  Within forensic inpatient settings, 

the predictive ability of the HCR-20 has ranged from poor (AUC = .50; Vojt et al., 2013; 

Nicholls et al., 2004) to moderate-good (AUC = .83; Gray et al., 2003; ACU = .73, De 

Vries Robbé et al., 2016).  Our results suggest that schizophrenia, age and impulsivity 
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combined predict inpatient violent incidents at a similar rate as the HCR-20, with a 

moderate predictive ability.  However, we cannot ignore that the effects of impulsivity 

were diluted once other cognitive variables were added into the equation, suggested an 

overlap of variance that cannot be ignored and requires further examination.  

Prediction of violence: Security 

Contrary to what was hypothesized, cognitive variables did not predict days spent in high 

secure hospital.  However, the relative timing of this thesis may have skewed these results, 

as the hospital was re-built between 2008-2011 to accommodate less patients, and multiple 

medium secure units were built to accommodate those who no longer needed high secure 

care in Scotland.  As a result, those who were eligible for discharge at the time of medium 

secure hospitals opening were likely to all have been discharged simultaneously, 

regardless of how long they had been ready to move to medium secure hospitals.    

As such, it is probable that the level of security at follow-up was a more reliable measure 

relating to discharge.  This variable speaks to violence in that those who are less violent 

are, theoretically, more likely to be discharged to lower levels of security.  The trend of 

transfer out with high secure settings is similar internationally, in that rehabilitation 

typically occurs by progressively transferring patients from high to low secure settings 

prior to discharge into the community. 

It was expected that results regarding prediction of current level of security would mirror 

the results of which cognitive abilities contributed to the prediction of HCR-20, since 

structured professional judgement violence risk assessment tools are shown to be useful 

in decision making about patient transfer from higher to lower levels of security (Dolan & 

Blattner, 2010).  As expected, the present results suggested that both working memory and 

impulsivity did emerge as predictors of level of security.   

Level of security was the only variable for which change in cognition significantly 

emerged as a predictor – namely improvement in impulsivity and negative recognition of 

emotion predicted if a patient was more likely to be in community versus high secure 

settings.  This is in line with research highlighting the importance of social cognition and 

violence (O’Reilly et al., 2015; Burgman et al., 2016).  It was also found that decline across 

impulsivity, working memory, auditory delayed memory and recognition of emotion were 

all significant predictors of high versus medium secure settings.  This is an unexpected 

finding given that there were no differences between medium and high secure settings 
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regarding baseline scores.  It is possible that perceived improvement in cognition 

contributes to transfer, or alternatively acts as a mediator towards other factors that 

influence transfer such as treatment success. 

Prediction of violence: Violence during admission    

The majority of research examining the relationship between violence and cognition 

operationally defines violence as historical violent behavior, often based on arrests or 

convictions.  This definition is criticized for being unreliable, as many mentally ill 

offenders who commit violent incidents within inpatient settings will not be criminally 

convicted, resulting in an underreporting of violence.  Through our previously literature 

review, only four studies were found that prospectively examined the impact of cognition 

on violent incidents in mentally ill offenders.   

The link between impulsivity and violent incidents or behaviours has been previously 

confirmed (McDermott et al., 2008).  However, Vojt and colleagues (2013) did not find 

there to be predictive ability of impulsivity, using the Barrat impulsivity scale, towards 

violent incidents in the State Hospital.  Although this study differed from the present study 

in that they employed a self-report measure of impulsivity and had a much shorter average 

length of follow-up, the present results similarly did not suggest that impulsivity is 

predictive of violent incidents within a similar population. 

Contrary to the findings of this thesis, O’Reilly and colleagues (2015) found that 

neurocognition and social cognition did predict violent incidents such that it accounted for 

34% of the variance in violent incidents after controlling for demographic variables.  

However, the relationship between neurocognition and violent incidents was mediated by 

social cognition, social functioning and violence proneness (HCR-20 total score). The 

authors suggested that neurocognitive variables might act as distal risk factors, whereas 

social cognition may act as a proximal risk factor.  Although the definition of violent 

incidents was coded as reactive or instrumental, all incidents that occurred in the 12-month 

study period were reactive and violence was therefore coded as dichotomous, similar to 

the present study, and based on similar methodologies (incident reporting forms, clinical 

notes, nursing notes).     

However, the present study employed different measures of social cognition than O’Reilly 

et al.’s study, which quantify different components of social cognition – namely facial 

expression recognition versus management of emotions – possibly accounting for the 
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differences seen.  Burgman and colleagues (2016) examined facial expression recognition 

using a comparable measure to the present study and did find outcomes to be associated 

with aggression, specifically difficulty in recognizing sad and happy faces predicted verbal 

aggression and difficulty in recognizing angry faces predicted property aggression.  They 

also found that physical aggression was predicted by decreased response inhibition or, in 

other words, impulsivity, which was not evidenced in the present study.  It is important to 

note that both of these studies had significantly greater sample sizes then the present study, 

however they examined outcomes over a much shorter period of time (12 months).  Indeed, 

previous research in the state hospital has shown vast differences in annual recorded 

incident rates and re-convictions based on length of follow-up (Thompson et al., 1999; 

Vojt et al. 2013; Allen & Thomson, 2000). 

Foster, Hillbrand, & Silverstein (1993) also found that frequency of aggression can be 

predicted using social cognition, specifically the emotion perception test, however they 

further suggested that certain measures of cognitive flexibility are predictive as well.  

Although this study had a significantly smaller sample that was similar to ours, it was also 

conducted over only a 12-month period.  Another significant difference between these 

three studies and the present study is patient status – namely inpatient versus outpatient.  

All three of these studies provided analysis solely for inpatient samples, whereas the 

present sample also included community patients, which may have skewed the present 

results in terms of number of violent incidents and severity of cognitive deficits.  Indeed, 

decreased frequency of violent incidents are expected in community and low secure patient 

samples. 

Definitions of violence  

The operationalization of violence greatly varies across studies, including definitions 

based on violence risk assessment scores (i.e., VRAG, HCR-20), violent behavior, 

aggressive behavior, historic violence, criminal convictions, criminal behavior, self-report 

aggressive tendency measures, and/or a variety of these variables combined.  Scores are 

often coded as dichotomous, however certain definitions (i.e, HCR-20) make it easier for 

quantification to be based on a continuum.   

When examining results based on the definition of violence in mentally ill offender 

populations, those examining inpatient violent incidents found there to be some predictive 

value of cognition, specifically based on social cognition, with weaker evidence for 
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impulsivity and executive functioning.  When defining violence based on arrests, the 

majority of studies found no relationship with cognition (Dinn et al., 2009; Lafayette et 

al., 2003; Nussbaum, Choudhry & Martin-Doto, 1996) in three North America Samples.  

However, when comparing violent versus non-violent offenders based on offence history, 

studies suggested higher impulsivity (Deu, 1998), lower global cognition (Young, Justice 

& Erdberg, 1999) and lower abstract reasoning skills (Barkataki et al., 2005) in two UK- 

and one USA-based populations of mentally ill offenders.  These results do highlight that 

there may be cultural differences, as both UK samples found differences in cognition 

whereas three of four USA-based studies found no differences.  Indeed, legislation and 

hospital settings are culturally- and politically-dependent.  

These results emphasize the large variation in violence definitions employed throughout 

the literature, yet no consistency according to how cognition relates to violence based upon 

these definitions.  Therefore, the present results must also be interpreted with caution 

based on operational definition(s) of violence and how they were coded (i.e, as continuous 

versus categorical variables).  However, a positive component of the present study is that 

a multitude of violent outcomes were examined, including the most common, namely 

HCR-20 scores and violent incidents.  Furthermore, days spent in the state hospital and 

prediction of level of security based on baseline cognitive scores were also examined, 

adding to the scope of the examination of violence.  Nonetheless, depicting which 

definition(s) provides the most robust measure of violence is indeterminate, and therefore 

it is not conceivable to provide a concise conclusion as to if and how cognition may have 

impact on violence, but rather a suggestion that it is probable.  

Clinical relevance  

The prediction, management and reduction of violent behavior are some of, if not the most, 

pivotal goals in forensic psychiatric care.  Risk assessment tools, although having greatly 

improved in accuracy since development, still demonstrate only moderate effect sizes in 

the prediction of violence and antisocial behaviours across a wide range of samples (Fazel 

et al., 2012).  A more recent study in the State Hospital highlighted the lack of predictive 

ability of structured professional judgement tools, including the HCR-20, for violence 

outcomes within and out with the State Hospital (Vojt et al., 2013).  However, contrasting 

results suggest that the HCR-20 is indeed predictive of violent reconviction (Gray, Taylor 
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& Snowden, 2008) and re-admission to higher levels of security (Dolan & Blattner, 2010) 

in the United Kingdom.   

The clear inconsistency of findings regarding the predictive validity of the HCR-20, the 

current gold-standard tool for assessment of violence, highlights the need to determine risk 

factors for violence that bolster the ability to assess risk. The present results highlight two 

cognitive abilities that interventions should consider targeting and treating – namely 

working memory and impulsivity.  Although impulsivity is a known predictor of risk, there 

is a scarcity of literature examining working memory and these results highlight the need 

for further examination.  It is plausible that working memory, impulsivity and 

demographics have a similar predictive validity to the HCR-20, however further 

examination is needed to confirm this.  Social cognition also emerged as a possible 

predictor of violence-related outcomes, however significance was reached for only one of 

our operational definitions of violence.       

If the present results stand true in other populations, employing cognitive-based 

interventions targeting impulsiveness and working memory is pivotal in the management, 

or prevention, of violence.  As these two abilities are known to decline over time, and both 

abilities are predictive of risk-related outcomes, there is a clear argument that treatments 

should be aiming to improve deficit, or act as a preventative measure to inhibit decline.   

Limitations 

Although the present findings emphasize the relationship between cognition and risk, there 

are multiple limitations that may have impacted these results or, in some cases, lack thereof.  

Firstly, only one type of risk assessment was examined based on available data, whereas 

examination of sexual violence risk may have presented separate results.  As such, these 

findings are only relevant to non-sexual risk of violence.   

Secondly, the accuracy of risk assessments is heavily debated.  It could be the case that, 

although the present results predicted HCR-20 scores, HCR-20 scores may not in fact 

relate to violence as robustly as hoped.  Indeed, the current assessment of the accuracy of 

risk assessments within mentally ill offenders is a limitation of its own, given that 

methodologically randomized controlled trials are ethnically impossible (Litwack, 2001).  

The use of receiver operating curves (ROCs), which are often used to assess the predictive 

abilities of risk assessment tools, present flaws that can result in an overestimation of tool 

accuracy (Szmukler, Everitt & Leese, 2012). 
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Thirdly, not including personality disorder as a predictor of violence may be viewed as a 

limitation of the present analyses.  Although it is acknowledged that personality disorders 

are associated with violence (REF), within the present population there was an extremely 

high rate of overlap between schizophrenia spectrum disorder diagnoses and personality 

disorder diagnoses.  More specifically, 70.34% of individuals have a primary or secondary 

diagnosis of a personality disorder, and 79.59% had a primary or secondary diagnosis of 

a schizophrenia spectrum disorder.  Indeed, prior research has suggested that there are 

high rates of psychological overlap and underlying predictors between personality 

disorders and schizophrenia (Woods et al., 2009, cited in Schroeder et al., 2012), and 

correlations between schizophrenia spectrum disorder psychopathology and maladaptive 

personality traits have shown small to medium effect sizes (Schroeder et al., 2012).  Due 

to the likely shared variance, personality disorder was not included in analyses.     

A further limitation is the impact of different contexts on incident recording.  While we 

employed a single outcome measure of violent incidents, the ways in which the incidents 

were recorded in case-notes and recording systems differed between contexts and it is 

possible that this limited the reliability of our data.  Indeed, psychiatric hospitals have 

diverse incident recording systems and, although the high and medium secure units in the 

present study have implemented a central recording system (DATIX), this system has had 

a less successful uptake in low secure settings and is not utilized in community settings.  

Furthermore, the definition as to what constitutes an incident, and how often these 

incidents are recorded, is also context-dependent.     

A further limitation is the availability of data within case-notes.  There was vastly different 

information available based on patient context, history of care, and age range.  Therefore, 

the validity and consistency of data drawn from case-notes is limited by the validity and 

consistency of the case-notes themselves.  Indeed, incomplete HCR-20’s were common, 

however adjusted scores were computed, based on the data available, to increase 

consistency 

Summary  

The present results highlight the longitudinal predictive ability of baseline impulsivity and 

working memory on measures of risk-related outcomes, specifically the HCR-20 scores 

and level of security.  Change in impulsivity and social cognition also moderately 

predicted level of security at follow-up.  Cognition was not found to be predictive of 
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violent incidents or days spent in a high secure hospital.  Although these results have 

clinical implications, the inconsistency of data reported, overlap in variance between 

cognitive variables and the likely under-estimate of violent incidents may have skewed 

outcomes, and therefore results should be interpreted with these limitations in mind. 
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9.5. Discussion: Comorbidities as risk factors for violence throughout 

the Forensic Network in Scotland 

As discussed previously, there is currently a scarcity of literature examining the long-term 

outcomes of head injury and violence in mentally ill offender populations.  The present 

study aimed to examine the cross-sectional impact of head injury, substance misuse, 

alcohol misuse and schizophrenia on risk of violence and self-harm in patients within the 

forensic network in Scotland who did not have a diagnosed learning disability.  The 

present results imply that all four factors have an effect on violence, with head injury 

emerging as the most significant.  It was also concluded that alcohol misuse, drug misuse 

and schizophrenia all had an effect on self-harm, however head injury did not.   

Main Findings 

Demographic data: National sample  

The mean age of the national sample was 44.47 (SD = 11.65) which is slightly, but not 

dramatically, older than seen in previous research of mentally ill offenders (Barkataki et 

al., 2005; Murphy, 2007; Fullam & Dollan, 2008).  Interestingly, this is only slightly 

younger than the mean age of the follow-up sample (49.8 years), suggesting the population 

age has slightly increased over the past 10-12 years.   In contrast to the follow-up study, 

there was a greater level of education within the national sample, with only 203 individuals 

having no educational qualifications.  In comparison to previous studies that included both 

genders, the present sample had a mid-range female to male ratio (O’Reilly et al., 2015; 

Bass & Nussbaum, 2010).   

The most common primary psychiatric diagnosis in the national sample was schizophrenia 

(70.4%), which mirrored the follow-up study sample as well as previous literature.  There 

were similar rates of physical abuse during childhood between both study samples (35% 

versus 40.2%), however fairly different rates of sexual abuse, in that the national sample 

had significantly lower rates (22%) as compared to the follow-up study sample (44%), 

reflecting greater needs.  However, the follow-up study had significantly less missing 

adverse childhood event data (4.08%) than the national sample (13.7-15.7%).  This is not 

surprising given that adverse childhood event data collected for the follow-up sample was 

collected from multiple sources, including the FCN, whereas the national sample data was 

only collected from the FCN.  Therefore, it is likely that the prevalence of adverse 

childhood experiences reported in the follow-up sample is more accurate, however only 
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generalizable to a sample of MIO’s who have previously been or currently are in high 

secure care.  

The most common type of offence committed was serious assault (n=65, 21.2%), similar 

to the follow-up study, however there were much greater rates of attempted murder (n= 

42, 13.7%), culpable homicide (n=35, 11.4%) and murder (n=31, 10.1%) within the 

national sample.  This suggests a slightly more violent cohort as compared to the follow-

up study, if violence is operationalized via historic variables.  However, prevalence rates 

of violence during admission between the two cohorts is remarkably similar (47% versus 

42.4%).   

Finally, the mean HCR-20 scores for the present study and the follow-up study were 

almost identical, with an average score of 25.7 in the follow-up sample as compared to 

27.55 within the present cohort.  These rates are slightly higher than those seen within 

previous research in mentally ill offenders (Murphy, 2007; O’Reilly et al., 2015), however 

direct comparison using the HCR-20 is difficult due to cross-culture and service 

variabilities.  Although the follow-up sample and national sample will differ, as the follow-

up sample was comprised entirely of individuals who had been in high secure whereas 

many of those within the national sample will have never been in higher levels of security, 

the demographic similarities between the national and follow-up sample emphasize the 

representative nature of the follow-up sample.  

Prevalence of head Injury, substance & alcohol misuse  

A total of 72.69% individuals from the current sample had a history of alcohol misuse, the 

majority of which had a history of harmful use (n = 213; 68%).  There was a similar 

prevalence of drug misuse (74.54%).  The prevalence of head injury was significantly less 

than what has been seen in other contexts, such as prison settings (Shiroma, Ferguson & 

Pickelsimer, 2010), with only 47 (10.9%) individuals having a documented head injury.  

The majority of these individuals had a historic head injury, and only four had a head 

injury within the past year.  

When examining rates of head injury within mentally ill offenders within the UK, Hawley 

and Maden (2003) found a significantly increased rate of head injury in their population 

(41.6%) as compared to ours, however they were similarly unable to determine the age at 

which head injury occurred for a large portion of individuals.  Of the 47 patients with a 

documented head injury, they were unable to determine when injury occurred in 40.4% of 
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the cases. Interestingly, approximately one third (n=140; 32.41%) of the individuals had a 

record of brain scans, suggesting that recording of brain injury is not a current priority 

within forensic systems. 

The impact on violence-related outcomes 

Head injury had a significant impact on violence proneness (HCR-20 total scores) and 

violence during admission over and above alcohol misuse, drug misuse, and a diagnosis 

of schizophrenia.  Although head injury also had a significant impact on the history of 

violence (total violent offences), drug misuse and the interaction between schizophrenia 

and alcohol misuse had a more significant effect.  It is also plausible that involvement in 

historic violence could have led to head injury rather than head injury causing violent 

history, however we were unable to determine if head injury premediated violent history 

or vice versa. Nonetheless, these findings support the hypothesis that head injury 

contributes to violence-related outcomes in mentally ill offenders across a wide range of 

different levels of security throughout Scotland.  Furthermore, it appears that drug and 

alcohol misuse contribute more to the prediction of violence history than to current 

violence.  The presence of alcohol and drug misuse were recorded as historical variables, 

and therefore it can be suggested that the effects on violence may be immediate as opposed 

to long-term.  Furthermore, limited access to drugs and alcohol will impact on the 

relevance of these variables for violence during admission.  

The Impact on self-harm 

In contrast to what was hypothesized, individuals with a head injury were not found to be 

significantly more likely to have a current or historic episode of self-harm as compared to 

individuals who did not have a documented head injury.  However, drug misuse, alcohol 

misuse, and a diagnosis of schizophrenia all had a significant impact on whether or not an 

individual had a historic or current episode of self-harm.  Specifically, those with a history 

of self-harm were more likely to have a diagnosis of schizophrenia and previous alcohol 

misuse, and those with a current self-harm episode were more likely to have a diagnosis 

of schizophrenia and a historic drug misuse. 
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Comparison to previous literature  

Head injury  

The prevalence of head injury in the present national cohort study is significantly lower 

than expected, which may be a result of the known underreport of head injuries as opposed 

to a true lower rate of head injuries.  Within offender populations, Shiroma, Ferguson & 

Pickelsimer (2010) found an overall estimated prevalence of 60.25% across 20 studies, 

and prevalence rates within populations with dually diagnosed substance abuse and severe 

mental illness has been shown to be even higher at 72% (Corrigan & Deutschle, 2008). At 

10.9% prevalence, the present study yielded a substantially lower frequency.  However, 

Easden & Sakdalan (2015), found only a slightly higher rate (15%) of TBI than the present 

study in a sample of 120 forensic mental health inpatients in New Zealand.   Despite the 

lack of head injuries, the present results still evidenced an effect of head injury on 

violence-related outcomes, suggesting the effects seen are likely to be conservative, and 

perhaps could be further strengthened with more rigorous reporting of head injuries.  

There is a paucity of research examining the impacts of head injury on violence and self-

harm in mentally ill offenders, despite the direct impacts of these factors in other 

populations.   Those that have examined violence and head injury conclude that there is a 

strong association between increased aggression and antisocial behaviours (Brower & 

Price, 2001) and increased risk of violent crime longitudinally (Fazel et al., 2011) in 

offending populations.  The current results support these findings and further suggest there 

to be a strong effect of head injury on violence in mentally ill offenders.   

It is possible that head injury acts as a distal factor to more proximal factors, which may 

be suggestive as to why head injury has not gained increasing levels of focus in forensic 

psychiatric care. More specifically, it may be that the changes in personality and cognition 

resulting from head injury, such as lack of foresight, inability to plan and conceive 

consequences of actions and decreased inhibition, that directly impact violent behavior 

(McMillian, 2010), are the primary areas of focus. However, if it is head injury that 

precedes factors that link to violence, a presence of injury can aid in determining whom 

requires the most attention in terms of prevention and management of risk. The present 

results emphasize the need for more robust reporting and monitoring of head injury, given 

that it directly relates to violence in an area of health care where management and 

prevention of violence is absolutely essential.  However, in contrast to Hawley & 
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Madden’s (2003) findings, head injury was not found to have a significant impact on risk 

of harm to self, but rather only risk of harm to others.   

Substance and alcohol misuse  

Evidence regarding the link between substance and alcohol misuse and violence is 

extensive, whereby presence of a substance misuse comorbidity, or intoxication on its own, 

significantly increases the number of violent reconvictions (Lund et al., 2013), recidivism 

(Manguno-Mire et al., 2014; Golenkov, Large & Nielssen, 2013) and assessed risk of 

violence (Esbec & Echeburua, 2010).  The present results significantly contrasted those 

found within previous literature, in that alcohol misuse was not found to have a significant 

effect on violence-related outcomes in the overall model, and although drug misuse did, 

follow-up analyses revealed this was only the case for historic violence variables.  This is 

possibly attributable the limited access to substances and alcohol during admission.  

When examining the interaction between comorbidities, there was not a significant effect 

of dual diagnoses of schizophrenia and alcohol or drug misuse on violence risk factors.  

This finding also contradicts previous meta-analytic results that suggest that the increased 

risk of violence associated with schizophrenia and psychosis appears to be mediated by 

substance abuse comorbidities (Fazel et al., 2009).  However, a significant schizophrenia 

and alcohol misuse interaction was found when separate, follow-up ANOVAs were 

conducted, but this effect was over-ridden by the stand-alone effects of head injury and 

drug misuse, suggesting head injury and drug misuse alone to be greater predictors than 

comorbid schizophrenia and alcohol misuse.  

Results did suggest, however, there to be a link between alcohol misuse, drug misuse, 

schizophrenia and self-harm.  This is in line with previous literature suggesting an 

increased risk of self-harm in schizophrenia in both men and women, with comorbid 

substance abuse significantly increasing this risk (Tidemalm et al., 2008; Nordentoft, 

Mortensen & Pedersen, 2011). Furthermore, a multisite, UK-based study found that 

alcohol was involved in over half of assessed self-harm episodes (Hawton et al., 2007).  

Context of the forensic network  

Currently there is little provision for head injury within forensic psychiatric settings, 

despite the clear link between head injury and adverse individual and service-level 

outcomes. Perhaps the reason for lack of provision is that there currently only exists one 
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study in the UK that examines head injury in mentally ill offenders. Hawley and Maden 

(2003) found that violent offences were more common in head injury patients as compared 

to non-head injury patients, with greater risks of violence and self-harm, and were rated 

as more difficult to discharge as compared to non-head injury patients.  These results 

clearly highlight the impacts head injury had on management and treatment of mentally 

ill offenders and called for further examination of the incidence of head injury amongst 

mentally ill offenders.  However, there have been no studies that have examined head 

injury in MIO’s in the United Kingdom since.  

Brain injury patients in mental health care settings need special care (van Heugten et al., 

2013), however this actually does not seem to be provided.  In order to provide effective 

care, there must first be a consistent method for recording the presence and severity of 

head injury.  The current results, alongside Hawley and Maden’s, emphasize the 

importance of both: (a) recording and measuring head injury within forensic psychiatric 

services, and; (b) including head injury in the assessment and management of risk.   

Limitations  

Although sample size was not a limitation, the groups in which individuals within the 

sample were placed (i.e., head injury versus no head injury) is likely to be biased.  Indeed, 

many head injuries go unreported due to discrepancies of what operationally defines a 

head injury.  Furthermore, the way in which head injury was recorded is often based upon 

self-report, as opposed to brain scanning, which would be considered the gold-standard 

measure.  There was a dearth of clinical notes that had reported brain scan history, and 

even fewer had reported conclusive results, similar to what was found in Hawley and 

Maden’s (2003) study.  Based on availability of data, the rates of head injury reported are 

likely to be significantly under-estimated.  

The timing or severity of head injury, substance or alcohol misuse was not determinable, 

which disables us from determining if these factors predated violence or vice versa.  

Examination of the mechanism by which head injury, substance misuse or alcohol misuse 

affected violence outcomes, such as impulsivity or increased aggression, was also not 

possible.  This is something to bear in mind for future research examining head injury in 

offender populations.  
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Summary  

In summation, mentally ill offenders with a history of head injury are significantly more 

likely to be violent during admission and have a higher assessed risk for violence than 

those without a head injury, over and above any other risk factor.  A diagnosis of 

schizophrenia, history of drug misuse or history of alcohol misuse had significant effects 

on historic violence as well as episodes of self-harm.  The present results highlight the 

importance of examining, managing and treating head injury in forensic psychiatric 

populations, and emphasize the need for further research in this area.  
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CHAPTER 10 

General Discussion and Conclusion   
 
Cognitive deficits have extensive and pervasive impacts on functional, clinical and risk-

related outcomes in forensic psychiatric populations.  However, the assessment, 

management and prediction of violence risk, which is a foundation of forensic psychiatric 

practice, does not include any cognitive factors, apart from impulsivity, and there is a 

scarcity of knowledge as to how brain degenerative comorbidities may have impact on 

violence.  As of late, the predictive power of gold standard structural professional 

judgement tools that assess risk of violence have been doubted, resulting in researchers 

altering their focus towards examination of factors that may aid in the prediction of risk.  

There is currently no examination, to our knowledge, of the longitudinal course of 

cognition in mentally ill offenders and how this longitudinal course may influence risk of 

violence.  This poses a significant issue, as mentally ill offenders are subject to a wide 

range of factors, both clinically and historically, that predispose them to increased risk for 

cognitive impairment and violence.   

The present study aimed to examine the longitudinal course of cognition in a cohort of 

mentally ill offenders who had previously been within high secure settings in 2004-5, as 

well as examine the contribution of cognitive variables in the prediction of violence 

proneness, violent incidents and patient level of security over a 10-12-year period.  Further, 

in order to gain a better understanding of how certain comorbidities that have impact on 

cognition relate to violence, this thesis explored the prevalence of head injury, substance 

misuse and alcohol misuse within the entire forensic network and the associated impacts 

on violence-related outcomes.  

10.1 Main findings   

Baseline cognition and rates of violence  

 
The samples included in this thesis showed similar rates of adverse childhood events, 

employment history, education levels and psychiatric diagnoses to samples included in 

previous literature.  Rates of comorbid substance misuse and alcohol misuse were also 

similar, however the present sample had a significantly lower prevalence of head injury 

than seen within prisoner samples (Shiroma, Ferguson & Pickelsimer, 2010).  Individuals 

within the follow-up sample had lower rates of convicted homicide, murder and attempted 
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murder than seen in other studies examining mentally ill offenders (Barkataki et al., 2005) 

and the national sample, however both samples included in this thesis had relatively higher 

ratings of violence risk (HCR-20) as compared to previous literature (O’Reilly et al., 2015; 

Murphy, 2007).  More specifically, the present samples had similar clinical scores, but 

higher historical and risk scores as recorded in O’Reilly et al.’s (2015) sample.   

It is important to note that for both study samples there was moderate proportion of 

missing data, with a trend suggesting those in contexts with lower levels of security were 

less likely to have comprehensive case-note records than those in contexts with higher 

levels of security.  Nonetheless, this is common in forensic psychiatric research. Therefore, 

apart from slightly higher ratings of violence, the present sample appears to be 

descriptively comparable to other samples within and out with the UK. 

The mean baseline cognitive scores of the follow-up sample are significantly poorer than 

scores seen in studies examining cognitive trajectories in schizophrenia, particularly on 

measures of problem solving (Braw et al., 2013), sustained attention (Braw et al., 2013), 

verbal intelligence (Hoff et al., 2005; Kurtz et al., 2005), performance intelligence (Gold 

et al., 1999; Kurtz et al., 2005) and full scale intelligence (Kubota et al., 2015; Hedman et 

al., 2012; Kurtz et al., 2005; Barder et al., 2015; van Winkel et al., 2007).   Based on these 

differences, it can be speculated that the cognitive profiles and trajectories of mentally ill 

offenders do not mimic cognitive profiles seen within a diagnosis of schizophrenia.  Indeed, 

the present study baseline cognitive profiles were found to be much more similar to 

cognitive profiles evidenced in other studies examining cognition in mentally ill offenders 

on measures of intelligence (Barkataki et al., 2005; Murphy, 2007; Fullam & Dollan 2008).  

Baseline measures of working memory, verbal learning and visual learning found within 

the present study were slightly, but not extensively, higher than that seen in O’Reilly and 

colleagues (2015) study.  Therefore, in terms of cognition, the present study results are 

likely to be generalizable to mentally ill offender populations out with Scotland, but not 

to populations solely examining a diagnosis of schizophrenia.  

Cognition is dynamic  

The findings of the present study indicate that cognitive abilities may change over time in 

mentally ill offenders, and that these changes are ability dependent.  Working memory, 

auditory delayed memory, impulsivity and inattention all significantly deteriorated over a 

10-12-year period.  Although previous literature suggested a possibility of decline, this is 
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the first study to provide evidence that, indeed, cognition is dynamic and declines are 

present, although ability specific, longitudinally.  Furthermore, it was also found that 

processing speed and problem solving abilities significantly increased over time and that 

verbal comprehension and visual delayed memory remained stable.   

The present results suggest that mentally ill offenders may exhibit a neurodegenerative 

course of cognition specific to working memory, auditory delayed memory, inattention 

and impulsivity, such that worsening of abilities are evident over time.  Although the 

debate as to if schizophrenia is neurodevelopmental or neurodegenerative in nature has 

been longstanding (Rund, 2009), there has been minimal consideration as to if mentally 

ill offenders exhibit similar neurodevelopment or neurodegeneration patterns over time.  

This is in part attributable to the common perception that a primary psychiatric diagnosis 

influences cognitive trajectories over and above other variables, whereas the present 

findings suggest that this is not the case.   Indeed, mentally ill offenders often exhibit a 

complex combination of adverse historic events, comorbid diagnoses, and longitudinal 

polypharmacy regimes that are likely to have longitudinal impact on cognitive outcomes.  

Nevertheless, none of the cognitive trajectories were found to be mediated by presence of 

substance misuse, alcohol misuse, head injury or a diagnosis of schizophrenia.  However, 

there is a lack of robust reporting of head injury within the present population, which may 

have prevented accurate representation of associations in such a small sample.  The present 

findings also highlight the different courses of cognition seen within a diagnosis of 

schizophrenia versus mentally ill offenders.  A question that remains unanswered is why 

these declines are present in mentally ill offenders, when they do not appear to be present 

in schizophrenia.  It is possible that historic factors, such as increased prevalence of 

adverse childhood events, may influence declines later in life, or that our sample was 

simply too small to produce significant results regarding the impact of comorbidities.   

Contrary to what was hypothesized, the present results also suggested that certain abilities, 

namely processing speed and problem solving, evidence a neurodevelopmental course 

over time, and verbal comprehension and visual delayed memory remain stable.  These 

findings suggest that cognitive abilities should not be viewed as a general ability, but rather 

be considered as separate constructs. Due to the wide between-ability variation of 

outcomes, it is apparent that general cognition cannot be viewed as developmental or 

degenerative, and examination of the overlap between groups of abilities that decline and 
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groups of abilities that increase is needed.  The current results emphasize the clear requisite 

for further examination of how and why cognition declines or improves in mentally ill 

offenders, and which abilities consistently evidence change.  

The prediction of violence 

The second aim of this thesis was to pinpoint cognitive and historical variables that 

contributed to the prediction of violence.   Impulsivity, working memory and the 

recognition of negative facial expressions all showed modest predictive ability towards 

violence based on our models. However, this relationship was dependent on how violence 

was operationally defined and none of our final models yielded f-change scores that were 

significant, suggesting not all cognitive variables that were entered into our final models 

significantly increased the amount of variance accounted for in violence-related outcomes.   

More specifically, although our final model predicting HCR-20 scores was significant, f-

change scores from models three through five were non-significant, and in the final model 

none of the variables emerged as individually significant predictors.  Therefore, the second 

model, which included baseline impulsivity, schizophrenia and age, was the only model 

that predicted significantly more variance in HCR-20 scores than the previous model, 

which only included schizophrenia and age as predictors.  It is important to note that we 

only get a significant effect of impulsivity if we ignore the shared variance, as seen in the 

final model, of other cognitive predictors.  Therefore, these findings require replication 

and further examination to infer a consistent relationship between impulsivity and the 

HCR-20.  

Nonetheless, secondary analyses suggested that impulsivity and schizophrenia were the 

greatest predictors of the clinical subscale from the HCR-20, whereas working memory 

was the greatest predictor of risk subscale.  Although there is extensive data linking 

impulsivity to violence proneness, this is one of the few studies to link working memory 

to violence in mentally ill offenders.   Similarly, baseline impulsivity and working memory 

as well as change in impulsivity and emotion recognition were found to be predictive of 

level of security at follow-up.  Indeed, social cognition has been shown to link to violence-

related outcomes previously, however change in impulsivity and emotion recognition has 

not.  These results highlight two abilities that appear to be linked to violence proneness 

and transfer, namely impulsivity and working memory, and suggest that social cognition 

may also have an effect.  However, cognitive variables were not found to be significantly 
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linked to violence during admission or days in the state hospital, suggesting the way in 

which violence is operationalized has an impact on results.  These findings emphasizing 

the need for a standardized definition of violence and further replication of results.  

Nonetheless, measures of working memory and impulsivity were not consistently 

predictive of all violence-related outcomes, and the shared variance between these 

predictors and other cognitive predictors was evident.  However, it could be the case that 

events/comorbidities that precede cognitive deficits are the underlying predictors of 

violence, suggesting that measures of cognition act as a proximal factors.  Indeed, 

previously studies that did not evidence extensive differences between violent and 

nonviolent groups did find associations between violent groups and comorbidities, 

including alcohol misuse and head injury (Dinn et al., 2009; Barkataki et al., 2005).  

Further, many deficits seen within violent populations are central to the frontal lobe 

dysfunction (Rasmussen, Levander & Sletvold, 1995), the brain area most commonly 

impacted by head injury and substance misuse and, therefore, examination of these 

comorbidities and brain region may be more significant than solely neurocognition. The 

second study conducted for the purpose of this thesis, which examined the larger forensic 

network cohort, supported this hypothesis.   

Furthermore, the present results suggest that head injury has a significant effect on 

violence above and beyond comorbid substance misuse, alcohol misuse and a diagnosis 

of schizophrenia.   More specifically, head injury was more predictive of violence 

proneness (HCR-20 score), and violence during admission than any other variable, and 

although drug misuse emerged as more predictive of historic violent offences, head injury 

still remained a significant predictor.  The prevalence of head injury in violent populations 

is supported, with meta-analytic examination highlighting the increased prevalence of TBI 

in incarcerated groups (Farrer & Hedges, 2011).  Examination of head injury in 15 adult 

prisoners and 14 juveniles sentenced to the death penalty in the USA found a 100% 

prevalence rate (Lewis et al., 1986; Lewis et al., 1988), emphasizing the severity of 

associated, though not casual, outcomes.  The results of the present study emphasize and 

confirm the impacts of head injury previously suggested, and highlight the associated 

impacts in mentally ill offenders specifically.  

A diagnosis of schizophrenia was only found to be predictive of violence when combined 

with alcohol misuse.  Similarly, meta-analytic findings have suggested a 6-fold increase 
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of risk for violent behavior in individuals diagnosed with schizophrenia (Fazel et al., 2009), 

with comorbid substance abuse exasperating this risk.  However, this study did not 

examine head injury.  It is possible that within the present population, presence of head 

injury overrode the impact of diagnosis on violence as seen in Fazel’s (2009) cohort. These 

results introduce the importance of recording head injury and the utility of head injury in 

the prediction of violence risk.  

10.2 Clinical implications  

This is the first known longitudinal study of cognition in mentally ill offenders.  In 

comparison to previous literature, the present study also has one of the longest durations 

of follow-up examining any outcome in mentally ill offenders. As such, these results have 

clinical implications that have not yet been justified by previous research.   

The present results suggest that cognition is dynamic and has impact on certain 

violence-related outcomes in mentally ill offenders.  If we can expect certain cognitive 

abilities that are likely to have impact on risk of violence to decline over time, 

examining and targeting these abilities in order to prevent decline and, hopefully, in 

turn prevent violence is essential.  Previous examination of violence within mentally 

ill offenders in Scotland suggests that reconvictions appear to increase over time, with 

reconviction rates increasing from 9% over a 31-month period (Vojt et al., 2013) to as 

high as 30% (19% violent offences) over 11.5-year period (Allen & Thomson, 2000).  

These findings undoubtedly highlight that there remain flaws in the assessment and 

management of risk where by almost one third of individuals who are discharged are 

likely to commit another offence within eleven years, and approximately two thirds of 

these individuals are likely to commit a violent offence.  Indeed, the predictive utility 

of the HCR-20 and other structural professional judgement tools most commonly used 

internationally have been questioned (Vojt et al., 2013).  The present results pinpoint 

factors that have not yet been greatly considered in relation to violence in mentally ill 

offenders that may increase the efficiency of assessment and management of risk, 

namely working memory and head injury.  

The present results also accentuate the importance of preventing cognitive decline in 

mentally ill offenders.  Although traditionally it was believed that anti-psychotic 

therapies improve cognitive impairment, the present study did not find this to be the 
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case, suggesting pharmaceutical therapies alone are not a sufficient treatment for 

cognitive impairment.  The utility of cognitive-based treatments, such as cognitive 

remediation, have been show to improve cognitive functioning, symptomology and 

psychosocial functioning in individuals diagnosed with schizophrenia (McGurk et al., 

2007; Wykes et al., 2011).  Furthermore, cognitive enhancement therapies can change 

brain networks activation pattern more towards a normalized pattern, and grey matter 

volume has been found to increase or remain stable throughout therapy, yielding a 

significant association with improved cognitive function at 2-year follow-up (Eack et 

al., 2010).  The present results highlight the relevance of implementing treatments such 

as these that elucidate cognitive impairment and prevent decline. Therefore, 

integration of cognitive remediation into forensic psychiatric services should be highly 

considered.    

Furthermore, neurocognitive deficit awareness in patients with schizophrenia is 

inconclusive.  It has been suggested by previous researchers that deficit awareness may 

help improve treatment adherence alongside willingness to participate in treatments 

targeting cognitive abilities (Balzan et al., 2013).  With that in mind, it may also be 

beneficial to raise patient awareness of the dynamic nature of certain cognitive abilities, 

thus providing evidence that change is possible.  

10.3 Limitations  

Methodological limitations  

The inconsistent findings related to the relationship between cognition and violence may 

be a result of several limitations.  The most prominent limitation is the size of the sample, 

which is a consequence of our inability to determine the location of a large portion (>25%) 

of participants.  Although the follow-up sample size was small, this is common within 

forensic psychiatric research due to the high rates of dropout, mortality and transfers seen 

within mentally ill offender samples.  In the sample for which locations were determined, 

the consent rate is relatively high in comparison to previous research.  However, there was 

a trend whereby patients in lower levels of security, particularly patients within the 

community, were less likely to provide consent, which may influence the contexts for 

which results are generalizable.   
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Secondly, the number of cognitive abilities that could be included in the analyses were 

limited, as inclusion of too many variables can have impact on error rates in small samples. 

Cognitive abilities were incorporated into analyses based on relevance to risk and 

proneness to decline, as suggested by previous literature.  However, the previous literature 

that was assessed had a large variation in methodological approaches and operational 

definitions of cognitive constructs and violence.  Therefore, it is possible that other 

abilities, had they been included, would have evidenced different cognitive trajectories 

than those analysed, and may have aided in the prediction of violence-related outcomes.  

Indeed, Murphy (2007) also found WAIS full scale IQ and processing speed to be 

significantly associated with violence risk processing in a sample of mentally ill offenders.  

As such, the addition of these variables, and others that have not yet been examined, could 

have altered our results.    

Although the cognitive assessment battery employed in this study was comprehensive and 

robust, cognitive assessment was conducted at both time points by a non-clinical 

researcher, which may have acted as a limitation due to an assumed lack of previous 

experience. Furthermore, neuropsychological assessments have inherent limitations, 

including the possibility of false responding and test-retest inadequacies.  Indeed, the 

accuracy of results of follow-up research depends on the assumption that the test-retest 

reliabilities of measures employed are sufficient.  Although the test-retest reliabilities of 

the majority of measures employed for the purpose of the present study are high, the 

CANTAB has shown to have less apparent test-retest reliability for subtests examining 

executive functioning, with evidence of significant practice effects (Lowe & Rabbitt, 

1998).  Nonetheless, the time between our original and follow-up assessments is lengthy 

enough to suggest that practice effects were highly unlikely. 

Furthermore, the sample included for the purpose of the follow-up study was entirely white 

British apart from one, and 100% of the cohort was male.  As a result, these results are 

limited to the generalizability they have across other ethnicities as well as for female 

mentally ill offenders. However, a lack of studies examining female mentally ill offenders 

is notable.  Finally, the present studies did not include healthy control or non-forensic 

psychiatric control groups, limiting our ability to compare the present results and cognitive 

change outcomes to results within healthy and/or non-forensic populations.  

 



273 
 

Theoretical limitations  

Impulsivity is already included as a risk factor for violence item on the HCR-20.  This can 

be viewed as a limitation in that it is possible that impulsivity as measured by the CPT 

actually was only predictive of the impulsivity item on the HCR-20, rather than violence 

risk as a whole.  However, this relationship has been acknowledged and considered 

throughout the present findings and analyses.   Impulsivity was entered in the first step of 

regression models and, therefore, any other abilities that would have emerged as 

significant would have been predictive of risk above and beyond impulsivity.  Additionally, 

including the HCR-20 as a measure of violence risk is debatable, as it has been shown to 

be inaccurate as a measure of violence risk in previous settings.  Nonetheless, studies have 

also highlighted utility of the HCR-20 for prediction of reconvictions (Gray, Taylor & 

Snowden, 2008) and readmission (Dolan & Blattner, 2010).  As such, concluding 

inefficiency within the present population is not yet warranted, but should be considered 

when interpreting results.   

There are conceptual limitations that accompany any study that examines latent variables.  

More specifically, the cognitive measures used in the present study were only able to 

produce observed variables that are believed to be underpinned by the ability of interest, 

reducing the strength of relationship between independent and dependant variables.  As a 

result, we cannot directly examine cognitive abilities and therefore our results cannot 

evidence causation, albeit there is no current way of measuring cognition without using 

latent variables. 

Finally, functional outcomes and symptomology were not included as primary outcome 

measures.  Cognition has been shown to relate to functional outcomes and symptomology, 

and alongside violence risk both factors are of great importance in forensic psychiatric 

practice.  Although it was originally planned to examine symptomology, availability of 

completed assessments of symptoms were scarce and context-specific.  As such, 

commenting on how symptoms or functional outcomes are impacted by cognitive abilities, 

or vice versa, is not possible, restricting the clinical utility of the present results.  It is 

recommended that future studies attempt to include symptomology as a covariate or 

outcome measure if appropriate, reliable measurement of symptomology are readily 

available.  
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Operational definitions  

The operational definitions of violence used for the purpose of this thesis, and how 

violence-related data was collected, may have also limited the generalizability of our 

results. Case-note data was collected from multiple sources, and the context in which a 

patient was currently residing had a major impact on the data available in their case-notes.  

However, we were able to draw data from multiple sources, which provides for a more 

comprehensive examination of historic variables.  Furthermore, despite real time 

recording by independent sources, using incident reporting as one of the violence 

outcomes may be a limitation in itself.  Indeed, quantifying severity of reported incidents 

is context-dependant.  

Furthermore, the dichotomous coding of both risk factors and presence of violent incidents 

limits the accuracy of our results.  More specifically, we were unable to determine number 

or severity of violent incidents or head injuries, both of which have implications for 

clinical practice.  The self-reporting of head injury within case-notes, which is the most 

common method for determining head injury for the purpose present study, may introduce 

error, as it is possible that injuries go unreported.    

Research versus clinical practice 

Although research conducted in clinical context is more likely to have ecological validity 

and often aims to enhance clinical practice, there are a number of factors that can prevent 

the transition from research to clinical practice.  Economic, patient interests, personal 

interests and power distribution all play a role into how research evidence is adopted into 

practice, suggesting integration is not straightforward.  Furthermore, decision making 

surrounding implementation of new, innovative ideas into clinical practice is highly 

dependent on the interests of the groups in power (Denis et al., 2002).    

Secondly, time requirements play a large role in the perceived feasibility and efficacy of 

health care innovations.  Although the neuropsychological battery employed was time-

consuming and costly, the present study did not evidence high rates of dropout as a result.  

However, we do acknowledge that the schedules of clinicians and health care workers are 

often over-stretched and that implementing routine neuropsychological assessments 

requires financial support that may not be available.  Nonetheless, the present results 

highlight the benefit of routine assessment as a compliment to risk assessment, for at least 
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a subset of the assessments employed, in order to develop the understanding of cognitive 

trajectories and the relationship between cognition and violence in mentally ill offenders.   

Finally, it is acknowledged that routine screening of head injury requires training and 

development or employment of a standardized tool.   However, even with a standardized 

tool the difficulty in accurate reporting of head injury is notable.  It can be suggested that 

cross-reference between forensic psychiatric services and National Records Scotland, 

although only available from 1980 onwards, is both time permitting and likely to increase 

accuracy of head injury reporting.  Given the importance of head injury in the prediction 

of risk that emerged from the present study, the benefits are likely greatly outweigh any 

associated costs.  

10.4 Conclusions  

Results of the present study suggest that the course of cognition in mentally ill offenders 

is dynamic.  Through follow-up assessment of cognitive abilities over a 10-12-year period, 

working memory, auditory delayed memory, impulsivity, inattention, processing speed 

and problem solving all were found to significantly change over time.  Further, certain 

cognitive abilities and comorbidities are predictive of violence risk, when violence risk is 

based on incident rates and violence risk assessment scores.  Measures of impulsivity, 

working memory and head injury were all shown to be predictive of violence-related 

outcomes.  However, the existing research examining the longitudinal course of cognition 

in mentally ill offenders is lacking, and the sample size of the current study is small.  As 

such, the present conclusions are tentative and need to be further explored.  Nonetheless, 

these findings hold promising clinical relevance for both individual- and service-level 

provisions and suggest that impulsivity, working memory and head injury may aid in the 

prediction, management and treatment of violence-risk. In order to increase understanding, 

further examination of head injury and factors that influence cognitive trajectories in 

mentally ill offenders is required.    

In conclusion, examining the cognitive profiles of mentally ill offenders holds clinical 

utility, and results highlight the unique trajectories of mentally ill offenders that are not 

evidenced in other populations.  Furthermore, head injury should be considered as a 

precursor and risk factor for violence in forensic psychiatric patients, alongside alcohol 

and substance misuse, particularly in the prediction of violence proneness and future 

violent incidents.    
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Recommendations for future research  

There are a number of recommendations that arise from the findings, or absence of 

findings, of the present thesis. There is a scarcity of research examining cognitive 

trajectories in mentally ill offenders, and although the present findings are promising, 

more examination is needed to confirm the abilities that are most likely to be dynamic.  

More specifically, studies examining longer-term cognitive trajectories (>5 years) are 

needed, as it appears that degree and direction of change are dependent on length of 

follow-up.  It is also suggested that future research examine the discrepancies between the 

current tools used to examine neurocognition in mentally ill offenders, and determine if 

these tools can hold clinical utility in forensic psychiatric practices.    

If replicating this study, or conducting longitudinal research in similar populations, it is 

suggested that a robust patient tracing strategy be pre-depicted.  More specifically, cross-

reference with national health services and records, as well as determining a method of 

tracing individuals through patient identifiers, is essential in order to ensure all patients 

are given the opportunity to participate.  Moreover, assessment of neuropsychological 

abilities at multiple time points between baseline and follow-up assessment would enable 

for examination as to when, and possibly how, changes in cognition occur.  It would also 

be beneficial to further examine the relationship between cognitive variables at multiple 

time points in order to assess the impact of shared variance.    

Furthermore, examining why certain abilities decline, and determining which factors 

precede decline, is required.  It is also suggested that future research incorporate the 

examination of functional outcomes and symptomology in relation to cognitive 

trajectories, in order to examine any potential mediation effects.  The inclusion of these 

variables should be pre-specified and assessed using a standardized tool as opposed to 

collected through case-notes, as case-notes do not reliably include sufficient records of 

either.   

Although the present results suggest preliminary associations between cognition and 

violence, larger-scale studies are needed.  With larger sample sizes, more robust statistical 

analysis techniques, such as multi-level modeling, would be feasible. In addition, a larger, 

multi-center cohort study would enable for controlling of confounding variables that occur 

prior to initial assessment, such as total length of stay.  It is also suggested that definitions 
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of violence used within current research require comparison in order to depict a 

standardized, operational definition to enable cross-research examination.  This would aid 

the prediction of violence and further our understanding as to why the rates of recidivism 

still remain so high within this population.   Examining the longitudinal impacts of head 

injury and cognition on additional assessments of risk, such as the Risk for Sexual 

Violence Protocol (RSVP, Hart et al., 2003) or Dynamic Appraisal Situational Appraisal 

– Inpatient Version (DASA-IV, Ogloff & Daffern, 2006), should also be considered. 

Finally, the accurate recording of head injury and further examination as to how head 

injury influences outcomes of patients within the Forensic Network is essential.  Currently, 

there is little consideration as to how and if head injury augments poor outcomes in 

mentally ill offenders. The present findings suggest that this is unwarranted, and that head 

injury should be considered just as, if not more, important in the assessment and 

management of risk than other comorbid diagnoses.  The present results also emphasize 

the need for a gold-standard, easily employed tool for measurement of presence, quantity 

and severity of head injury in mentally ill offenders.  Without accurate recording, the 

examination and treatment of head injury is inoperable.   
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Appendix 1: Description of studies included in the meta-analysis 

# Author 

(year) 

N at 

BL 

(FU)  

Pop. Mean 

Age 

(SD) 

FU 

perio

d 

(SD) 

HC (#)  Cognitive 

domains  

Cognitive 

measures  

1 Kenney et 

al., 2015 

36 

(23) 

FEP 23.3 

(8.6) 

4.3 

(.9) 

Yes 

(59) 

Speed of 

processing, 

attention/vigilanc

e, working 

memory, verbal 

learning, visual 

learning, 

reasoning and 

problem solving, 

social cognition  

MCCB (TMTA, 

BACS, Category 

Fluency: Animal 

Fluency, CPT-IP, 

WMS-III, WMS-

SS, LNS, HVLTR, 

BVMT-R, NAB: 

Mazes, MSCEIT: 

managing 

emotions) 

2 Barder et 

al., 2015 

213 

(89) 

FEP 28 

(9.5) 

10 No Intelligence WAIS-R (total, 

similarities, block 

design, digit span) 

4 Chang et 

al., 2014 

138 

(93) 

FES 18-55 3  No Memory, 

Executive 

functioning 

WMS-R (logical 

memory, visual 

reproduction), 

WAIS-R (digit 

span), category 

fluency: 

vocabulary, M-

WCST (category 

completion, 

category error)  

5 Barder et 

al., 2013 

213 

(43) 

PSY 18-65 10 No Verbal learning, 

motor speed, 

Executive 

functioning, 

Verbal fluency  

CLVT (total 

immediate recall, 

delay free, mean 

error), WCST 

(category, 

perseverative error, 

attempts), 

COWAT sum 

6 Rodrigue

z-Sanchez 

et al., 

2013 

150 

(150) 

FEP 28.8 

(9) 

5 Yes 

(35-42) 

Verbal memory, 

Executive 

functioning, 

visual memory, 

dexterity, 

attention, 

impulsivity 

RAVLT, TMT-B, 

WAIS (BD, digit 

span), ROCFT, 

grooved pegboard, 

CPT-DS, BTA 

7 Ayesa-

Arriola et 

al., 2013 

14-28 FEP 27.42 

(7.87) 

3 Yes (9-

41) 

Verbal memory, 

Executive 

functioning , 

visual memory, 

motor 

coordination, 

working 

memory, 

processing speed, 

attention, 

decision making 

RAVLT, ROCFT, 

grooved pegboard, 

TMTB, FAS, 

fluency test, WAIS 

(DB, digit span), 

CPT-DS, IGT 

8 Gonzalez-

Ortega et 

al., 2013 

26 

(26) 

FEP 25.77 

(7.46) 

5 No Executive 

functioning, 

working 

memory, 

learning and 

memory, verbal 

fluency, 

attention, 

WCST (errors, 

perseverative 

errors, conceptual 

response), 

STROOP (test 

inference, word, 

colour), TMT-B, 

TMT-A, FAS (F, 
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processing speed, 

abstract 

reasoning 

A, S, animals), 

WAIS (DS 

backwards, LNS, 

DS forwards, 

symbol code, 

similarities), WMS 

(logical memory, 

VPA, learning 

curve) 

9 Sanchez-

Torres et 

al., 2013 

34 

(34) 

Schizophre

nia 

Spectrum 

27.35 

(5.61) 

10 Yes 

(13) 

Executive 

functioning 

TMT-B, WCST 

(category, total 

error, perseverative 

error, concept 

response, fail to 

maintain set) 

1

0 

Chen et 

al., 2012 

34 

(34) 

FES 28.09 

(9.9) 

3 Yes 

(not 

reporte

d) 

Executive 

functioning 

HSCT part B 

(correct items, total 

error score, type A 

errors, type B 

errors), HSCT part 

1 (correct items), 

M-WCST 

(category 

completed, 

perseverative 

errors), MCT 

correct items  

1

2 

Leeson et 

al., 2009a 

262 

(104) 

FES 25.74 

(7.9) 

3  Yes 

(76 

(25)), 

shorter 

FU 

(129 

weeks) 

Executive 

functioning 

IDED CANTAB 

(simple 

discrimination/reve

rsal, compound 

descrim 1/2, 

compoundd 

reversal, 

intradimensional 

shift/reversal, 

extradimension 

shift/reversal 

1

3 

Leeson et 

al., 2009b 

54 

(54) 

FES 16-55 4 No Intelligence, 

recognition 

memory, 

working 

memory, 

executive 

functioning 

WAIS-R, 

CANTAB (PRM, 

SWM, Spatial 

Span, SOC, 

attentional set 

shift) 

1

4 

Ho et al., 

2007 

45 

(45) 

& 

74 

(74) 

SZ 26.4 2.96 

mea

n 

No Verbal memory, 

speed/attention, 

problem solving, 

language, 

visuospatial 

Index scores as 

derived from 27 

NP assessments 

not depicted   

1

5 

Liu et al., 

2006 

104 

(104) 

SZ?? 30.4 

(7) 

4.95 

(1.11

) 

No Attention CPT (d’, beta) 

1

6 

Burdick 

et al.., 

2006 

16 

(16) 

SZ 37.6, 

4.9 

5 No  Executive 

functioning, 

attention, 

memory 

Verbal fluency, 

Trails B, WCST 

(perseverative 

error), Trails A, 

List A (trial 1, total 

learn, short delay, 

long delay) 

1

7 

Harvey et 

al., 2006 

218 

(218) 

SZ 76.28 

(10.7

8) 

6 No Executive 

functioning, 

global cognition, 

verbal learning, 

MMSE, word list 

(total learning, 

recall saving), 

boston naming 
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visual learning, 

verbal fluency  

total, praxic 

drawing, animal 

naming, 

phonological 

fluency, WRAT-R 

reading 

1

8 

Hoff et 

al., 2005 

21 

(21) 

FES 37.9 

(5.7) 

10 Yes (8) Intelligence/learn

ing, memory, 

executive 

functioning, 

processing speed 

WAIS (VIQ), 

WMS (logical 

memory 

immediate/ 

delayed, paired 

associates total, 

visual reproduction 

immediate/delayed

), benton VRT 

(correct, error), 

WCST (error, 

perseverative 

error), STROOP 

CW (correct), 

TMT-A, TMT-B 

1

9 

Bowie et 

al., 2004 

243 

(243) 

divid

ed 

into 3 

group

s 

SZ 76.51 

(7.86) 

3.2-

3.8 

No Global cognition, 

executive 

functioning, 

verbal learning, 

memory  

MMSE, ADAS 

(cog, P/SM), 

verbal learning, 

recall memory, 

recognition 

memory, 

phonological 

fluency, semnatic 

fluency, boston 

naming, 

constructional 

praxis  

2

1 

Stirling et 

al., 2003 

49 

(49) 

FES & 

non-

affective 

psychosis 

26 

years 

4 

mont

hs 

10 No Verbal learning, 

nonverbal 

learning, 

executive 

functioning, 

memory  

WAIS (OA, PA, 

BD, PC), WRMT 

(faces, words), 

MDF, VFT, WCST 

2

2 

Bryson et 

al., 2002 

46 

(46) 

SZ 43.89 

(8.9) 

4.3 No Executive 

functioning 

WCST (categories 

completed, 

failuture to 

maintain sets, 

nonperseverative 

errors, 

perseverative 

errors), digit 

symbol scaled 

score 

2

3 

Wykes et 

al., 2000 

17 

(17) 

SZ 38 (8) 6 No Attention RPT, simple 

reaction time 

2

4 

Gold et 

al., 1999 

54 

(54) 

FES 24 

(4.73) 

5 No IQ, visual motor 

scanning, score, 

verbal fluency, 

executive 

functioning, 

memory, 

attention  

WAIS, TMT-B, 

circle A letter-

cancellation, MAE 

oral word 

association test, 

logical memory 

(free recall, 

delayed recall), 

WCST (category), 

ROCFT 

2

5 

Waddingt

on et al., 

41 

(41) 

SZ 54.1 

(12.5) 

10 No Global cognition Abbreviated 10-

question mental 

test  
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1996 

(1990) 

2

7 

Roalf et 

al., 2012 

14 – 

34 

SZ 44.53 

(8.48) 

5 Yes 

(27-44) 

CNB Attention (speed, 

accuracy), NVM 

(speed, accuracy), 

VM (speed, 

accuracy),  

Emotion (speed, 

accuracy) 

2

8 

Braw et 

al., 2013 

39 

(39) 

SZ 27.1 

(7.51) 

3 No Executive 

functioning, 

nonverbal 

memory, 

working 

memory, 

processing speed, 

motor speed 

CANTAB (ID/ED, 

SoC initial 

thinking time, 

subsequent time, 

problems solved, 

SWM, SRM, RVP, 

MOT) 

2

9 

Ekerholm 

et al., 

2012 

36 

(36) 

SZ 41.1 

(7.9) 

4.5 Yes 

(46) 

Working 

memory, 

executive 

function, 

psychomotor 

speed, verbal 

memory/learning

, 

attention/vigilanc

e, motor speed  

TMT-A, CPT, 

WAIS LNS, 

RAVLT BVM (6, 

7), RAVLT VM1 

(2, 3, 4, 5), 

RAVLT total, 

TMT-B, WCST CF 

(Total Correct, 

Total Errors, 

Perseveration 

Errors, PR) 

3

0 

Balanza-

Martinez 

et al., 

2005 

34 

(29) 

SZ 29.9 

(8) 

3 Yes 

(26) 

Executive 

functioning, 

verbal learning, 

working 

memory, non-

verbal memory, 

verbal memory, 

motor speed  

TMT-A, WAIS 

digit symbol, 

BSRT (immediate, 

delayed), FAS 

(VF, categories), 

TMT-B, WCST 

(category, total 

error, perseverative 

error), STROOP 

(word, color 

naming, color 

word)  

3

3 

Rannikko 

et al., 

2015 (& 

Husa et 

al., 2014) 

41 

(41) 

SZ 34 9.1 

(.6) 

Yes 

(73) 

Verbal learning, 

verbal memory 

CVLT (short free, 

short cue, long 

free, long delay, 

recognition, free 

recall, learning 

slope) 

3

4 

Meagher 

et al., 

2004 

82 

(82) 

SZ 68.7 

(10.1) 

3 No Global cognition EXIT, MMSE 

3

5 

Kubota et 

al., 2015 

84 

(84) 

SZ 27.3 

(5.53) 

3 Yes 

(116) 

Intelligence WAIS total 

3

6 

Maat et 

al., 2015 

521 

(521) 

SZ 27.34 

(7.33) 

3 No Emotion 

processing 

DFAR 

3

7 

Nemoto 

et al., 

2014 

78 

(56) 

SZ 54.6 

(7.2) 

5 No Attention, 

working 

memory, non-

verbal memory, 

executive 

functioning, 

global cognition  

TMT-A, LCT 

improvement, 

Digit span, ROCFT 

(visual memory 

immediate recall, 

delayed recall), 

WFT (letter, 

category), MMSE 

4

3 

Hedman 

et al., 

2012  

9 (9) SZ 39.94 

(11.7

4) 

5 Yes 

(33) 

WAIS WAIS 
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3

8 

Seidman 

et al., 

1991 

8-12 SZ 28.7 

(6.5) 

3 No Executive 

functioning, 

intelligence, 

attention 

WAIS (vocab, 

block edisgn), 

WCST (categories, 

perseverations, 

trails to first 

category), auditory 

CPT 

3

9 

Shrivasta

va et al., 

2011 

101 

(101) 

SZ 28.8 10 No Memory, visual 

motor memory 

Bender-Gestalt II, 

WMS 

4

0 

van 

Winkel et 

al., 2007 

53 

(43) 

FES 23.2 10.7 No Intelligence  WAIS total 

4

1 

Kurtz et 

al., 2005 

12 

(12) 

SZ 29.9 

(5.9) 

10 No Executive 

functioning, 

processing speed, 

verbal fluency, 

memory, 

working 

memory, 

attention, verbal 

learning, 

nonverbal 

learning  

WAIS, auditory 

attention test, 

TMT-A, TMT-B, 

RAVLT total 1-5, 

ROCFT 

(immediate, 

delayed), FAS, 

WCST (categories, 

PR), hidden figures 

total 

4

2 

Simons 

et. Al., 

2016; 

Meijer et 

al., 2012 

990 – 

1053 

PSY 27.7 

(8.1) 

3 Yes, 

no data  

Executive 

functioning, 

attention, verbal 

learning, 

nonverbal 

learning, facial 

affect recognition  

CPT accuracy, 

RST accuracy cost, 

WAIS (DS, BD, 

Arithmetic, 

Information), 

DFAR total score 

Note: N, number; FU, follow-up; BL, base-line; HC, healthy control; SD, standard deviation; FEP, 

first episode psychosis; FES, first episode schizophrenia; PSY, psychotic disorder; MMSE, mini-

mental state examination; LCT, letter cancellation test; DS, digit span; BD, backward digit; LNS, 

letter number sequencing; VPA, verbal paired associates; CPT, continuous performance test, WAIS, 

Wechsler adult intelligence scale; WMS, Wechsler memory scale; VM, verbal memory; NVM, 

nonverbal memory; WCST, Wisconsin card sorting task; TMT, trail making tests; CVLT, California 

verbal learning test; RAVLT, Rey auditory verbal learning test; COWAT, controlled oral word 

association test; FAS, verbal fluency test; IGT, Iowa gambling task; BACS, brief assessment of 

cognition in schizophrenia; MCCB, MATRICS consensus cognitive battery; ROCFT, the rey complex 

figure test; HSCT, Hayling sentence completion test; CANTAB, Cambridge neuropsychological test 

automated battery; PRM, pattern recognition memory; SRM, spatial recognition memory; SWM, 

spatial working memory; SOC, stockings of Cambridge; IDED, intra extra dimensional shift; 

RPT, ;MOT, motor screening test; RVP, rapid visual information processing; ADAS, Alzheimer’s 

disease assessment scale; DFAR, degraded facial affect recognition; PR, perseveration errors; NAB, 

neuropsychological assessment battery; MSCEIT,  Mayer–Salovey–Caruso Emotional Intelligence 

Test; BVMT, Brief Visuospatial Memory Test; HVLTR, Hopkins Verbal Learning Test—Revised; 

MCT, The Monotone Counting Test; BSRE, babcock story recall test; VRT, visual retention test; 

RPT, response processing task; EXIT, the executive interview; RST? 
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Appendix 2: Study data & effect sizes included in the meta-analysis 

Processing Speed  

 

Study 

Measure  

Diag8 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

1 

Processing speed 

index FEP 36 36 13 23 38 14 0.147 0.071 

7 DS coding FEP 27 6.26 3.19 27 7.3 3.94 0.286 0.075 

7 DS coding FEP 22 7.64 2.63 22 9.59 3.94 0.572 0.095 

7 DS coding FEP 25 6.92 2.91 25 7.08 3.05 0.053 0.08 

8 DS coding FEP 26 7.64 2.76 26 8.52 3.62 0.269 0.078 

30 DS coding SZ 34 47.2 17.2 15 56.3 17.7 0.516 0.099 

 

Controls  

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

1 DS coding 59 59 9 21 59 11 0 0.065 

7 DS coding 41 10.07 2.89 41 11.73 2.58 0.6 0.051 

30 DS coding  26 68.7 16.7 26 68.7 16.7 0 0.077 

 

Verbal Fluency (outlier included)  

Study 

Measure (test)  

Diag N T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

8 FAS (F) FEP 26 14.33 4.69 26 17 5.9 0.493 0.079 

8 FAS (A) FEP 26 12.95 5.22 26 14.38 4.59 0.287 0.078 

8 FAS (S)  FEP 26 12.57 5.01 26 14.52 4.74 0.394 0.078 

8 FAS (animals) FEP 26 20.29 4.5 26 21 6.18 0.129 0.077 

8 FAS (F) FEP 26 14.04 4.54 26 17.08 5.52 0.592 0.08 

8 FAS (A) FEP 26 12.46 4.87 26 14.11 4.25 0.356 0.078 

8 FAS (S)  FEP 26 12.38 4.88 26 14.57 4.5 0.46 0.079 

8 FAS (animals) FEP 26 19.88 4.33 26 22.53 7.84 0.412 0.079 

7 FAS FEP 27 29.59 9.1 27 29.48 9.07 

-

0.012 0.074 

7 FAS FEP 23 31.96 13.02 23 34.78 13.28 0.211 0.087 

7 FAS FEP 28 30.54 9.82 28 32.86 8.52 0.249 0.072 

21 VFT FEP 49 34.96 14.02 49 38.95 17.08 0.253 0.041 

24 MAE  FEP 54 31.92 14.44 54 33.24 13.04 0.095 0.037 

5 COWAT Sum FEP 213 34.2 8.1 43 36.3 14.6 0.221 0.028 

41 FAS SZ 12 42.3 7.1 12 44.8 14.5 0.211 0.168 

30 FAS SZ 34 42.3 10 15 43.1 10.1 0.078 0.096 

19 FAS SZ 108 0.1 0.6 108 0.2 1.7 0.078 0.019 

19 Animal naming SZ 108 0.2 1.1 108 0.1 0.4 -0.12 0.019 

19 FAS SZ 34 10.1 2.3 34 1.2 3.9 

-

2.748 0.114 

19 Animal naming  SZ 34 3.3 3.4 34 0.6 2.2 

-

0.932 0.065 

19 FAS SZ 30 9.5 2.8 30 5.8 7 

-

0.685 0.071 

19 Animal naming  SZ 30 4.4 3.5 30 4.3 3.7 

-

0.027 0.067 

                                                           
8 Diag = Diagnosis; SD = standard deviation; T1 = time one; T2 = time 2. ES = effect size; all other 

acronyms have been defined in the previous appendix  
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17 FAS  SZ 218 9.36 9.73 218 9.04 9.78 

-

0.033 0.009 

17 Animal naming  SZ 218 4.38 7.85 218 4.87 0.84 

-

0.453 0.21 

16 Verbal fluency SZ 16 40.6 12.9 16 36.1 13.4 

-

0.334 0.127 

37 WFT letter  SZ 78 15.8 8.1 56 18.7 10.3 0.318 0.031 

37 WFT category SZ 78 28.8 8.8 56 30.7 10.8 0.195 0.031 

Attention 

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

6 

CPT-DA (total 

correct) FEP 94 -2.52 3.78 
94 -2.16 3.48 

0.099 0.021 

7 

CPT-DA (total 

correct) FEP 19 71.05 12.47 
19 75.32 5.22 

0.437 0.108 

7 

CPT-DA (total 

correct) FEP 14 73.14 8.8 
14 74.21 10.58 

0.107 0.143 

7 

CPT-DA (total 

correct) FEP 16 71.81 6.8 
16 72.25 12.92 

0.042 0.125 

8 

Digit Span 

(WAIS)  FEP 26 9.96 2.2 
26 9.61 2.63 

-

0.142 0.077 

24 LCT (circle A)  FEP 54 103.52 34.96 54 90.83 35.06 -0.36 0.038 

1 

Attention 

(MCCB) FEP 36 39 13 
23 44 13 

0.38 0.072 

10 

MCT correct 

items FEP 34 11.32 2.04 
34 11.26 2.08 

-

0.029 0.059 

6 

CPT-DS 

(impulsivity) FEP 93 -0.56 1.95 
93 -0.41 1.7 

0.082 0.022 

4 

DIGIT SPAN 

forward FEP 138 11.5 1.9 
93 11.9 1.8 

0.214 0.018 

2 

DIGIT SPAN 

forward FEP 89 8.43 2.14 
89 9.6 3.13 

0.435 0.023 

29 CPT-DA (d') SZ 36 0.8 0.7 36 1.1 0.9 0.368 0.056 

15 CPT-DA (d') SZ 104 -3.2 2.5 104 -1.7 2.1 0.647 0.02 

38 
CPT-DA (d') 

SZ 8 27.8 2.5 
9 27.6 4.1 

-

0.055 0.236 

37 

Digit Span 

(WAIS)  SZ 78 5.2 1.9 
56 4.9 2.1 

-0.15 0.031 

16 

CVLT – List A 

trial 1 SZ 16 5 2 
16 5.8 1.6 

0.431 0.128 

27 
Attention Index 

SZ 28 103.86 13.04 
28 102.61 14.65 

-

0.089 0.071 

14 

Attention/Speed 

index SZ 45 -0.09 0.58 
45 -0.01 0.66 

0.128 0.045 

28 

RVP sustain 

attention SZ 39 0.88 0.07 
39 0.9 0.06 

0.304 0.052 

37 

LCT 

improvement SZ 78 105.8 12.6 
56 109.7 8.4 

0.351 0.031 

41 

Auditory 

attention test SZ 12 27.2 3.5 
12 29.8 0.39 

1.008 0.188 

14 

Attention/Speed 

index SZ 74 0.04 0.49 
74 0.06 0.57 

0.037 0.027 

23 

RPT response 

inhib. SZ 17 856 497 
17 941 1139 

0.094 0.118 
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42 CPT-DA (d') PSY 972 98.34 5.54 731 98.92 3.2 0.124 0.002 

42 

DIGIT SPAN 

forward PSY 1053 65.41 16.27 
616 68.61 16.41 

0.196 0.003 

 

Controls 

 

Study 

Control Group  N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

6 

CPT-DA (total 

correct) 35 0 0.63 35 0.1 1.12 0.109 0.057 

7 

CPT-DA (total 

correct) 34 78.21 2.03 34 78 2.66 -0.088 0.059 

29 CPT-DA (d') 46 1.4 0.8 46 1.5 1 0.11 0.044 

27 Attention Index 27 116.48 5.55 27 117.37 3.03 0.196 0.074 

1 Attention (MCCB) 59 48.8 8 21 52 5 0.431 0.066 

6 

CPT-DS 

(impulsivity) 35 0 1 35 0.19 0.85 0.202 0.057 

 

Learning & Memory 

 

Global Memory 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

8 Memory Index FEP 26 -0.96 0.47 26 -0.33 0.72 1.021 0.087 

29 RAVLT 7 SZ 36 9.2 3.5 36 8.7 3.2 

-

0.148 0.056 

39 WMS  SZ 101 97.3 12.8 101 90.3 12.2 

-

0.558 0.021 

29 

CONTROL 

GROUP SZ 46 12.1 2.3 46 12.5 2.3 .172 .044 

 

Verbal Learning & Memory    

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

6 

RAVLT 

Verbal Mem FEP 121 -0.89 1.03 121 -0.59 1 0.295 0.017 

21 WRMT words FEP 49 40.96 5.95 49 42.13 7.41 0.173 0.041 

18 

WMS Paired 

Assoc. Tot FEP 21 19.8 7.7 21 18.1 5.3 -0.252 0.096 

1 

MCCB verbal 

learning FEP 36 40 9 23 44 10 0.42 0.073 

5 

CVLT total 

imm recall FEP 213 56.2 10.5 43 49.9 12.7 -0.577 0.029 

5 

CVLT delay 

free FEP 213 13 2.4 43 11.7 3.4 -0.5 0.028 

5 

CVLT mean 

error FEP 213 0.35 0.6 43 0.47 0.8 0.188 0.028 

18 CVLT total  FEP 21 40 12.5 21 36.2 12.4 -0.299 0.096 

14 

Verbal 

Memory SZ 45 -0.18 0.6 45 -0.16 0.77 0.029 0.044 

14 

Verbal 

Memory SZ 74 0.9 0.64 74 0.22 0.71 -1.001 0.03 

27 

Verbal 

Memory SZ 34 32.67 3.52 34 31.69 4.24 -0.249 0.059 

19 CERAD VL SZ 108 0.6 1.9 108 0.2 0.9 -0.268 0.019 
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19 CERAD VL SZ 34 4.6 4.3 34 0.5 1.8 -1.23 0.07 

19 CERAD VL SZ 30 5.2 4.5 30 5.8 3.9 0.141 0.067 

29 RAVLT total SZ 36 44.6 10.8 36 44.9 11.7 0.026 0.056 

41 

RAVLT total 

1-5 SZ 12 34.4 15.7 12 39.2 9 0.362 0.169 

33 

CVLT imm 

free recall SZ 41 48 13.8 41 45.1 14.4 -0.204 0.049 

33 

CVLT learning 

slope SZ 41 1.4 0.8 41 1.2 1.1 -0.206 0.049 

17 Word list learn SZ 218 8.17 6.66 218 7.83 6.79 -0.05 0.009 

30 

Babcock 

Delayed SZ 34 6.3 3.3 15 9.1 4.8 0.723 0.101 

30 

Babcock 

Delayed SZ 34 5 2.8 15 7.1 3.9 0.652 0.1 

 

Controls 

 

Study 

Measure   N 

T1 

Mean 

T1 SD T1 

N 

T2 

Mean 

T2 SD T2 

ES  Error  

6 

RAVLT Verbal 

Mem 41 0 0.84 41 0.5 0.77 0.615 0.051 

18 

WMS Paired 

Assoc. Tot 8 24.5 3.9 8 21.4 5.3 -0.63 0.262 

27 Verbal Memory 38 35.42 2.77 38 35.04 3.02 -0.13 0.053 

30 

Babcock 

Delayed 26 15.8 3.6 26 15.8 3.6 0 0.077 

30 

Babcock 

Delayed 26 12 3.1 26 12 3.1 0 0.077 

1 

MCCB verbal 

learning 59 46 10 21 53 8 0.728 0.068 

18 CVLT total 8 56.4 9.7 8 53.1 9.1 -0.332 0.253 

29 RAVLT Total 46 55.7 6.5 46 58.2 7.6 0.351 0.044 

33 

Immediate free 

recall 73 60.1 6.8 73 55 8.4 -0.664 0.029 

33 Learning slope 73 1.6 0.7 73 1.6 0.6 0 0.027 

 

Non-verbal learning & memory 

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

1 

MCCB Visual 

Learning FEP 36 40 14 23 41 14 0.07 0.071 

6 

ROCFT Visual 

Mem FEP 126 -0.48 0.96 126 -0.02 0.89 0.495 0.016 

7 

ROCFT Visual 

Mem FEP 27 16.98 6.26 27 22.57 5.91 0.905 0.082 

7 

ROCFT Visual 

Mem FEP 23 19.2 7.76 23 22.56 6.41 0.464 0.089 

7 

ROCFT Visual 

Mem FEP 28 18.75 7.91 28 23.13 5.8 0.623 0.075 

18 

Benton VRT 

Correct FEP 21 5.7 2.2 21 5.5 3 

-

0.075 0.095 

21 WRMT Faces FEP 49 36.81 5.9 49 39.81 5.41 0.526 0.042 

21 MDF  FEP 49 4.08 4.78 49 6.95 7.09 0.471 0.042 

4 

WMS Visual 

Reprodu. FEP 138 19.9 3.4 93 20.9 3.2 0.3 0.018 
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28 SRM CANTAB SZ 39 75.07 14.2 39 73.85 14.3 

-

0.085 0.051 

27 

Face Mem 

CNB SZ 34 28.81 3.51 34 29.5 3.79 0.187 0.059 

27 

Spatial Mem 

CNB SZ 31 13.19 2.39 31 12.88 2.13 

-

0.135 0.065 

 

Controls 

 

Study Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

6 ROCFT Visual 

Mem 

42 0 0.99 42 0.63 0.74 0.714 0.051 

7 ROCFT Visual 

Mem 

41 22.14 7.02 41 26.45 5.61 0.672 0.052 

18 Benton VRT 

Correct 

8 7.9 1.4 8 7.8 1.8 -0.059 0.25 

27 Face Mem CNB 44 32.19 4.11 44 34.25 3.38 0.543 0.047 

27 Spatial Mem 

CNB 

41 15.43 1.81 41 15.85 2.21 0.206 0.049 

1 MCCB Visual 

Learning 

59 51 11 21 49 11 -0.18 0.065 

 

Immediate Memory 

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

18 

WMS Logical 

mem imm. FEP 21 25 1.1 21 25 1.2 0 0.095 

18 

WMS visual rep 

imm. FEP 21 58.1 2.5 21 72.2 2.2 5.875 0.506 

16 

CVLT List A 

short recall SZ 16 9.4 2.5 16 8.8 2 

-

0.258 0.126 

33 

CVLT short 

delay free recall SZ 41 10.1 3.9 41 9.9 3.8 

-

0.051 0.049 

33 

CVLT short 

delay cued recall SZ 41 11.1 3.5 41 10.7 3.2 

-

0.118 0.049 

30 

Verbal Memory 

imm. SZ 34 5 2.8 15 7.1 3.9 0.652 0.1 

41 

ROCFT visual 

immediate SZ 12 31.5 14.1 12 29 13.4 

-

0.175 0.167 

37 

ROCFT visual 

immediate  SZ 78 32.8 3.3 56 33.7 2.6 0.296 0.031 

 

Controls   

 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

18 

WMS Logical 

mem imm. 8 44 0.7 8 47 1.2 2.887 0.51 
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18 

WMS visual rep 

imm. 8 86.6 1.3 8 80.2 3.5 -2.292 0.414 

16 

CVLT List A 

short recall 16 7.6 3 16 9 2.3 0.511 0.129 

33 

CVLT short delay 

free recall 73 13.2 2.1 73 12 2.6 -0.505 0.028 

33 

CVLT short delay 

cued recall 73 13.7 1.6 73 12.5 2.2 -0.621 0.029 

30 

Verbal Memory 

imm. 26 12 3.1 26 12 3.1 0 0.077 

 

Delayed Memory 

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

18 

WMS visual rep 

delay FEP 21 48.6 2.6 21 49.2 2.7 0.222 0.096 

24 

ROCFT complex 

fig delay FEP 54 16.9 7.52 54 17.68 6.83 0.108 0.037 

18 

WMS logical 

mem delay FEP 21 17 1 21 16.5 1.1 

-

0.467 0.098 

41 

ROCFT delay 

visual mem SZ 12 30.3 12.1 12 25.9 10.9 

-

0.369 0.17 

37 

ROCFT delay 

visual mem SZ 78 9.8 6.8 56 16.1 9.5 0.78 0.033 

16 

CVLT long list 

delay SZ 16 9.1 2.4 16 9.2 2.4 0.041 0.125 

33 

CVLT long list 

delay free recall SZ 41 11.2 3.7 41 10.3 3.6 

-

0.244 0.049 

33 

CVLT long list 

delay cued recall SZ 41 11.5 3.2 41 11 3.5 

-

0.148 0.049 

30 

Verbal Memory 

Delayed SZ 34 6.3 3.3 15 9.1 4.8 0.723 0.101 

17 

Word list delay 

recall  SZ 218 87.38 96.35 218 96.11 94.58 0.091 0.009 

 

Controls 

 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

18 

WMS logical 

mem delay 8 34 0.1 8 38 1.5 -3.557 0.645 

18 

WMS visual rep 

delay 8 81.3 1.5 8 87.8 1.3 -4.378 0.849 

16 

CVLT long list 

delay 16 7.1 3.7 16 9.1 2.9 -0.586 0.13 

33 

CVLT long list 

delay free recall 73 13.7 2 73 12.5 2.5 0.527 0.028 

33 

CVLT long list 

delay cued recall 73 13.9 1.7 73 13 2.2 0.455 0.028 

30 

Verbal Memory 

Delayed 26 15.8 3.6 26 15.8 3.6 0 0.077 

 

Working Memory 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  
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1 WM Index FEP 36 38 10 23 43 13 0.438 0.073 

7 

Backward Digit 

WAIS FEP 27 5.11 1.37 27 6.04 1.6 0.615 0.078 

7 

Backward Digit 

WAIS FEP 22 5.36 1.68 22 6.09 2.02 0.386 0.093 

7 

Backward Digit 

WAIS FEP 26 5.88 1.5 26 5.7 1.61 

-

0.114 0.077 

8 

Backward Digit 

WAIS FEP 26 9.96 2.2 26 9.61 2.63 

-

0.142 0.077 

8 LNS WAIS  FEP 26 9.35 2.78 26 9.84 2.61 0.179 0.077 

13 

CANTAB 

SWM FES 54 29.25 19.99 54 30.83 18.56 0.081 0.037 

13 

CANTAB 

Spatial Span FES 54 5.38 1.14 54 5.87 1.38 0.384 0.038 

28 

CANTAB 

SWM SZ 39 31.41 24.04 39 27.23 22.78 

-

0.177 0.051 

29 

LNS WAIS 

SZ 36 9.4 2.6 36 9.1 3 

-

0.106 0.056 

37 

Backward Digit 

WAIS SZ 78 4.1 1.5 56 4.1 1.5 0 0.031 

 

Controls 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

1 WM Index 59 48 8 21 54 9 .719 .068 

7 

Backward Digit 

WAIS 40 6.78 1.19 40 6.7 1.94 -.049 .050 

29 LNS WAIS  46 11.5 2.6 46 11.6 3 .035 .043 

 

 

Intelligence  

 

General intelligence  

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

40 WAIS FSIQ FEP 53 101.6 15.1 43 109.3 17.2 0.475 0.043 

24 WAIS FSIQ FEP 54 88.11 11.52 54 91.11 13.46 0.238 0.037 

2 WAIS FSIQ FEP 89 100.2 10.1 89 101.2 11.1 0.094 0.022 

13 

WAIS-R current 

IQ FEP 54 94.04 14.86 54 92.35 24.35 

-

0.083 0.037 

38 

IQ estimate 

WAIS subtests  SZ 11 97.5 20.3 10 97.8 15.3 0.016 0.191 

41 WAIS FSIQ SZ 12 98.1 14.6 12 97.8 12.8 

-

0.021 0.167 

43 WAIS IQ  SZ 9 109.78 13.1 9 108.44 13.54 

-

0.096 0.222 

35 WAIS FSIQ SZ 84 93.29 13.85 84 95.55 15.39 0.154 0.024 

 

Controls 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

43 WAIS IQ 33 114.61 12.58 33 119.18 11.11 .381 .062 

35 WAIS FSIQ 116 113.17 15.35 116 116.01 16.54 .177 .017 
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Verbal Intellect  

Study 

Measure (test)  

Diag N T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

18 WAIS VIQ FEP 21 97.7 13.6 21 101.5 11.3 0.298 0.096 

24 WAIS VIQ FEP 54 89.31 10.9 54 90.07 11.76 0.067 0.037 

2 WAIS similarities FEP 89 10.6 2.64 89 10.56 2.67 

-

0.015 0.022 

8 WAIS Similarities FEP 26 9.44 2.1 26 11.64 3.03 0.831 0.084 

41 WAIS VIQ SZ 12 101.3 14.6 12 99.3 12.5 

-

0.142 0.167 

38 WAIS vocab SZ 11 9.6 3.2 11 9.6 2.8 0 0.182 

42 WAIS information SZ 1055 16.77 5.47 615 17.73 5.39 0.176 0.003 

 

Controls 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

18 WAIS VIQ 8 106.1 12.1 8 113.8 10.6 0.64 0.263 

 

Performance Intellect  

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

24 WAIS PIQ FEP 54 88.54 13.25 54 93.87 15.51 0.367 0.038 

2 

WAIS Block 

Design FEP 89 11.13 3.07 89 10.6 3.1 

-

0.171 0.023 

21 

WAIS Object 

Assem FEP 49 31.18 8.48 49 27.36 9.32 

-

0.425 0.042 

21 

WAIS Pic 

Arrang FEP 49 23 9.14 49 22.09 8.32 

-

0.103 0.041 

21 

WAIS Block 

Design FEP 49 30.14 13.16 49 33.29 11.73 0.251 0.041 

21 

WAIS Pic 

Completion FEP 49 15.27 3.38 49 11.68 4.31 -0.92 0.045 

41 WAIS PIQ SZ 12 94.3 13.9 12 96.3 14.6 0.135 0.167 

38 

WAIS Block 

Design SZ 11 9.3 3.3 10 9.1 2.5 

-

0.065 0.191 

42 

WAIS Block 

Design PSY/SZ 1053 40.42 16.99 612 44.03 16.13 0.216 0.003 

42 

WAIS 

Arithmetic  PSY/SZ 1053 12.27 4.79 613 12.86 4.82 0.123 0.003 

 

Executive Functioning   

 

Cognitive Flexibility / Set-Shifting  

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

4 

MWCST 

category 

completed FEP 138 4.1 2.2 93 5.3 1.7 0.594 0.019 

5 

WCST 

category FEP 213 5.3 1.3 43 5.6 1.5 0.224 0.028 

5 

WCST 

ATTEMPT FEP 213 19 14.8 43 23.2 26.5 0.242 0.028 
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10 

MWCST 

category 

completed FEP 34 3.47 2.3 34 4.88 1.95 0.654 0.062 

24 

WCST 

category FEP 54 2.41 1.02 54 2.96 1.62 0.403 0.038 

18 

Stroop CW # 

correct FEP 21 29.5 9.5 21 35.8 8.4 0.689 0.101 

4 

MWCST 

category error FEP 138 5.9 7.9 93 1.7 3.8 

-

0.637 0.019 

8 

WCST total 

error FEP 26 41.78 14.61 26 51.59 11.1 0.745 0.082 

18 

WCST total 

error FEP 21 43 30.1 21 36.5 26.8 

-

0.224 0.096 

10 

WCST 

persever error FEP 34 7.62 9.14 34 2.71 3.98 

-

0.689 0.062 

5 

WCST 

persever error FEP 213 13.6 13 43 9.7 6.4 -0.32 0.028 

8 

WCST 

persever error FEP 26 42.83 19.03 26 57.6 15.61 0.836 0.084 

18 

WCST 

persever error FEP 21 27.9 28.5 21 20.8 15.4 

-

0.304 0.096 

8 

WCST 

concept 

respons FEP 26 41.09 15.24 26 57.39 19.07 0.93 0.085 

21 WCST FEP 49 4.55 1.3 49 5.13 1.55 0.402 0.042 

7 TMT-B FEP 27 108.11 55.64 27 83.41 52.32 

-

0.451 0.076 

7 TMT-B FEP 23 83.52 30.11 23 68.09 25.45 

-

0.544 0.09 

7 TMT-B FEP 28 91.75 30.11 28 73.59 35.77 

-

0.542 0.074 

8 TMT-B FEP 26 28.07 27.53 26 36.34 30.28 0.281 0.078 

18 TMT-B FEP 21 108.1 67.3 21 97.7 57.9 

-

0.163 0.096 

24 TMT-B FEP 54 112.28 52.53 54 100.44 55.16 

-

0.218 0.037 

13 

Attentional set 

shift 

(CANTAB) FEP 54 10.78 10.06 54 9.08 9.4 

-

0.173 0.037 

13 

Attentional set 

shift 

(CANTAB) FEP 54 11.18 9.59 54 7.02 4.34 

-

0.555 0.038 

8 

STROOP 

inference FEP 26 48.88 12.33 26 50.3 8.92 0.13 0.077 

12 

IDED 

intradimen 

revers FEP 262 0.95 1.19 104 1.15 1.68 0.148 0.013 

12 

IDED 

extradimen 

shift FEP 262 1.72 2.56 104 1.77 3.34 0.018 0.013 

12 

IDED 

extradimen 

revers FEP 262 1.58 3.32 104 1.88 4.15 0.084 0.013 

12 

IDED compou 

descrim2 FEP 262 0.75 2.74 104 0.88 4.1 0.041 0.013 

12 

IDED compou 

reversal FEP 262 1.81 2.6 104 2.57 4.68 0.228 0.014 
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12 

IDED 

intradimen 

shift FEP 262 1.93 5.14 104 1.53 4.78 

-

0.079 0.013 

12 

IDED compou 

descrim FEP 262 2.9 5.72 104 2.44 5.08 

-

0.083 0.013 

12 

IDED simple 

revers FEP 262 13 9.93 104 11.42 10.02 

-

0.158 0.013 

12 

IDED Simple 

Discrim FEP 262 11.05 11.21 104 9.13 10.69 

-

0.173 0.013 

9 

WCST 

category SZ 34 2 1.44 34 2.44 1.62 0.284 0.059 

30 

WCST 

category SZ 34 3.3 1.9 15 2.9 1.8 -0.21 0.097 

22 

WCST 

category SZ 46 3.47 2.1 46 3.17 2.45 -0.13 0.044 

38 

WCST 

categories SZ 12 3.3 2.2 12 2.6 2.6 

-

0.281 0.168 

41 

WCST 

categories SZ 12 4.2 1.9 12 4.2 2.4 0 0.167 

29 WCST-TC SZ 36 2.7 1.7 36 2.6 1.9 

-

0.055 0.056 

9 

WCST total 

error SZ 34 23.15 8.99 34 22.56 12.67 

-

0.053 0.059 

30 

WCST total 

error SZ 34 56.5 19.2 15 56 16.5 

-

0.027 0.096 

22 

WCST 

nonpers errors SZ 46 89.82 13.75 46 91.47 20.27 0.094 0.044 

29 

WCST total 

error SZ 36 22.3 12.2 36 21.3 12.5 -0.08 0.056 

9 

WCST 

persever error SZ 34 11.65 6.67 34 11.53 7.02 

-

0.017 0.059 

16 

WCST 

persever error SZ 16 15.6 5.8 16 13.5 6.2 

-

0.341 0.127 

22 

WCST 

persever error SZ 46 78.06 18.9 46 85.02 21.87 0.338 0.044 

29 

WCST 

persever error SZ 36 11.5 7.3 36 9.9 6.6 

-

0.227 0.056 

30 

WCST 

persever error SZ 34 31.4 12.2 15 32.9 10.4 0.126 0.096 

29 

WCST 

perseverations SZ 36 12.8 8.5 36 10.9 7.8 -0.23 0.056 

38 

WCST 

perseverations SZ 12 27.8 23.4 12 31.1 19.5 0.148 0.167 

41 

WCST 

perseverations SZ 12 42 16.1 12 45.6 15.9 0.217 0.168 

9 

WCST 

concept 

respons SZ 34 32.71 13.24 34 35.03 17.53 0.148 0.059 

38 

WCST trail> 1 

category SZ 12 34.3 42.4 12 57.3 54.3 0.456 0.171 

9 

WCST fail 

maintain set SZ 34 0.74 0.9 34 0.47 0.66 

-

0.338 0.06 

22 

WCST fail 

maintain set SZ 46 1.15 1.4 46 1.23 1.45 0.056 0.043 

9 TMT-B SZ 34 127.68 49.47 34 100.35 47.05 -0.56 0.061 

16 TMT-B SZ 16 102.4 65.9 16 121.7 62.9 0.292 0.126 

29 TMT-B SZ 36 94.5 57.5 36 109.2 70.9 0.225 0.056 
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30 TMT-B SZ 34 184.4 94.3 15 136.7 42.7 -0.57 0.099 

41 TMT-B SZ 12 41.1 13.1 12 40.4 15.6 

-

0.047 0.167 

28 

ID/ED task 

(CF) SZ 39 32.27 22.84 39 27.57 36.08 

-

0.154 0.051 

42 RST set shift SZ/PSY 957 0.2 0.27 702 0.17 0.26 

-

0.113 0.002 

30 

STROOP 

word read SZ 34 26.9 12.8 15 22.7 6.1 

-

0.368 0.097 

30 

STROOP 

color name SZ 34 31.8 7 15 27.1 5.6 

-

0.699 0.101 

30 

STROOP col-

word inference SZ 34 71.9 26.6 15 54.5 10 

-

0.746 0.102 

 

Controls 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

18 Stroop CW # correct 8 46.4 7 8 53.9 14 0.641 0.263 

18 WCST total error 8 14.6 6.9 8 14.6 8.4 0 0.25 

18 

WCST persever 

error 8 7.6 3.5 8 8.4 5.2 0.171 0.251 

7 TMT-B 41 63.76 16.47 41 56.85 16.98 -0.409 0.05 

18 TMT-B 8 68.6 22 8 55 25 -0.546 0.259 

12 

IDED intradimen 

revers 76 0.56 0.65 25 0.72 1.49 0.171 0.053 

12 

IDED extradimen 

shift 76 1.2 0.65 25 1.32 0.63 0.185 0.053 

12 

IDED extradimen 

revers 76 0.48 0.71 25 0.56 1.26 0.091 0.053 

12 

IDED compou 

descrim2 76 0.2 0.58 25 0.04 0.2 -0.309 0.054 

12 

IDED compou 

reversal 76 1.12 0.33 25 1.52 0.77 0.835 0.057 

12 

IDED intradimen 

shift 76 0.52 1.29 25 0.76 1.5 0.177 0.053 

12 

IDED compou 

descrim 76 1.08 0.28 25 1.2 0.65 0.296 0.054 

12 IDED simple revers 76 6.8 7.2 25 3.8 4.15 -0.452 0.054 

12 

IDED Simple 

Discrim 76 4.52 7.97 25 2.32 4.76 -0.298 0.054 

9 WCST category 13 3 1.41 13 3.31 1.18 0.231 0.155 

29 WCST category 46 3.6 1.6 46 3.7 1.4 0.066 0.044 

9 WCST-TC 13 17.92 8.43 13 18.23 8.3 0.036 0.154 

30 WCST total error 26 21.5 20.1 26 21.5 20.1 0 0.077 

29 WCST total error 46 15.2 9.4 46 14.1 9.3 -0.117 0.044 

9 WCST total error 13 8.85 3.6 13 8.15 3.6 -0.188 0.155 

29 

WCST persever 

error 46 7.3 4.5 46 7.1 5.1 -0.041 0.043 

30 

WCST persever 

error 26 10.1 8.2 26 10.1 8.2 0 0.077 

29 

WCST persever 

error 46 7.8 5.3 46 7.6 5.9 -0.035 0.043 

9 

WCST 

perseverations 13 40.62 12.64 13 41.08 11.63 0.037 0.154 

9 

WCST concept 

respons 13 0.38 0.65 13 0.38 0.65 0 0.154 
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9 

WCST fail maintain 

set 13 64.54 18.6 13 68.69 27.15 0.173 0.154 

29 TMT-B 46 55.1 19.8 46 62.4 25.7 0.316 0.044 

 

Problem Solving / Strategy Formation  

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

1 

Problem Solving 

MCCB FEP 36 38 8 23 42 9 0.47 0.073 

6 EF-PS index FEP 120 -1.14 1.26 120 -0.62 1.85 0.328 0.017 

13 SOC planning FEP 54 7.47 2.07 54 8.24 1.95 0.38 0.038 

13 

SOC thinking 

time 
FEP 

54 5677 3221 54 8216 5970 0.526 0.038 

7 

IGT decision 

make 
FEP 

26 -3.88 24.3 26 3.96 25.42 0.311 0.078 

7 

IGT decision 

make 
FEP 

17 -1.41 18.49 17 30.94 41.32 0.987 0.132 

7 

IGT decision 

make 
FEP 

23 1.3 29.02 23 7.65 43.37 0.169 0.087 

14 Problem solving SZ 45 -0.08 0.37 45 -0.06 0.51 0.045 0.044 

14 Problem solving  SZ 74 0.04 0.34 74 0.08 0.43 0.103 0.027 

28 SOC initial time 
SZ 

39 12916 9420 39 11839 14778 

-

0.086 0.051 

28 SOC sub time 
SZ 

39 1747 1647 39 1105 1339 

-

0.423 0.052 

28 

SOC problem 

solved 
SZ 

39 8.15 2.3 39 8 2.32 

-

0.064 0.051 

27 CNB abstraction SZ 32 0.85 0.85 32 1.09 0.96 0.261 0.063 

 

Controls 

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

1 

Problem Solving 

MCCB 59 50 10 21 53 11 0.289 0.065 

6 EF-PS index 41 0 0.6 41 0.4 0.64 0.639 0.051 

7 IGT decision make 9 2.67 26.27 9 25.11 36.31 0.674 0.235 

27 CNB abstraction 40 2.4 0.83 40 2.75 0.77 0.433 0.051 

 

Social Cognition  

 

Study 

Measure (test)  

Diag 

N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

1 

Social 

Cognition FEP 36 43 16 23 48 13 0.331 0.072 

27 

Emotion 

Processing CNB SZ 32 29.31 5.16 32 28.47 4.61 -0.17 0.063 

36 DFAR  SZ 521 69.41 9.79 521 70.34 9.72 0.095 0.004 

42 DFAR  PSY/SZ 990 68.39 10.77 721 70.23 10.58 0.172 0.002 

 

Controls   

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  
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1 Social Cognition 59 55 9 21 53 9 -0.22 0.065 

27 

Emotion Processing 

CNB 40 33.25 2.96 40 33.3 3.08 0.016 0.05 

 

 

 

Global Cognition  

 

Study 

Measure (test)  

Diag N T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES Error  

1 MCCB total cog FEP 36 32 13 23 39 15 0.5 0.073 

7 Global Cog FEP 16 

-

12.74 11.72 16 -5.54 7.6 0.711 0.133 

7 Global Cog FEP 13 -6.54 6.41 13 -2.34 6.52 0.629 0.161 

7 Global Cog FEP 12 

-

10.38 6.1 12 -7.31 11.72 0.317 0.169 

19 MMSE SZ 108 3.5 5.6 108 2.2 4.5 

-

0.255 0.019 

19 ADAS SZ 108 28.5 9.2 108 30.3 8.3 0.205 0.019 

19 MMSE SZ 34 11.6 6.9 34 4.9 6.1 

-

1.017 0.066 

19 ADAS SZ 34 13.6 8.9 34 26.3 10.9 1.262 0.071 

19 MMSE SZ 30 16.9 5.6 30 15.3 6.4 

-

0.263 0.067 

19 ADAS SZ 30 8.1 6.2 30 8.5 6.1 0.064 0.067 

22 Global Cog SZ 46 5.85 2.12 46 7.19 1.87 0.665 0.046 

34 EXIT SZ 82 17 6.3 82 21.2 6.4 0.658 0.026 

34 MMSE SZ 82 16.2 8.9 82 15.2 9.1 

-

0.111 0.024 

37 MMSE SZ 78 26 3 56 26.3 3.9 0.088 0.031 

25 Global Cog SZ 41 6.5 2 41 5.9 1.9 

-

0.305 0.049 

17 MMSE  SZ 218 17.42 10.37 218 14.6 10.39 

-

0.271 0.009 

 

Controls   

Study 

Measure   N 

T1 

Mean 

T1 

SD 

T1 

N 

T2 

Mean 

T2 

SD 

T2 

ES  Error  

1 MCCB total cog 59 50 10 21 56 9 0.609 0.067 

7 Global Cog 33 -0.01 3.28 33 1.53 3.55 0.445 0.062 
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Appendix 3: RMO Information Sheet  

Date: 
Responsible Medical Officer:  
Address: 

Dear Doctor, 

Re:    Neuropsychology 10-Year Follow-Up Study                                   

          [Patient name and address]    

 

The above patient was assessed by the Neuropsychology Screening Service 

(NPSS) in the State Hospital during 2004-5.  During the next fifteen months it is 

hoped to offer all patients who were assessed by NPSS the opportunity to 

participate in a follow-up research project titled Neuropsychology 10-Year Follow-up 

Study.  The study, given favourable opinion by [REC and ref number], is being 

conducted by Sarah Brown, Clinical Psychology PhD student.  

The purpose of the study is to thoroughly assess their neuropsychological functioning 

in the fields of intelligence, orientation and attention, verbal functioning and language 

skills, memory, motor coordination, emotional recognition and executive function.  

Information related to patient risk and recidivism will also be collected and analysed.  

At the end of the study you will be provided with a summary of their results for their 

medical file.  Patients will only be asked to par-take in assessments they previously 

completed in 2004-5.  There will be a maximum of four patient visits averaging at 

about one hour per session. 

If you feel it is appropriate for the patients under your care to be approached the 

project will be explained to them using the attached form and their consent will be 

sought.  Subsequently 24 hours will be left before the commencement of 

assessment to allow them to reconsider their decision should they wish and they will 

be able to withdraw from the project at any time.   

A copy of the participant information sheet is enclosed for your information.  Should 

you have any questions regarding this study, please do not hesitate to contact me by 

email s.brown-32@sms.ed.ac.uk, or phone 07506852131. 

Yours sincerely, 

Sarah Brown     +     Dr Suzanne O’Rourke 
Clinical Psychology PhD Student     Consultant Forensic Clinical 
Neuropsychologist 
 
SCHOOL of HEALTH IN SOCIAL SCIENCE 
The University of Edinburgh 
Medical School 
Doorway 6, Teviot Place 
Edinburgh EH8 9A
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Appendix 4: Patient Information Sheet 

Participant Information Sheet and Consent Form 

Neuropsychology 10-year Follow-up Study 

You are being invited to take part in a research study.  Before you decide 
whether or not to take part, it is important for you to understand why the 
research is being done and what it will involve.  Please take time to read the 
following information carefully. Talk to others about the study if you wish.  
Contact us if there is anything that is not clear or if you would like more 
information.  Take time to decide whether or not you wish to take part. 
 
What is the purpose of the study? 
From the results of a study conducted in 2004-5, we know that many patients at the 
State Hospital had more difficulties than we would expect, especially in 
remembering things and how quickly they can work things out in their heads.  We 
would like to see if the people we have assessed before are still having these 
difficulties or if they have become better or worse.  We would also like to find out if 
these difficulties have affected their behaviours during the last ten years.  We 
especially want to see if they have found it difficult to control emotions, like anger, 
and whether they have taken part in different treatments. 
 
Why have I been asked to take part? 
In 2004, when you were in the State Hospital, you were kind enough to undertake 
an assessment with the Neuropsychology Service run by Dr Suzanne O’Rourke 
from the Psychology Department.  The assessment you completed would have been 
trying to find out if you had difficulty in one or more of memory, attention, past 
knowledge and problem solving, the speed in which they work things out and 
recognising emotions.  Now that ten years have passed we would like to see how 
you have been and how you are now. 
We would really appreciate your help and hope that you would enjoy taking part in 
something different and finding out more about how you are doing now.    
 
Do I have to take part? 
No, it is up to you to decide whether or not to take part.  If you do decide to take part 
you will be given this information sheet to keep and be asked to sign a consent form.  
If you decide to take part you are still free to withdraw at any time and without giving 
a reason.  Deciding not to take part or withdrawing from the study will not affect the 
healthcare that you receive, or your legal rights. 
 
What will happen if I take part? 
To find out if you are having these kinds of problems and if these problems have 
worsened within the past ten years, we’d like to ask you to do some assessments 
with us that you previously completed 10 years ago.  These can involve many 
different things such as word meanings, computer puzzles, spotting the missing bit 
of pictures, matching symbols with numbers or even doing mazes.  We will only ask 
you to redo the tasks that you did last time and we will spread it over different days 
so that sessions are not too long.  If you decide to take part you can ask for a break 
or change your mind at any time
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The sessions will last an average of an hour and according to the amount 
of tasks you completed last time you will be asked to complete a minimum of one 
session and maximum of four. 
 
To find out how you have been during the last ten years we would also like to look at 
your case notes.  We cannot do this without your permission and so will ask you if 
you are willing to sign a form to say that this is okay.  Again, it is entirely up to you 
whether you want to let us look at your files and saying no will not affect your care in 
any way.   
 
If you do not wish to complete the tasks with us again, it is okay to say yes only to 
us looking at your medical records or to say no to everything. 
 
What are the possible benefits of taking part? 
You may not get a direct benefit from taking part in this study.  We hope that the 
information we get from this study will help improve treatment of other patients with 
similar difficulties to your own.  
 
What are the possible disadvantages and risks of taking part? 
It is not thought that there are many disadvantages; however, it is possible that you 
may find some of the tasks difficult which may cause you some distress.  If you are 
ever confused or distressed at any point during the tasks you are free to withdraw or 
alternatively ask Sarah Brown for help.     
 
What if there is a problem?  
If you have a concern about any aspect of this study please contact Sarah Brown 
who will do their best to answer your questions.  
In the unlikely event that something goes wrong and you are harmed during the 
research and this is due to someone‘s negligence then you may have grounds for a 
legal action for compensation against NHS Lothian but you may have to pay your 
legal costs. The normal National Health Service complaints mechanisms will still be 
available to you (if appropriate). 
 

What happens when the study is finished? 
At the end of the research:  

 We will put a copy of your assessments in your confidential medical file. 

 We will change your results into a computer file with no names so that we 
can describe the kinds of injuries patients in the hospital have.  No-one will 
be able to tell you have taken part in the study or how you did from this file. 

 We will give your clinical team a one page summary of your results to 
discuss with you. 

 
Will my taking part in the study be kept confidential? 
All the information we collect during the course of the research will be kept 
confidential and there are strict laws which safeguard your privacy at every stage. In 
certain circumstances if we feel you or another person is at harm confidentiality will 
be breached.  Study researchers will be asking need access to your medical records 
to carry out this research. 
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To ensure that the study is being run correctly, we will ask your 
consent for responsible representatives from the Sponsor University of Edinburgh 
and NHS Institution to access your medical records and data collected during the 
study, where it is relevant to you taking part in this research. The Sponsor is 
responsible for overall management of the study and providing insurance and 
indemnity. 
 
What will happen to the results of the study? 
The study will be written up as conference presentation, academic papers and a 
PhD dissertation. You will not be identifiable in any published results. 
 
Who is organising the research and why? 
This study is being organised/sponsored by the University of Edinburgh.  The study 
is funded by the State Hospital. 
 
Who has reviewed the study? 
The study proposal has been reviewed by the State Hospital.  All research in the 
NHS is looked at by an independent group of people, called a Research Ethics 
Committee. A favourable ethical opinion has been obtained from South East 
Scotland REC.  NHS management approval has also been obtained. 
 
If you have any further questions about the study please contact Sarah Brown 
on: 
07506852131 or email: s.brown-32@sms.ed.ac.uk 
 
If you would like to discuss this study with someone independent of the study 
please contact: 
Jamie Pitcairn  
The State Hospital and Forensic Network 
01555 840293 Ext: 4355 
Jamie.pitcairn@nhs.net 

 
 
If you wish to make a complaint about the study please contact NHS Lothian: 
 
NHS Lothian Complaints Team 
2nd Floor 
Waverley Gate 
2 - 4 Waterloo Place 
Edinburgh 
EH1 3EG 
Tel: 0131 465 5708 
complaints.team@nhslothian.scot.nhs.uk. 
 

Thank you for taking the time to read this information sheet. 
 
Yours Sincerely, 
 
Sarah Brown     +     Dr Suzanne O’Rourke 
Clinical Psychology PhD Student     Clinical Neuropsychologis

mailto:complaints.team@nhslothian.scot.nhs.uk
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Appendix 5: Participant Consent Form 

CONSENT FORM 
Neuropsychology 10-year Follow-up Study 

 
Participant ID: 
 
Sarah Brown 
SCHOOL of HEALTH IN SOCIAL SCIENCE 
The University of Edinburgh 
Medical School 
Doorway 6, Teviot Place 
Edinburgh EH8 9AG 
Telephone 0750 685 2131 
 
                       Please initial box 
 
1. I confirm that I have read and understand the information sheet (as specified 
in this document header) for the above study and have had the opportunity to 
consider the information and ask questions. 
 
2. I understand that my participation is voluntary and that I am free to withdraw 
at any time, without giving any reason, without my medical care or legal rights being 
affected. 
 
3. I understand that relevant sections of my medical notes and assessment 
data collected during the study may be looked at by individuals from the University 
of Edinburgh, from the NHS organisation or other authorities, where it is relevant to 
my taking part in this research. I give permission for these individuals to have 
access to my records. 
 
4. I give consent to being re-assessed for the current NPSS follow-up study 
 
 
5. I give consent for individuals from the current NPSS Follow-up Study to have 
access to my medical records in paper, electronic or database form 
 
6.   I agree to my General Practitioner being informed of my participation in   this 
study  
 
 
 
________________________         ________________         ________________ 
Name of Participant             Date                            Signature 
 
 
 
_________________________        ________________        ________________ 
Name of Person taking consent Date                 Signature
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Appendix 6: Quality Assessment Form: MA 

Criteria  Score  Notes  

Study population 
  

 

A. Inclusion criteria/sampling procedure of 

cohort described?  

+/−/?  

B. Description of inclusion and exclusion 

criteria? 

+/−/?  

C. Description of characteristics of study 

population?  

+/−/?  

Response 
  

 

Baseline    

D. Response ≥75% of originally selected 

population  

+/−/?  

E. Information about non-responders 

versus responders 

+/−/?  

Follow-up    

F Loss to follow-up <20%?  +/−/?  

G. Prospective data collection +/−/?  

H. Follow-up of at least 36 months  +/−/?  

I.  Information completers versus loss to 

follow-up/drop-outs 

+/−/?  

Measures  
  

 

J. Clinical Diagnosis according to DSM-

IV 

+/−/?  

K. Same measures at base-line and follow-

up? 

+/−/?  

L.  Were measures shown to be validated?  +/−/?  

Analysis  
  

 

M. Are statistical methods appropriate for 

longitudinal study design?  

+/−/?  

N. Correction for confounders?  +/−/?  

Data 

presentation 

  
 

O. Are given numbers 

usable/transformable for meta-analysis 

+/−/?  

P. Are given numbers 

usable/transformable for meta-analysis, 

after contacting author? 

+/−/?  

 FINAL SCORE   
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Appendix 7: Quality Assessment Form: SR  

 Yes No 

Other 

(CD, 

NR, 

NA)* 

RESEARCH QUESTION(S) 

1.      Was the research question or objective in this paper clearly 

focused and clearly stated? 
     

SELECTION OF SUBJECTS 

2.      Was the study population clearly specified and defined?      

3.      Are diagnoses made using a standardized tool (DSM, ICD)      

4.      Was the participation rate of eligible persons at least 50%?      

5.      Were inclusion and exclusion criteria for being in the study 

pre-specified and applied uniformly to all participants? 
     

6.      Were all the subjects selected or recruited from the same or 

similar populations (including the same time period)?   
     

7.      Was comparison between participants and those lost to 

follow-up / drop outs explored?  
     

8.      Was a sample size justification, power description, or 

variance and effect estimates provided? 
     

ASSESSMENT 

9.      For the analyses in this paper, were the exposure(s) of 

interest measured prior to the outcome(s) being measured?  
     

10.  Was the timeframe sufficient so that one could reasonably 

expect to see an association between exposure and outcome if it 

existed? 

     

11.  For exposures that can vary in amount or level, did the study 

examine different levels of the exposure as related to the outcome 

(e.g., categories of exposure, or exposure measured as continuous 

variable)? 

     

12.  Were the exposure measures (independent variables) clearly 

defined, valid, reliable, and implemented consistently across all 

study participants? 

     

13.  Was the exposure(s) assessed more than once over time? 
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14.  Were the outcome measures (dependent variables; i.e., 

violence) clearly defined, valid, reliable, and implemented 

consistently across all study participants? 

     

15.  Were the outcome assessors blinded to the exposure status of 

participants? 
     

16.   Is there evidence from other sources to demonstrate outcome 

assessment is both valid and reliable?  
     

 

STATISTICAL ANALYSIS & RESULTS 

 

17.  Is there believed to be selective reporting of results?  Are all 

outcomes that were planned reported or are some missing?      

  

18.  Was loss to follow-up after baseline 20% or less? 

 
     

19.  Are the results of this study directly applicable to the patient 

group targeted?  
     

 

CONFOUNDING VARIABLES 

 

20.  Were key potential confounding variables measured and 

adjusted statistically for their impact on the relationship between 

exposure(s) and outcome(s)? 

     

Quality Rating (Good, Fair, or Poor) (see guidance)    
Rater #1 initials:     
Rater #2 initials:    
Additional Comments (If POOR, please state why):     
*CD, cannot determine; NA, not applicable; NR, not reported    
Comments:  

 

 


