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Abstract 

Mild cognitive impairment (MCI) has emerged as a classification for a prodromal phase of 

cognitive decline that may precede the emergence of Alzheimer's disease (AD). Studies of 

MCI show elevated rates of conversion to dementia at the group level. In contrast, 

longitudinal examination of individual outcomes in MCI samples reveal great 

heterogeneity, with up to 44% of persons remaining stable or improving in cognitive 

functioning. Recent research suggests that attention, executive and working memory 

deficits may appear at the earliest stages of AD and these deficits may be more predictive 

of the emergence of AD than memory processing deficits. In the present longitudinal 

study, 48 multiple-domain amnestic-MCI (a-MCI+), 12 single-domain amnestic-MCI (a

MCI), 29 non-amnestic MCI (na-MCI), and 26 age- and education-matched controls 

undertook neuropsychological assessment of visual and verbal memory, attentional 

processing, executive functions, working memory capacity, and semantic language at 10 

month intervals. The results indicate that both a-MCI+ and na-MCI display a decline in 

simple sustained attention with the a-MCI+ group also displaying a significant decline on a 

task of divided attention. However, both a-MCI+ and na-MCI were found to display stable 

deficits to all other measures of attention, working memory and executive functioning, 

with a-MCI+ also being associated with stable impairments to visual and verbal memory. 

Subsequent analyses indicated that outcome classification at 20 months varied 

considerably between MCI subgroups. Of the a-MCI+ group 25% progressed to AD, with 

none of the a-MCI or na-MCI groups progressing to AD. Among the different MCI sub

classifications 12-42% improved to normal levels of function, 17-55% remained stable; 

and 10-24% transitioned to the a-MCI+ subtype. Discriminant function analysis identified 

that a combination of measures of attention, working memory, and visual, verbal and 

semantic memory at baseline correctly identified the outcome of 84% of participants at 20 



months. The results of the present study raise questions regarding the specificity of 

existing criteria for the subtypes of MCI, with the results of this study indicating a high 

degree of instability in MCI classification over time. 
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Everyone has occasional lapses in memory. It is normal to forget where you put your car 
keys or to blank on the names of people whom you rarely see ..... but the memory problems 

associated with Alzheimer's disease persist and worsen. 
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1. General Introduction 

Dementia is the umbrella term for a heterogeneous group of disorders characterised by loss 

of memory and impairment to thinking and problem-solving capabilities. Dementia causes 

progressive neurodegeneration, eventually leading to death (Bondi et al., 2008). There are 

multiple types of dementia, including Alzheimer's disease (50-70% of all dementia cases), 

vascular dementia (10-20% of cases), Lewy body dementia (10-20% of cases), and 

frontotemporal dementia (2% of cases); however, many cases have a mixture of 

pathologies (Banich, 2004). As the majority of dementia syndromes are characterised by 

an insidious onset and progressive course, intense research effort has been devoted toward 

clarifying the boundary between the subtle cognitive changes associated with normal aging 

and cognitive changes that may represent the earliest stages of a dementia syndrome. 

Although the incidence of cognitive disorders such as Alzheimer's disease and related 

dementias increases dramatically with age (Petersen, 2004), dementia is no longer 

considered to be an inevitable outcome of aging. 

Age is the greatest risk factor for dementia (Bondi, et al., 2008). Consequently, with a 

trend for an increasingly aging population in the Western world, there is a resultant 

increase in the proportion of the population suffering from dementia. From an economic 

perspective, dementia is a major public health problem posing a significant impact on 

health care and social costs to the wider community. In 2008, an estimated 227,300 people 

in Australia suffered from dementia with this projected to increase to 460,000 by 2041 in 

Australia. The reason is that the very elderly, who are the age group most at risk for 

dementia, will be the fastest growing segment of the population. By 2016, dementia is 

projected to be the largest source of burden of disease (a concept that embraces both 

mortality and disability) for women and the fifth largest for men. Consequently, the direct 
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cost to the heath care system of dementia is projected to rise to $8.2 billion by 2022-23 

(Access Economics, 2006). 

1.1 Alzheimer's Disease 

Alzheimer's Disease (AD) is the most commonly diagnosed form of dementia 

(Alzheimer's Association, 2009) and is a progressive cortical degenerative disorder with a 

characteristic pattern ofneuropsychological deficits (Perry, Watson, & Hodges, 2000). The 

most pronounced of these being the impairment of episodic memory processing, affecting 

both the retrieval of well-learned information as well as the learning of new information 

(Parasuraman & Haxby, 1993). In terms of the pattern of cognitive impairments associated 

with AD, it is well established that AD is heterogeneous in presentation. For instance, 

subgroups of AD patients have been found to exhibit disproportionate impairment in 

spatial abilities relative to verbal skills with other subgroups displaying the reverse pattern 

of impairments (Demadura, Delis, Jacobson, & Salmon, 2001). Neuroimaging studies of 

AD patients reveal asymmetric abnormalities in brain metabolism; which is not surprising 

given that a diffuse neurologic process like AD often causes asymmetrical cerebral 

pathology (Demadura, et al., 2001). 

While the cause of AD is yet to be established, it is clear that AD is a consequence of a 

complex series of events that take place in the brain over a long period of time. It is likely 

that many factors, both inherited and environmental, interact in a complex and poorly 

understood way to trigger the disease. Some researchers postulate that converging risk 
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factors trigger a pathophysiologic cascade that over decades leads to Alzheimer pathology 

and dementia (Borenstein, Copenhaver, & Mortimer, 2006). These converging risk factors 

include: advancing age, vascular factors, and related disorders (e.g., midlife high blood 

pressure and obesity, diabetes, cerebral microvascular lesions, and smoking) (Qiu, Xu, & 

Fratiglioni, 2010). AD is unique in that it may be the only late-life disease that has a long 

"silent" prodromal phase, no validated biological test for diagnosis, and imprecise 

measures of correlation between progression of phenotype and progression of pathology 

(Williams, Plassman, Burke, Holsinger, & Benjamin, 2010). 

The diagnosis of AD is clinically and pathologically challenging. Currently, the diagnosis 

of "probable AD" requires: deficits in two or more areas of cognition, these deficits being 

of sufficient severity to disturb the activities of daily living; a progressive worsening of 

memory and other cognitive functions; with other dementing disorders being excluded 

(McKhann et al., 1984). Thus, despite the significant progress made in identifying 

imaging, cerebrospinal fluid, and blood markers of disease, the diagnosis of AD during life 

is currently based primarily on the phenotypic presentation of cognitive and functional 

decline. "Definite AD" can be diagnosed only after death by linking clinical course with an 

examination of brain tissue and pathology in an autopsy (Banich, 2004). This diagnosis is 

often complicated by the fact that the correlation between AD pathology and cognitive 

symptoms is limited because AD-specific pathology infrequently occurs in isolation. 

Typically other pathology, such as various types of vascular lesions or Lewy bodies are 

present and these may increase with advancing age. The presence of these multiple 

pathologies suggests that dementia is often due to multiple causes and not solely AD or 

any other single etiology (Williams, et al., 2010). 
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Early diagnosis of AD is beneficial for several reasons. Accurate and early identification 

has become increasingly important since the advent of potential disease-modifying drugs. 

Commencing pharmaceutical treatment in the early stages of the disease may help preserve 

function for an indefinite period of time, even though the underlying AD process cannot be 

changed. Having an early diagnosis also assists families plan for the future, make living 

arrangements, take care of financial and legal matters, and develop support networks. 

Current therapies provide only modest symptomatic benefit, so methods to delay onset 

and/or modify progression are crucially needed. The development of symptomatic 

treatments for mild-to-moderate AD has spurred interest in the early detection and 

management of this disorder, and in the development of tools that predict those individuals 

with mild cognitive impairment who will later develop AD (Davis & Rockwood, 2004). 

Critical to early diagnosis is a fuller understanding of the possible range of presenting 

cognitive features and progression of disease. 

The stereotypical presentation of patients with AD is dominated by an anterograde 

episodic memory impairment with additional less prominent deficits to attention and 

executive processes, semantic memory and/or visuospatial abilities (Bondi, et al., 2008; 

Perry & Hodges, 1999; Perry, et al., 2000). The traditional view is that the preclinical stage 

of AD is associated with the loss of episodic memory processing, both of retrieval ofwell

learned information and with the new learning of episodic information. As the disease 

process develops there is a progression of other neuropsychological deficits, typically the 

emergence of language disorders ( dysphasias, dysnomias ), visuo-spatial processing 

deficits, and then later the presence of deficits to attention and executive functions (Perry, 

et al., 2000). However, recent evidence (Alladi, Arnold, Mitchell, Nestor, & Hodges, 2006; 

Backman, Jones, Berger, Laukka, & Small, 2004, 2005; Baddeley, Baddeley, Bucks, & 
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Wilcock, 2001; Belleville, Chertkow, & Gauthier, 2007; Chertkow et al., 2007; Grober et 

al., 2008; Grober & Kawas, 1997; Mickes et al., 2007; Perry, et al., 2000; Storandt, Grant, 

Miller, & Morris, 2006) contradicts this earlier point of view, indicating that while 

impaired episodic memory is the dominant cognitive deficit in AD that multiple brain 

structures and cognitive domains are also affected years before the clinical diagnosis of 

AD. 

As therapeutic interventions for AD may have the greatest potential in the early stages of 

the disease, recent clinical and community based research has focused on identifying 

individuals in this preclinical or 'prodromal' stage of the disease process that are 

presumably at high risk of progressing to AD. The notion of a preclinical stage of dementia 

has been variously described; the most widely used term being "mild cognitive 

impairment" (MCI; Alladi, et al., 2006; Flicker, Ferris, & Reisberg, 1991). The consensus 

view is that people with MCI experience memory loss and/or cognitive impairments to a 

greater extent than predicted by age alone, do not meet currently accepted criteria for 

dementia and are at increased risk of developing dementia (Orgogozo, 2006; Petersen & 

Morris, 2005). 

1.2 Mild Cognitive Impairment - Overview 

MCI is not an established diagnosis (K. Palmer, Fratiglioni, & Winblad, 2003); rather, it is 

an evolving construct that refers to a transitional cognitive state between normal aging and 

the early stages of dementia (Petersen, 2004), for which different criteria have been 

proposed. MCI has come to represent a transitional zone between the changes of normal 
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aging and the very earliest clinical features of AD (Petersen, 2005). Thus, it has been 

suggested that MCI is a 'risk' or 'prodromal' state for AD and perhaps other dementias 

(Arai, 2005). Many studies suggest that individuals with MCI are at increased risk of 

progression to AD (Tabert et al., 2006). Although estimates vary, 10-15% of amnestic

MCI patients develop AD annually (Petersen, 2004; Petersen et al., 1999) as opposed to a 

rate of 1-2% per year in the general population (Petersen et al., 2001); however, some 

progress to other forms of dementia, remain stable, or revert to a normal cognitive state 

upon longitudinal follow-up (Gauthier & Touchon, 2005). While the prognosis of MCI is 

partially dependent on the classification criteria used to define MCI, it is evident that MCI 

is a heterogeneous condition. 

Initially, some authors advocated strongly for the exclusive use of the term MCI to 

describe a specific clinical syndrome, presumed to be a precursor to Alzheimer' s disease, 

characterized by subjective and objective memory impairment in the absence of other 

cognitive impairment or functional decline (Petersen, et al., 1999). Criteria reflecting this 

assumption were proposed by Petersen et al. (2001; 1999) and were widely used in clinical 

and research settings: (i) informant-corroborated complaints of memory loss (ii) objective 

evidence of memory impairment (usually greater than 1.5 standard deviations below a 

demographically matched control group on a verbal memory test), (iii) preserved general 

cognition, (iv) preserved activities of daily living (ADL), and (v) no dementia (Grundman 

et al., 2004). According to these criteria, MCI is considered to be an amnestic state with 

otherwise preserved cognitive functioning and a very high rate of progression to clinical 

AD (Alladi, et al., 2006). 
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Recent research indicates that single-domain amnestic-MCI is a rare and unstable 

condition, with longitudinal clinic-based studies indicating that while a significant 

proportion of a-MCI patients will eventually progress to AD (Roach, 2005), some progress 

to other dementia types, remain stable, or even recover (Gauthier & Touchon, 2005). It has 

been suggested this variability and lack of specificity in the MCI criterion for accurately 

predicting the risk for developing AD may reflect the heterogeneity of the clinical and 

etiological presentation of MCI (Arai, 2005; Petersen, 2004; Winblad et al., 2004). 

Recently, attempts have been made to redress these issues by broadening and 

reconceptualising the MCI construct into subtypes. 

1.2.1 MCI Subtypes 

A recent consensus report from the International Working Group on Mild Cognitive 

Impairment recommended a broadened conceptualisation of MCI, characterised by 

subjective and objective impairment (or documented decline) in any cognitive domain in 

the absence of significant functional decline (Winblad, et al., 2004) with guidelines for 

sub-classifying individuals with MCI according to the nature and extent of impairment. 

Thus, MCI has been reconceptualised as consisting of two major subtypes: amnestic-MCI 

and nonamnestic-MCI. These subtypes can be further sub-classified into single or 

multiple-domain categories (Petersen & Morris, 2005; Winblad, et al., 2004) ( 

Figure J). Arnnestic-MCI is characterised by a prominent memory impairment (a-MCI), 

with additional mild levels of impairment to other cognitive domains (a-MCI+), whereas 

nonamnestic-MCI involves impairment to one (na-MCI) or more (na-MCI+) non-memory 
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cognitive domains (Petersen & Morris, 2005). However, evidence to date for the predictive 

validity of these MCI subtypes is equivocal (Busse, Hensel, Guhne, Angermeyer, & 

Riedel-Heller, 2006; Fischer et al., 2007; Lopez et al., 2007; Ravaglia et al., 2006; Tabert, 

et al., 2006; Zanetti et al., 2006). Furthermore, neuropsychological tests assessing 

cognitive deficits in non-memory domains have not been specified, and cut-off scores have 

yet to be determined 

Yes 

Not normal for age 
Not demented 

Cognitlvc dedlne 
EssentfaHy normal furv.::tional activities 

y~ No 

AmnesticMO Norr-amnestic: MCI 

M<imory No Ye:s 
S!ngle non-memory 

impairment only? cognitive domain 
impaired? 

Figure 1 MCI classification tree (Petersen & Morris, 2005) 

No 

Recently, Petersen et al. (2001) hypothesised that amnestic multiple-domain MCI is more 

likely to progress to vascular dementia (V aD), whereas single-domain amnestic MCI is 

likely to progress to AD (Figure 2). Conversely, findings from retrospective studies have 

shown that the majority of individuals diagnosed with AD displayed amnestic (single or 

multiple domain) MCI prior to developing dementia. However, MCI may also be a 
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prodromal state for other dementias, such as vascular dementia, multi-infarct dementia or 

frontal lobe dementia (Roach, 2005). Alternatively, the deficit(s) observed may be caused 

by potentially reversible states of cognitive impairment: psychiatric dysfunction (e.g. 

depression, psychosis, bipolar disorder, or anxiety disorders), acute toxic exposure effects 

(e.g. , alcohol or solvents), metabolic disorders (e.g. type II diabetes or renal disease), 

hormonal imbalances (e.g. menopause, testosterone depletion), vascular disorders (e.g. 

silent strokes, hypotension or hypertension), viral infection, central nervous system 

degenerative diseases, medication side effects, vitamin B 12 deficiency, or delirium (Lezak, 

Howieson, & Loring, 2004). 
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mild cognitive 
impa irment 

Single 
domain 

Multiple 
domain 

Degenerative 

Alzheimer's 
disease 

Alzheimer's 
disease 

Vascular 

Vascular 
dementia 

Cause 

Psychiatric 

Depression 

Depression 

Medical 
disorders 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Single Frontotemporal 
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Figure 2 Potential aetiologies for MCI subtypes (Gauthier et al. , 2006). 

To date, studies examining conversion rates from a-MCI and na-MCI to AD indicate that 

the revised MCI subtypes (Petersen & Morris, 2005 ; Winblad, et al. , 2004) may be of 

limited utility in predicting conversion to a variety of forms of dementia. While those 

classified as a-MCI frequently progress to AD, those classified as na-MCI also show high 
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rates of conversion to AD. Further, both a-MCI and na-MCI display increased risk for 

conversion to other forms of dementia, such as vascular dementia and dementia with Lewy 

bodies (Fischer, et al., 2007; Rountree et al., 2007). Research has established that single

domain a-MCI is not only rare, but also has low predictive value for the development of 

dementia (Fischer, et al., 2007; Rasquin, Lodder, Visser, Lousberg, & Verhey, 2005; 

Rountree, et al., 2007), and that AD can begin with cognitive difficulties in areas other 

than memory (Storandt, et al., 2006). Consequently, there is an emerging consensus that all 

MCI subtypes are at increased risk of converting to AD (Fischer, et al., 2007; Rountree, et 

al., 2007). Therefore, there is a need to develop valid screening tools that can: (I) 

discriminate between unimpaired individuals and those with MCI, and; (2) to identify 

those individuals with MCI who are most likely to progress to AD (Feldman et al., 2004). 

The capacity to accurately determine which individuals with MCI will go on to develop 

AD from those who will not offers the benefit of allowing the commencement of 

pharmacological, behavioural, and cognitive therapies at the earliest stages of disease 

progression, thereby maximising the potential of slowing disease progression (Griffith et 

al., 2006). 
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1.2.2. Prevalence, Incidence, and Conversion to Dementia 

Evidence to support the potential utility of MCI as a predictor of dementia comes from 

longitudinal studies of individuals with MCI using both clinical and epidemiological 

samples. It has been reported that approximately 50% of patients diagnosed with MCI will 

develop AD within three years (Cummings, 2003) but progression rates between studies 

vary considerably across MCI subtypes and settings, with higher rates for clinic than 

community or population based samples (Manly et al., 2005). Such studies have also 

produced varying prevalence and incidence rates for MCI. A recent review of nearly 40 

major MCI studies identified prevalence estimates for MCI in older adult samples ranging 

from I to 36%, while incidence rates for MCI ranged from 8-77/1000 per year. Rates of 

conversion from MCI to dementia ranged from 5-30% per year, compared to 1-2% among 

cognitively healthy older adults (Tuokko & McDowell, 2006). Variations in prevalence, 

incidence, and conversion rates may also be accounted for by: differences in syndromes 

studied (e.g., MCI versus Age-Associated Cognitive Decline); specific criteria for 

inclusion in the MCI group; operational definitions of "impairment"; mean age of 

participants; mean follow-up interval; statistical methodologies; presentation of results; 

study design; sampling and measurement techniques; and, specific criteria for conversion 

to dementia diagnosis (Bruscoli & Lovestone, 2004; Tuokko & McDowell, 2006). 

The rates of progression to dementia mentioned above for individuals with MCI may only 

be valid for a-MCI, since classification criteria based on prominent memory deficits were 

used in these studies (Petersen, et al., 2001). Studies examining the prognosis of MCI have 

found higher progression rates to dementia at 2 years for multiple-domain MCI (30%) 

compared with a-MCI (24%) or single domain non-memory MCI (4%) (Rasquin, et al., 
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2005). The notion of multiple cognitive system breakdown is consistent with data that 

conversion rates to AD over 3 years are considerably greater for patients with deficits to 

episodic memory and other cognitive domain (e.g. attention, executive functions) at 

baseline than for those who have isolated memory deficits (Backman, et al., 2004). A study 

by Bozoki et al. (2001) also showed that in a sample of non-demented elderly patients, 

those presenting memory loss alone rarely progressed to dementia, with an eightfold 

greater risk of developing dementia in those presenting impairments in other cognitive 

areas beyond memory loss. 

1.2.3. Clinical versus population/community based studies 

The concept of MCI has essentially derived from clinical settings, and the definitions are 

continually being revised (Panza et al., 2007). In clinic based studies it has been difficult to 

determine whether deficits in other cognitive domains exist in AD before memory is 

affected because memory impairment is required for admission to a study sample. The 

MCI construct is not without criticism and debate regarding its clinical utility. At issue is 

that much of the research validation of MCI has stemmed from specific clinical settings, 

typically specialised memory disorder clinics. Longitudinal, population-based studies of 

MCI have resulted in generally lower and more variable prevalence estimates and rates of 

progression to dementia (Fisk & Rockwood, 2005; Ganguli, Dodge, Shen, & DeKosky, 

2004; Ritchie, Artero, & Touchon, 2001). Of particular concern is the issue of stability of 

MCI in population-based studies, as the rates of MCI subjects who 'revert to normal' over 

follow-up are surprisingly high (e.g. 25-40%) (Ganguli, et al., 2004; Larrieu et al., 2002; 
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B. W. Palmer, Boone, Lesser, & Wohl, 1998; Ritchie, et al., 2001). Differences between 

studies in proportions/prevalence, conversion rates and stability of MCI are clearly 

influenced by important methodological differences such as study setting, subject 

selection, age, MCI definition and assessment approach. 

Epidemiological studies, because of the large sample sizes involved, often employ less 

detailed cognitive testing protocols than those used in some smaller cohort studies and 

most clinical settings. Population screening for MCI in community-based studies lacks 

sufficient sensitivity to capture a high proportion of those at risk for dementia. Further, 

such studies have shown both a lack of temporal stability and poor predictive validity for 

conversion to AD for MCI groups selected using Petersen and colleagues' original criteria 

(e.g., Ritchie, et al., 2001). However, data from two smaller-scale cohort studies 

employing more detailed, and presumably more reliable, cognitive assessment in the 

classification of MCI document nontrivial rates of reversion from MCI to normal levels of 

function. In a community cohort of 157 older adults tested on a battery of seven 

neuropsychological measures of memory, de Jager and Budge (2005) documented a 

reversion rate of 35% over a two year interval. In a sample of 70 research participants with 

MCI identified by clinical consensus review of neurological and neuropsychological 

evaluation data, 7% of those identified as amnestic MCI and 17% of those identified as 

nonamnestic MCI reverted to normal at one year follow up (Loewenstein, Acevedo, 

Agron, Martinez, & Duara, 2007). Even within clinical samples, where the overall rates of 

conversion to dementia have been shown to be higher compared to community samples 

(Bruscoli & Lovestone, 2004), the phenomenon ofreversion has been documented. One 

study followed a clinic sample of 127 outpatients with MCI (operationalized as Clinical 

Dementia Rating score CDR= 0.5) finding that of the 75 patients with complete follow-up 
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data, almost half (44.4%, or 26.2% of the original sample) reverted to nonimpaired status 

(CDR=O) after one year (Devanand, Folz, Gorlyn, Moeller, & Stern, 1997). 

1.2.4. Instability of MCI Classifications 

Although MCI has been conceptualized as a precursor to dementia (Petersen, et al., 1999), 

evidence for the utility of MCI as a predictor of impending dementia has been found to be 

somewhat limited. While individuals with MCI do show elevated rates of conversion to 

dementia at the group level, heterogeneity of outcome is common at the individual level 

(for reviews see Bruscoli & Lovestone, 2004; Petersen, 2004; Tuokko & McDowell, 

2006). Longitudinal studies attest to not only the increased risk of progressing but also to 

the variability in outcome: some individuals with MCI develop dementia; some remain 

stable for long periods; and some revert to an unimpaired status (Larrieu, et al., 2002; 

Ritchie, et al., 2001). Thus, a major limitation to the clinical utility of MCI is that not all 

individuals with MCI convert to dementia; between 40-70% of patients with amnestic-MCI 

improve or remain stable at follow-up, and no data are currently available for the other 

MCI subtypes (Ravaglia, et al., 2006). 

While variation in the rate of conversion to dementia raises questions about the utility of 

the MCI classification as an indicator of impending dementia, perhaps more striking are 

reports that a sizeable minority of individuals classified as MCI fail to demonstrate 

cognitive impairment at subsequent assessment. Such individuals are said to "revert" from 

MCI to unimpaired or cognitively normal status. Rates of reversion have been reported in a 
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number of major epidemiological samples. Ritchie and colleagues reported a 15% rate of 

reversion across a one-year follow up interval in a French sample (Ritchie, et al., 2001). 

Rates of reversion in a second, independent French sample ranged from 32-41 % over two 

years, depending on the operational definition of MCI (Larrieu, et al., 2002). In a German 

sample, rates of reversion across a one and a half year follow up interval ranged from 18-

22%, again depending on the operational definition of MCI (Busse, et al., 2006). In an 

American sample, 28% of individuals with MCI reverted to normal after a two-year follow 

up interval (Ganguli, et al., 2004). A study from the Canadian Study of Health and Aging 

(Fisk, Merry, & Rockwood, 2003) examined progression to dementia over a five-year 

period in four different types of amnestic MCI (with and without subjective memory 

impairment, with and without intact instrumental activities of daily living). Of the 

individuals characterized as amnestic MCI, 26-32% (depending on amnestic MCI version 

under consideration) were cognitively normal at five-year follow-up. 

Fischer et al. (2007) classified 141 patients with MCI into amnestic-MCI (n = 48) and 

nonamnestic-MCI (n = 93) subtypes at baseline. Thirty months later 41 of these MCI 

patients were diagnosed with AD. The rate of conversion to AD was 48. 7% for amnestic

MCI and 26.8% for nonamnestic-MCI. Another 49 (12.6%) AD cases originated from 

individuals who were cognitively healthy at baseline (n = 390). At follow-up, 26 (21.5%) 

of the MCI patients were found to be cognitively normal: 16.2% of a-MCI and 27.0% of 

na-MCI. Interestingly, only na-MCI but not a-MCI predicted the sub-type of MCI at 

follow-up, with only four a-MCI subjects retaining that classification at follow-up. On the 

other hand, 28 subjects with na-MCI had na-MCI at follow-up, but only two subjects with 

na-MCI had a-MCI at follow-up. The authors concluded that whilst patients with MCI 

showed a high probability to be diagnosed with AD after 30 months, subtypes of MCI 
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were not useful in defining early stages of various types of dementia: not only a-MCI but 

also na-MCI converted frequently to AD; and conversion to vascular dementia and 

dementia with Lewy bodies was not restricted to na-MCI. 

1.2.5. Limitations of Single-Session Assessment and Single-Test Impairment 

The same factors that may account for variation in conversion rates may also contribute to 

variation in reversion rates in MCI (e.g., varying inclusion/exclusion criteria for type of 

cognitive impairment and age of participants, use of clinic versus community samples, 

differing methods of identifying cognitive impairment, varying reliability of cognitive 

assessment measures, sample sizes, statistical methods, length of longitudinal follow-up). 

However, an important and largely overlooked issue in MCI research that may be a 

significant contributor to classification instability is the reliance on single- session 

assessment and single-test impairment. That is, although wide variation in operational 

definitions of MCI exists across studies, in practice, the vast majority of the recent studies 

specify an objective cognitive impairment inclusion criterion for MCI which is 

operationalized as impaired performance on a single psychometric test at a single time 

point (Busse, et al., 2006; de Jager & Budge, 2005; Ganguli, et al., 2004; Larrieu, et al., 

2002; Loewenstein, Acevedo, Agron, Martinez, et al., 2007; Ritchie, et al., 2001). This 

practice, although common, is highly problematic. Large-scale normative data collection 

efforts have demonstrated that isolated impaired scores on neuropsychological measures 

are relatively common among cognitively normal samples. For example, within the 

carefully screened, neurologically normal sample employed by Heaton and colleagues 
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(1991) to generate comprehensive normative data for the Halsted-Reitan 

neuropsychological battery, 90% of participants obtained at least one score in the 

"abnormal" range (i.e., T-score ~ 39). 

Brooks and colleagues (Brooks, Iverson, Holdnack, & Feldman, 2008; Brooks, Iverson, & 

White, 2007) examined base rates of low memory scores among neurologically normal 

older adults in the Neuropsychological Assessment Battery (NAB; R. A. Stem & White, 

2003) normative sample (age 55-79, N=742) as well as the Wechsler Memory Scale -

Third Edition (WMS-III; Wechsler, 1997) normative sample (age 55-87, N=550). On the 

NAB Memory Module, a battery of four memory tests (i.e., List Leaming, Shape Leaming, 

Story Leaming, Daily Living Memory) that yields ten subtest T scores based on age-, 

gender-, and education-corrected norms, over half (55.5%) of the "normal" individuals had 

at least one of ten subtest scores greater than 1 SD below the mean for their demographic 

group; 30.8% of individuals had one score greater than 1.5 SD below their group mean; 

and 16.4% had at least one score greater than 2 SD below their group mean (Brooks, et al., 

2007). The proportion of individuals scoring below specified cut-off scores was greatly 

influenced by estimated intelligence level. For example, 80.1 % of individuals with low

average intellectual functioning obtained one score below a 1 SD cutoff compared with 

46.4% of individuals with high-average intellectual functioning. Similarly, on the WMS

III, a battery of memory measures comprised of 11 subtests (yielding a total of 8 scores), 

over half (64.1 %) of the "normal" individuals had at least one of eight subtest scores 

greater than 1 SD below the mean for their age group and 70% of the sample had at least 

one of eight scores greater than 1 SD below the mean for their demographic group (Brooks 

et al., 2008). Similarly, 12.9% had at least one of eight subtest scores greater than 2 SD 

below the mean for their age group and 21.6% had at least one of eight scores greater than 
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2 SD below the mean for their demographic group. Again, the proportion of individuals 

scoring below cut-off scores was strongly influenced by estimated intelligence level. The 

authors discussed the implications of these findings in terms of the risk for identifying 

normal individuals as "accidental MCI," a term that was first coined by de Rotrou and 

colleagues (2005) to refer to individuals who are diagnosed with MCI at one time point, 

but later show cognitive test performance in the normal range. 

Although base-rate data from large-scale, single-battery normative samples are 

informative, many neuropsychologists take a "flexible-battery" approach (Lezak, et al., 

2004; Strauss, Sherman, & Spreen, 2006), employing a series of specific tests from a range 

of sources to selectively tailor their clinical data gathering to the cognitive domains of 

interest. Palmer and colleagues had this approach in mind when they examined 

psychometric test scores in a carefully screened healthy, neurologically normal, older adult 

sample (age 50-80; N= 132) across a selection ofneuropsychological tests commonly 

employed in clinical practice (B. W. Palmer, et al., 1998). Individuals were tested on a 

relatively brief (two and a half hour) session which included the following tests: the Mini

Mental State Exam (Folstein, Folstein, & McHugh, 1975); Wechsler Adult Intelligence 

Scale-Revised (WAIS-R; Wechsler, 1981); Digit Span and Digit Symbol; Wechsler 

Memory Scale-Revised (WMS-R; Wechsler, 1987); Logical Memory and Visual 

Reproduction; Stroop Words and Colors; Boston Naming Test (Kaplan, Goodglass, & 

Weintraub, 1983); Controlled Oral Word Generation Test (Lezak, 1995); Rey-Osterreith 

Complex Figure Test (Lezak, 1995); Recognition Memory Test (Warrington, 1984); 

Auditory Consonant Trigrams (Stuss et al., 1982); and Wisconsin Card Sorting test 

(Heaton, Chelune, Talley, Kay, & Curtiss, 1993). Results indicated that 73% of individuals 

obtained at least one score in the range traditionally considered "below normal limits" 
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(e.g., 1.3 SD below the normative mean; <9th percentile) and 48% had two scores in this 

range. Further, 37% of individuals had at least one score in the "impaired" range (e.g., 2 

SD below the mean; <3rd percentile) and 24% had two scores in this range. Proposed 

explanations for the high proportion of purportedly normal individuals evidencing 

impaired performance include transient fatigue, low mood, or loss of motivation on the 

part of the participant. 

20 



Chapter2 

21 



2. Cognitive Domains Implicated in MCI and Early AD 

Defining the nature and timing of cognitive changes in AD is important for several 

reasons. Theoretically, knowledge regarding the transition from normal aging to dementia 

is vital in furthering an understanding of how the disease evolves. Understanding the 

history of progression of cognitive changes will assist with the development of prediction 

models and identify candidates for preventive intervention. Clarity about progression 

history may improve the measurement of cognitive changes in the context of prevention 

trials. Understanding the sequential unfolding of cognitive deficits will help inform the 

optimal combination of neuropsychological and radiographic measures to predict onset and 

will improve the correlation with AD pathology. Finally, from a clinical perspective, 

identifying individuals at risk for developing AD as early as possible is imperative for 

maximising treatment efficacy. 

Heterogeneity is observed both in brain regions affected by AD pathology and in clinical 

cognitive symptoms at presentation (Blennow & Wallin, 1992). Typically, however, the 

observed pattern of cognitive decline in Alzheimer's disease (AD) involves early episodic 

memory impairment (generally assessed using a test of verbal episodic memory), followed 

by deficits in attention, visuospatial abilities, and language. This sequential pattern is 

believed to correspond to initial pathology in the medial temporal lobe with subsequent 

spread to other neocortical association regions (Alladi, et al., 2006; Hodges, 2006). In 

contrast to the traditional view that episodic memory is the first cognitive function 

affected, recent research suggests the earliest cognitive deficits in the preclinical stage of 

AD may not be detectable using tests of verbal episodic memory (Backman, et al., 2004; 

Bondi, et al., 2008; Chen et al., 2000; Grundman, et al., 2004; Loewenstein, Acevedo, 

Agron, Martinez, et al., 2007; Rasquin, et al., 2005; Storandt, 2008; Storandt, et al., 2006), 
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with deficits to visual memory (e.g., Alladi, et al., 2006; de Jager, Hogervorst, Combrinck, 

& Budge, 2003), attention (e.g., Belleville, et al., 2007; Meyer, Xu, Thomby, Chowdhury, 

& Quach, 2002; Rapp & Reischies, 2005), working memory and executive function (e.g., 

Albert, Moss, Tanzi, & Jones, 2001; Baddeley, Baddeley, et al., 2001; Belleville, Rouleau, 

Van der Linden, & Collette, 2003; Brandt et al., 2009; Grober, et al., 2008; Herukka et al., 

2007; Rapp & Reischies, 2005), and semantic memory/language (e.g., Cuetos, Arango

Lasprilla, Uribe, Valencia, & Lopera, 2007; Mickes, et al., 2007) co-occurring with or 

preceding verbal memory impairments. 

Numerous studies have demonstrated that patients who develop AD experience an elevated 

rate of cognitive decline for many years before diagnosis. Although memory decline has 

been a focus, other cognitive domains also show rapid decline in comparison to those who 

do not develop AD (Backman, et al., 2004, 2005). To determine level of impairment across 

different cognitive domains in preclinical AD, Backman et al. (2005) conducted a meta

analysis of 47 studies involving 9,097 controls and 1,207 "preclinical" AD cases. The 

results of this meta-analysis suggest the existence of preclinical deficits in global cognitive 

ability, episodic memory, perceptual speed, and executive functioning. Smaller deficits 

were also observed in verbal ability, visuospatial skill, and attention. A more recent review 

(Twamley, Ropacki, & Bondi, 2006) of73 neuropsychological studies investigating 

preclinical AD provides partial support for the findings of Backman et al; indicating that 

this preclinical stage is characterised by subtle deficits in attention (evident in 71 % of 

studies in which was attention was assessed), learning and memory (57% and 50% 

respectively), executive functioning (44%), processing speed (43%), and language (33%). 

Furthermore, this review revealed that attention, although not as commonly assessed as 
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learning and memory, is more consistently associated with the later development of AD 

than memory deficits. 

Storandt et al. (2006) established that more than one third of their MCI sample 

subclassified according to Winblad et al.'s (2004) revised MCI criteria and subsequently 

diagnosed with pathologically confirmed AD, began with deficits to cognitive domains 

other than episodic memory. In addition, Rapp and Reischies (2005) report that poor initial 

performances on measures of attention and executive function were better predictors of 

those nondemented participants that were diagnosed with AD two years later than were 

tests of episodic memory. Grober et al. (2008) examined the temporal unfolding of 

declining memory performance and executive function before the diagnosis of AD by 

aligning subjects on time of AD diagnosis and then examining the cognitive course 

preceding diagnosis. They found that the rate of decline in performance on tests of episodic 

memory accelerated 7 years prior to diagnosis and the rate of decline in performance on 

tests of executive function accelerated 2-3 years before diagnosis. Johnson et al. (2009) 

examined global mental ability, verbal memory, working memory and visuospatial ability 

in 134 individuals who developed AD and 310 who remained nondemented. This study 

established that the optimal inflection point for all four factors was prior to a diagnosis of 

dementia: global, 2 years; verbal and working memory, 1 year; and visuospatial, 3 years. 

Prior to an inflection point the longitudinal course of those who did and did not develop 

AD was the same. Furthermore, their results indicate that the greatest rate of preclinical 

decline occurred on tasks of executive functioning and attention. 

The aforementioned studies indicate that cognitive functions other than memory are 

affected years before a clinical diagnosis of AD, with difficulties performing tasks 
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involving executive functions, such as attention control and working memory, often being 

the first indicators of the disease noticed by families (Storandt, 2008). Accordingly, it is 

important to delineate specific patterns of non-memory test impairment within MCI, in 

addition to episodic memory deficits, with increasing evidence that memory deficits plus 

secondary deficits are more predictive of progression than episodic memory deficits alone 

(Alexopoulos, Grimmer, Perneczky, Domes, & Kurz, 2006; Bozoki, et al., 2001; Brandt, et 

al., 2009; Espinosa et al., 2009; Herukka, et al., 2007; Lonie, Herrmann, Donaghey, & 

Ebmeier, 2008; Rasquin, et al., 2005; Ritchie, et al., 2001; Sacuiu et al., 2009; Tabert, et 

al., 2006). 

Classification criteria for MCI, operationalisation of MCI, cognitive domains assessed and 

the neuropsychological tests employed differ widely and continue to emphasise the 

presence of verbal memory impairments as diagnostic of AD. Such criteria underestimate 

the importance of examining non-memory cognitive functions that are compromised in the 

early stages of AD. It has recently been suggested that attention, executive, semantic 

language, and working memory deficits may be more consistently associated with the later 

development of AD in individuals with MCI than memory processing deficits (Backman, 

et al., 2004; Bondi, et al., 2008; Chen, et al., 2000; Grundman, et al., 2004; Loewenstein, 

Acevedo, Agron, Martinez, et al., 2007; Rasquin, et al., 2005; Storandt, 2008; Storandt, et 

al., 2006). Accordingly, it is important to delineate specific patterns of cognitive 

impairment within MCI, as there is increasing evidence that primary deficits to memory 

combined with secondary deficits to other cognitive functions are more predictive of 

progression to AD than episodic memory deficits alone (Brandt, et al., 2009; Espinosa, et 

al., 2009; Herukka, et al., 2007; Lonie, et al., 2008; Rasquin, et al., 2005; Ritchie, et al., 

2001; Sacuiu, et al., 2009; Tabert, et al., 2006). 
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2.1. Episodic Memory 

Impaired episodic memory performance is one of the earliest and most characteristic 

symptoms of AD (Mc.Khann, et al., 1984; Small, Mobly, Laukka, Jones, & Backman, 

2003; Spinnler, 1991), a symptom that reveals itself both in complaints oflapses of 

memory in everyday life, as well as in impairments that are evident in performance on 

neuropsychological tests. Research investigating the qualitative profile of memory 

dysfunction in AD documents the pervasive impairment of declarative long-term memory, 

that is, the explicit form of memory that permits the conscious recall or recognition of 

previously experienced facts or events. Poor encoding of incoming information during the 

learning phase, accelerated forgetting rates, and increased sensitivity to interference during 

retrieval have all been documented in AD (Moulin, James, Freeman, & Jones, 2004; 

Spaan, Raaijmakers, & Jonker, 2005). These deficits are thought to represent the effect of 

neuropathological changes to the hippocampal and entorhinal cortices (Becker, 1988) 

(Petrella et al., 2006). 

2.1.1. Verbal Episodic Memory Deficits in MCI 

Episodic memory had been reported to be significantly predictive of progression from MCI 

to AD (Aggarwal et al., 2005; Artero, Tierney, Touchon, & Ritchie, 2003; Busse, 

Bischkopf, Riedel-Heller, & Angermeyer, 2003; Fleisher et al., 2007; Tierney, Yao, Kiss, 

& McDowell, 2005). Several studies have reported episodic memory impairment in 

preclinical AD anywhere from 3 to 8 years prior to formal diagnosis of AD (Amieva et al., 
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2005; Backman, Small, & Fratiglioni, 2001). The majority of MCI studies have used 

measures of delayed verbal recall to document objective memory impairment (Collie & 

Maruff, 2000; Tuokko & McDowell, 2006), often further limited to paragraph or prose 

passage recall (Grundman, et al., 2004). Poor performances on these recall tasks can reflect 

deficits in distinct memory processes; encoding, consolidation or retrieval (Arnaiz & 

Almkvist, 2003). Research evidence indicates that individuals with a-MCI display deficits 

to memory consolidation and also experience marked difficulties in utilizing acquisition 

and recall strategies (Balthazar, Yasuda, Cendes, & Damasceno, 2010; Ribeiro, Guerreiro, 

& De Mendonca, 2007); displaying diffusely impaired learning abilities for verbal material 

(i.e., word-list recall, prose recall); accelerated rates of forgetting from long-term memory 

(i.e., delayed recall of word-lists); and impaired performance on free recall and recognition 

tasks (Perri, Carlesimo, Serra, & Caltagirone, 2005). 

Rabin et al. (2009) suggest that list learning tasks, which involve learning across multiple 

trials, are perhaps the most challenging and sensitive measures of episodic memory when 

used to assess early cognitive changes in MCI and AD. It has also been suggested that list 

learning tests can accurately predict diagnostic conversion to AD (Griffith, et al., 2006; 

Maruff et al., 2004). For example, Tierney, Yao, Kiss, and McDowell (2005) found within 

a comprehensive dementia work-up that short delayed recall on the RA VLT was the only 

measure to emerge from a 10-year regression analysis as a predictor of AD; the RA VL T 

was also the most significant test in the 5-year prediction analysis. Esteves-Gonzalez, 

Kulisevsky, Boltes, Otermin, and Garcia-Sanches (2003) established that total learning and 

delayed recall scores on the RA VLT helped identify individuals with subjective memory 

complaints who would progress to AD over at least a 1-year interval, and also 

differentiated between MCI and normal aging. However, high variability has been reported 
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with regard to objective episodic memory impairments, with some studies reporting that 

these deficits may remain stable or even improve over time in a substantial number of 

participants (de Jager & Budge, 2005; Larrieu, et al., 2002; Ritchie, et al., 2001). 

Furthermore, mild memory deficits are quite common in the elderly (Brooks, et al., 2008; 

Brooks, et al., 2007; Nilsson, 2003) and are not consistently associated with the subsequent 

development of AD (Daly et al., 2000). 

2.1.2. Visual Episodic Memory Deficits in MCI 

Many studies of MCI use only verbal memory measures to examine episodic memory 

functioning in their samples. This is potentially problematic as it remains unclear as to 

whether some cases of a-MCI will be missed if visual episodic memory is not also 

examined (Alladi, et al., 2006; Snitz et al., 2009). For instance, Alladi et al. examined 

episodic memory functioning in 124 non-demented, non-depressed elderly participants 

with mild memory complaints using measures of verbal (RA VL T) and visual (PAL; Rey 

Complex Figure) episodic memory. The authors established that 90 participants met 

criteria for MCI if performance on either the verbal and/or visual memory tests were 

considered. However, when Petersen et al.'s (2001) MCI criteria (based on verbal episodic 

memory) were applied only 72 fulfilled criteria for a-MCI. These results suggest that 

approximately 20% of cases may be excluded from the category of a-MCI when episodic 

memory sampling is restricted to the verbal domain. Tests involving associative learning, 

particularly those with a spatial component, such as the paired associate learning (PAL) 

test from the CANT AB, appear to be particularly sensitive to memory impairment 

28 



associated with the very early stages of AD (Ahmed, Mitchell, Arnold, Nestor, & Hodges, 

2008; Fowler, Saling, Conway, Semple, & Louis, 2002) and have been shown to predict 

individuals with MCI who are likely to convert to dementia within two years (Blackwell et 

al., 2004; Fowler, Saling, Conway, Semple, & Louis, 1997; Swainson et al., 2001). 

2.2. Semantic Language/Memory 

Prior studies have shown that semantic memory is consistently impaired in early AD 

(Hodges & Patterson, 1995; Mickes, et al., 2007). A well-documented symptom of AD is 

word-finding difficulty (Bayles, Tomoeda, & Trosset, 1993). Deficits in confrontation 

naming typically occur early in the disease course (Huff, 1990) and as such, naming tests 

are widely used in clinical practice and research settings. One widely used naming test in 

the Boston Naming Test (BNT; Kaplan, et al., 1983), which comprises 60 line drawings of 

items ranging from very frequent to very infrequent. This test predicts the rate of cognitive 

decline in AD (Carswell, 1999; Rasmusson, Carson, Brookmeyer, Kawas, & Brandt, 1996) 

and distinguishes between subgroups of AD (J. K. Johnson, Head, Kim, Starr, & Cotman, 

1999). It has also been demonstrated to be sensitive to asymmetric cognitive changes in 

early AD, where one hemisphere is affected more than the other (Delis et al., 1992; Jacobs 

et al., 1995). A number of studies have examined the diagnostic and prognostic utility of 

tests of naming performance in MCI and AD. Differences have been found between 

healthy elderly controls and MCI participants (Dwolatzky et al., 2003; Grundman, et al., 

2004; Petersen, et al., 1999), between MCI participants and AD patients (Goldman et al., 

2001; Petersen, et al., 1999), and between incident AD and nondemented individuals up to 
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two years prior to diagnosis (Blackwell, et al., 2004). Furthermore, Bennett et al. (2002) 

found that MCI subjects had lower baseline scores and declined more than twice as 

rapidly as did healthy elderly controls on a composite score of semantic memory, including 

the BNT. Similarly, Storandt et al. (2002) reported accelerated rates of decline on the BNT 

as cognitive impairment progresses. Bozoki et al. (2001) found that the BNT discriminated 

best between individuals with memory impairment who converted to AD and those who 

did not. 

2.3. Attention 

Attention refers to the capacity of the individual to control and regulate cognitive 

processes, such as memory systems, language processing, pattern recognition, and spatial 

analysis, in an efficient manner. It is the means by which humans actively process a limited 

amount of information from the enormous amount of information available through the 

senses, stored memories, and other cognitive processes (Sternberg, 2003). Consequently, 

there are many different forms of attention, depending on the requirements of the task 

being performed. However, these subtypes are not independent systems, but different 

guises of the attentional construct. Posner and Dehaene (1994) report three fundamental 

aspects to the attentional construct: (1) the attention system interacts with other parts of the 

brain but maintains its own identity; (2) attention is carried out by a network of anatomical 

areas, with recent brain-imaging and neurophysiological data indicating that the attentional 

system " ... is neither a property of a single brain area nor of the entire brain" (Posner & 

Dehaene, 1994, p. 75); and, (3) the areas involved in attention carry out different functions, 
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and these specific computations can be specified in cognitive terms. Indeed, they postulate 

that attention involves mostly the interaction of diverse specific areas of the brain, with no 

specialised areas responsible for specific attentional functions (Posner & Dehaene, 1994). 

Posner (1995) has identified two separate anatomic networks of attention: anterior and 

posterior. The anterior attention network involves the anterior cingulate and frontal lobe 

structures, which are specialised for activities related to inhibiting automatic responses and 

overriding conflicts. This system becomes increasingly activated during tasks requiring 

awareness, in which participants must attend to the meanings of words and is also involved 

in "attention for action" in which the participant is planning or selecting an action from 

among alternative courses of action (Sternberg, 2003). In contrast, the posterior attention 

network, localised in the parietal lobes, a portion of the thalamus, and some areas of the 

midbrain related to eye movements, is specialised for performance on tasks related to 

visuospatial attention (ie. locating objects in space) (Pinel, 2003). This system becomes 

highly activated during tasks in which participants must disengage and shift attention (e.g., 

visual search or vigilance tasks) (Posner & Raichle, 1994). The anterior and posterior 

attention systems appear to enhance attention across various tasks, indicating that they may 

be involved in regulating the activation of relevant cortical areas for specific tasks (Posner 

& Dehaene, 1994; Posner & Rothbart, 1998). 

The construct of attention includes both conscious and unconscious processes (Sternberg, 

2003). Automatic processes involve no conscious control and for the most part are 

performed without conscious awareness, demand little or no effort, are performed as 

parallel processes, and consume few attentional resources. In contrast, controlled processes 

require conscious control, are performed sequentially, and consume many attentional 
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resources (Galotti, 2004). According to Sternberg (2003), the three main functions of 

conscious attention are: (1) signal (or target) detection, including vigilance and search, in 

which the individual must detect the appearance of a particular stimulus; (2) selective 

attention, in which the individual chooses to attend to some stimuli and to ignore others; 

and (3) divided attention, in which the individual prudently allocates available attentional 

resources to coordinate performance on more than one task at a time. An additional 

construct referred to is that of sustained attention and vigilance, or the ability to maintain 

focused attention over extended periods of time (Perry & Hodges, 1999). 

Attentional control is a crucial component in the organisation, management, and 

completion of complex cognitive activities. It is required for tasks that are new, are 

demanding, or cannot be performed automatically (Norman & Shallice, 1986). According 

to Engle (2002), attentional control can be thought of as an executive attention system used 

to guide action and maintain or suppress information within the realms of consciousness. 

Furthermore, it has been suggested by some authors that working memory (WM) can be 

viewed as a system involved in attentional or executive control (Baddeley, 1986; Shallice 

& Burgess, 1991). Advocates of this viewpoint define WM as the ability to control 

attention to maintain information active in a quickly retrievable state (Engle, 2002). It has 

been suggested that attentional control impairment in AD may be related to a disruption of 

the integrated activities of the frontal and parietal lobes (Nestor, Parasuraman, Haxby, & 

Grady, 1991). 
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2.3.1. Attention Impairments in AD 

Recent research suggests that attention deficits may appear much earlier in AD than 

traditionally conceptualised, and may emerge following the appearance of memory 

processing deficits (e.g., Belleville, et al., 2007; Meyer, et al., 2002; Rapp & Reischies, 

2005). Such findings of early attentional decline may indicate the presence of AD 

neuropathology in subcortical frontal-temporal connections, as opposed to the emergence 

of neuropathology in cortical frontal lobe areas. Research indicates that AD is associated 

with early deficits to both divided attention (Baddeley, Logie, Bressi, Dellasala, & 

Spinnler, 1986; Belleville, Peretz, & Malenfant, 1996) and selective attention (Duchek et 

al., 2009). However, the stage of AD progression in which these impairments appear, 

relative to other aspects of attentional or executive functioning, and whether these deficits 

are universally present in early stages remains controversial and requires clarification 

(Baddeley, Baddeley, et al., 2001). In contrast to selective and divided attention, research 

examining sustained attention is limited. Evidence suggests a deficit to sustained attention 

in AD (e.g., Rizzio, Anderson, Dawson, Myers, & Ball, 2000), but this may be a factor of 

task complexity rather than a deficit in the capacity to sustain attention (Perry & Hodges, 

1999; Posner & Petersen, 1990). Furthermore, attentional/executive control components, 

such as inhibition, updating, and switching have been shown to be severely impaired in 

early AD (Belanger, Belleville, & Gauthier, 2010; Duchek, et al., 2009). Individuals in the 

early stages of AD are also impaired on tasks that measure the inhibition of prepotent 

responses (Amieva et al., 2004), and the active manipulation of information (Belleville, et 

al., 2003). 
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2.3.2. MCI and Attention Research 

Little research has been conducted into the assessment of attention deficits in MCI; 

although it has been proposed that attention deficits and executive dysfunction may 

manifest at least as early as memory dysfunction in AD (Orgogozo, 2006). Meyer et al. 

(2002) established that MCI patients who later developed AD achieved lower scores on 

attention subtests, when compared with persistent MCI participants, at the time MCI was 

identified. In contrast, they found that memory subtest scores decreased similarly in all 

three MCI outcome groups (persistent MCI, vascular dementia, AD) and did not predict 

AD. Belleville et al., (2007) examined three attentional control processes (divided 

attention, manipulation capacities, and inhibition) in persons with AD and MCI; finding 

that the AD group displayed severe impairments on all three measures, while the MCI 

group were impaired only on the divided attention task. However, when the MCI group 

was divided into those with and without subsequent decline, those with a subsequent 

decline also showed impaired performance on the manipulation task. More recently, 

Belanger et al., (2010) examined inhibition impairments in AD and MCI using the Stroop 

task; with their results suggesting that interference and goal maintenance are impaired 

when comparing MCI and AD to healthy older adults, with AD suffering from a more 

severe impairment than MCI. 
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2.4. Executive Functions 

Theories of cognitive control typically include an executive component that is responsible 

for coordinating goal-directed behaviour (Baddeley & Hitch, 1974; Braver & West, 2007; 

Engle & Kane, 2004; Jacoby, Bishara, Hessels, & Toth, 2005; Miyake et al., 2000; Posner 

& DiGirolamo, 1998; Shallice & Burgess, 1993). This executive control mechanism has 

been conceptualised in different ways, with experimental psychologists typically studying 

the working memory system (Baddeley, 1986) and neuropsychologists typically studying 

executive functioning (Fuster, 1997). Executive functions are conceived as general

purpose cognitive mechanisms for goal-directed behaviour, manipulation of information 

stored in working memory and for switching tasks and sources of information (Hedden & 

Gabrieli, 2004). Although the identification and operation of these control processes has 

been the subject of much research, experimentation and discussion; a model of executive 

cognition has yet to be validated or universally accepted (Brandt, et al., 2009). Executive 

functions have been postulated to include many different processes, such as planning, 

strategic behaviour, abstract thinking, reasoning, cognitive flexibility, working memory, 

self-monitoring abilities, up-dating information, temporarily sequencing information, 

inhibiting processes, and the capacity to divide attention and to shift between two 

concurrent tasks (Bisiacchi, Borella, Bergamaschi, Carretti, & Mondini, 2008; McCabe, 

Roediger, McDaniel, Balota, & Hambrick, 2010). The degree and the number of these 

subcomponents employed vary in each cognitive task. 
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2.4.1. Executive Function Deficits in MCI and AD 

Executive dysfunction is known to be a prominent feature in early AD (Baudic et al., 

2006). Baudic et al. (2006) confirmed that executive functions are impaired in mild and 

very mild AD patients, and did not find any interaction between memory and executive 

function deficits. Research suggests that executive functions are also impaired in the MCI 

phase of AD (Baddeley, Baddeley, et al., 2001; Belleville, et al., 2003; Brandt, et al., 2009; 

Chen, et al., 2000; Espinosa, et al., 2009; Fleisher, et al., 2007; Grober, et al., 2008; 

Salmon et al., 2002; Zhang, Han, Verhaeghen, & Nilsson, 2007). However, empirical 

evidence suggests that impairment of executive cognition in MCI is not global; with only 

certain empirically defined domains being affected (Brandt, et al., 2009; Zhang, et al., 

2007). Tasks that require executive functioning, including planning, inhibition, 

organization, and initiation, have also been demonstrated to be predictive of progression to 

AD (Aggarwal, et al., 2005; Bennett, et al., 2002; Chen, et al., 2000; Fleisher, et al., 2007; 

Rapp & Reischies, 2005). This notion of very early executive impairment challenges 

previous thought that only (or predominantly) episodic memory deficits are implicated in 

the preclinical stage of AD and that executive functions, perceptual abilities, and language 

capacities only become impaired once a person progresses into the dementia phase of the 

disease (Perry & Hodges, 1999). 

It has been suggested by some authors that executive function decline could be the critical 

feature of dementia (Bisiacchi, et al., 2008; Voss & Bullock, 2004) and that executive 

dysfunction constitutes a useful predictor of risk to develop AD, especially in terms of the 

progression from MCI to AD (Bozoki, et al., 2001; Grober, et al., 2008; Ritchie, et al., 

2001). Further support for this proposition comes from a study conducted by Rozzini et al. 
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(Rozzini et al., 2008), who determined that progressive worsening of executive functions 

in subjects classified with a-MCI is independently associated with conversion to dementia 

after one year. Whereas, Grober et al. (2008) found that declining performance on tests of 

executive function accelerated 2-3 years before diagnosis. However, observations are not 

consistent across all studies. For instance, Bisiacchi et al. (2008) examined executive 

functions in individuals with a-MCI and AD using verbal and visuo-spatial tasks graded 

for memory and/or executive requirements. In contrast to previous findings, their results 

suggest that a-MCI participants display memory deficits similar to those shown by AD 

patients, but preserved executive functions (i.e., selective, organizing, and inhibiting 

words; inhibiting dominant, irrelevant information; cognitive flexibility with visual 

material; and storing and temporarily maintaining information). These authors conclude 

that deficits in executive functioning may be an important potential marker of conversion 

to AD, whereas a deficit in episodic memory may be a marker indicating conversion from 

a normal cognitive status to the a-MCI condition (Bisiacchi, et al., 2008). 

2.5. Working Memory 

Recently, many researchers have suggested that executive functions are best 

conceptualised as distinct functions that are only loosely related, and many 

neuropsychologists consider working memory to be one of several disparate executive 

functions that control cognitive performance (Blair, Zelazo, & Greenberg, 2005; Fletcher, 

1996; Pennington, Bennette, McAleer, & Roberts, 1996; Pennington & Ozonoff, 1996; 

Zillmer & Spiers, 2001). Although there is disagreement among researchers about the 
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specific definition of working memory, the working memory system is typically described 

as the system responsible for active maintenance and manipulation of information over 

brieftime periods, a function critical for a wide range of cognitive operations (Miyake & 

Shah, 1999). According to Baddeley (1998), working memory forms an interface between 

memory, attention and perception. Working memory is defined as the online storage and 

manipulation of information for a short period of time. It consists of four main 

components: the phonological loop, the visuospatial sketchpad, the episodic buffer, and the 

central executive. The phonological loop and visuospatial sketchpad are recruited for the 

storage and manipulation of verbal and nonverbal information respectively, while the 

central executive functions as a limited capacity attentional system that selects goal

relevant behaviour by focusing, dividing, and switching attention (Baddeley, Chincotta, & 

Adlam, 2001 ). 

The episodic buffer comprises a limited capacity system that provides temporary storage of 

information held in a 'multimodal code' and functions as an interface with long-term 

memory. It is assumed to play a role in the interaction between the loop and the sketchpad 

and is capable of merging spatial and verbal information from these subsidiary systems 

(under the control of the central executive), and from long-term memory, into a unitary 

episodic representation. It does not, however, have any direct interaction with the outside 

world since it is not part of the phonological loop, which receives verbal and auditory 

information from perception, nor is it part of the visual and spatial perceptual system. 

Conscious awareness is assumed to be the principal mode of retrieval from the buffer: the 

central executive can attend to a specific event that is stored in the episodic buffer, 

presenting a form of conscious thought (Baddeley, 2000, 2001). The central executive of 

Baddeley's working memory model is recognised as a poorly defined construct that 
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encapsulates a broad range of functional attributes; with there being a lack of consensus as 

to precisely what cognitive functions can be subsumed under the term central executive 

(Baddeley, 2002a). Baddeley proposes that the central executive acts as an executive 

control system, responsible for overseeing the processing of the two temporary storage 

systems and also interacting with the episodic buffer, thereby facilitating the shifting of 

attention from task to task, regulating the capacity to focus attention and dividing attention 

in order to process dual streams of information. It has been hypothesized that working 

memory depends on different populations of brain neurons, in particular those in the 

prefrontal cortex (Kiefer, Ahlegian, & Spitzer, 2005; Robbins, Mehta, & Sahakian, 2000). 

2.5.1. Working Memory deficits in AD and MCI 

Recently, there has been increasing evidence for impaired working memory and executive 

functions quite early in the AD disease process (Baddeley, Baddeley, et al., 2001; 

Belleville, et al., 1996; Belleville, et al., 2003; Brandt, et al., 2009; Perry & Hodges, 1999). 

In fact, it has been suggested that deficits to working memory form an important part of 

neuropsychological dysfunction in AD, and may be reflected in tests that measure 

impairments of central executive processing (Baddeley, '2002b; Perry & Hodges, 1999). 

Functioning of both the articulatory loop and visuospatial sketchpad are also known to be 

impaired in moderate to severe stage AD patients (Baddeley, Baddeley, et al., 2001), while 

the operation of the central executive system is thought to be the most profound and 

earliest working memory dysfunction (Zee, 1993). According to this hypothesis the 

capacity of the central executive system is limited, and with increasing task complexity 

39 



this capacity is exceeded and performance begins to break down (Perry & Hodges, 1999). 

It has been suggested that the progressive degeneration of the prefrontal association areas 

seen in AD may be related to the impairment of central executive functions and the 

disruption of working memory, planning, and fluency (Riekkinen & Riekkinen, 1999). 

Baddeley et al. (1991; 1986) report that AD patients display a significant decrement in dual 

task performance, but display no deficit compared to controls when performing each single 

task in isolation. They suggest that the dual-task deficit displayed is a consequence of 

impairment to the central executive component of working memory. One of the functions 

of the central executive is to coordinate information from a number of different sources, 

and as such it is assumed to play a role in many cognitive tasks, including those requiring 

short-term storage. The assumption of a central executive deficit may therefore account for 

the impairment in AD patients on tests of short-term memory reported by other researchers 

(Spinnler, 1991 ). That the central executive involves processes of selective and divided 

attention may also indicate that the underlying deficit present in AD is to these attentional 

processes with a secondary impact on working memory functioning. AD patients exhibit 

both a decrease in span capacity (Orsini, Trojano, Chiacchio, & Grossi, 1988; Spinnler, 

Della Sala, Bandera, & Baddeley, 1988), and a lower performance on the central executive 

component of WM (Belleville, et al., 2007; Belleville, et al., 1996) than that of normal 

aged-matched controls. These anomalies in short-term recall have been attributed to a 

dysfunction of the attentional component of WM. Accumulating evidence supports the 

notion of an executive attention dysfunction in amnestic-MCI in the areas of divided 

attention (Belleville, et al., 2007; Dannhauser et al., 2005) and attention set-shifting 

(Albert, et al., 2001; Crowell, Luis, Vanderploeg, Schinka, & Mullan, 2002; Rozzini et al., 

2007). 

40 



2.6. Methodological Issues 

The results of studies examining the MCI construct are difficult to compare because of 

differences in study populations, duration of follow-up, and the definitions of cognitive 

impairment used. The latter refer to whether subjective memory complaints are included, 

whether a cutoff of 1.0 or 1.5 standard deviation (SD) is used to define objective cognitive 

impairment, whether age- and education-standardised cutoff scores are used, and whether 

the severity of impairment in activities of daily living is taken into consideration. 

Moreover, there are discrepancies in the number and types of tests that are used to define 

MCI. An additional issue is that neuropsychological tests assessing cognitive deficits in 

non-memory domains have not been specified, and cut-off scores have not yet been 

determined. 

Three major methodological issues have been raised by Perry and Hodges (1999) in their 

review of studies examining attention and working memory deficits in AD: (1) participant 

selection; (2) failure to use a reliable and objective measure of dementia severity to 

categorise participants into NINCDS-ADRDA (McKhann, et al., 1984) dementia 

categories; and (3) failure to use objective and reliable tests to assess attention and working 

memory functions. Previous research has failed to adequately assess non-memory 

functions in MCI. The present thesis is distinct from these studies as it assesses visual 

memory, attention, executive function, working memory, and semantic language/memory 

with tests with equivalent reliability and validity to those tests used to assess verbal 

memory functions in a-MCI. The present study will employ a design that ensures that all 

participants are selected according to strict criteria, are classified according to severity as 

determined by a reliable and objective measure, and will undertake cognitive assessment 
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using a reliable and valid computerised test battery, including a measure of visual episodic 

memory. 

As it is currently conceptualised and measured, MCI contains both true positives (i.e., 

those who will progress to dementia in time) and false positives (i.e., those with long

standing and static relative weaknesses, reversible causes of poor performance on memory 

measures, situational influences on performance, or measurement error). The majority of 

research on older adults with prodromal AD tends to focus on those who eventually 

progress to a diagnosis of dementia, but often fails to identify the characteristics of the 

large percentage of those who remain stable or are deemed to have normal cognitive 

functioning at a future assessment. Consequently, there is a need to identify the 

characteristics of patients with MCI that predict stability of deficits, reversion to normal 

cognitive functioning and progression to AD. 

The main aim of the present study is to improve existing methods for identifying those at 

greatest risk of Alzheimer's disease, those who have a stable cognitive impairment and 

those who will revert to normal cognitive functioning at follow-up. The study targets two 

key areas of research focus: early detection and diagnosis of AD; and the development of a 

neuropsychological approach to detect risk for development of AD in an MCI population, 

which will enable the activation of early intervention strategies. To date no study has 

longitudinally examined attention, executive function, and working memory deficits in 

subtypes of MCI; therefore, there is no information as to whether these deficits are 

predictive of the development of AD. The current study was designed to accomplish the 

five objectives listed below. 
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2. 7. Objective One: Recruitment, classification, and baseline assessment of MCI and 

AD participants (Chapter Four) 

The first objective of the baseline phase of the present study was to objectively assess the 

veracity of memory complaints of individuals reporting a gradually progressive course of 

cognitive impairment, with predominant memory-related symptoms (subjective-MCI). The 

second objective of the baseline phase was to assess executive, working memory, semantic 

memory/language, and attentional processing capacities in participants with subjective

MCI (with no objective memory impairment) and those identified with amnestic-MCI. 

2. 7.1. Hypothesis la: 

It is hypothesised that screening criteria of: informant-corroborated subjective complaints 

of declining memory functioning (particularly with regard to memory difficulties with 

conversations, books and movies, common words and names); objective evidence of 

memory (verbal and/or visual) impairment; intact activities of daily living (ADL); and no 

dementia; will result in the identification of a group of individuals with amnestic-MCI. 

2. 7.2. Hypothesis 1 b: 

It is hypothesised that participants in subjective-MCI and a-MCI groups will have 

significantly greater objective deficits than a cognitively intact control group on one or 
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more of the cognitive domains implicated in the preclinical stages of AD: attention 

(selective, sustained, and/or divided), working memory (central executive functioning), 

executive functioning (heuristic strategy, rule acquisition, flexibility of thinking and 

attentional set shifting), and semantic memory/language (naming). Consequently, 

participants initially classified as subjective-MCI (no objective memory impairment), with 

additional deficit(s) is the cognitive domains assessed, would meet classification criteria 

for na-MCI. Likewise, participants classified as a-MCI who have deficits in the cognitive 

domains assessed would meet classification criteria for multiple-domain a-MCI (a-MCI+). 

2.8. Objective Two: JO-month neuropsychological assessment (Chapter Five) 

The objective of the 10-month phase of the current study was to reassess participants 10 

months after the baseline assessment and establish whether any cognitive decline has 

occurred in the a-MCI, na-MCI and AD groups during this time interval. 

2.8.1. Hypothesis 2: 

Given the conceptualisation of MCI as a prodromal phase to dementia, it was hypothesised 

that both MCI subtypes would display a deterioration in cognitive functioning over time. 

Further, it was hypothesised that a-MCI would display a preferential decline to memory 

functions and that na-MCI would display a preferential decline in non-memory functions. 
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2.9. Objective 3: Examination of longitudinal deficits to attention, executive and 

working memory functions in subtypes of MCI (Chapter Six) 

The objective of the 20-month phase of the present study was to reassess and examine the 

results of follow-up testing of the MCI groups over a 20-month interval. The aim being to 

determine the relative stability/decline of cognitive impairments in subtypes of MCI at a 

group level over time. 

2.9.1. Hypothesis 3: 

Given the conceptualisation of MCI as a prodromal phase to dementia, it was hypothesised 

that both MCI subtypes would display a deterioration in cognitive functioning over time 

and that a proportion of MCI participants would progress to dementia. Further, it was 

hypothesised that a-MCI would display a preferential decline to memory functions and that 

na-MCI would display a preferential decline in non-memory functions. 
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2.10. Objective 4: Stability of baseline MCI classifications following a 20-month 

interval (Chapter Seven) 

The first objective of this chapter was to examine classification outcomes (converted, 

progressed, stable, unstable, improved) in participants who 20 months previously had been 

classified into MCI sub-groups according to current MCI criteria (Petersen & Morris, 

2005). 

2.10.1. Hypothesis 4: 

Based upon recent research it is hypothesised that: the a-MCI group would have the 

highest rate of short-term progression to AD and that very few participants would revert to 

normal cognitive functioning; a-MCI participants would show the greatest instability in 

classification across time and a high rate of reversion to normal cognitive functioning; and 

that na-MCI participants would show stability of classification across time but a lower rate 

of progression to dementia than that of participants classified at baseline as a-MCI. 
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2.11. Objective 5: Prediction of outcome group (Probable AD, MCI, Recovered, 

Control) at 20-months from baseline neuropsychological scores (Chapter Seven) 

The final objective was to investigate whether baseline scores on any of the 

neuropsychological tests (assessing visual & verbal memory, attention, executive 

functioning, semantic language and working memory) employed in the present study 

differentiate between participants who progressed to dementia, maintained a classification 

of MCI, reverted to normal cognitive functioning, and the control group. An exploratory 

analysis was conducted to determine the combination of baseline cognitive functions that 

best predict outcome at 20 months. 
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3. General Methodology 

3.1. Participants 

A total of 131 participants aged between 60 and 90 years ( 63 male and 68 female), 

comprising 4 subgroups: amnestic-MCI (a-MCI; n=60); nonamnestic-MCI (na-MCI; 

n=32); mild probable AD (n=14); and healthy controls (n=25), took part in the baseline 

phase of this study. Participants provided informed consent prior to the commencement of 

the study, in accordance with the requirements of the Human Research Ethics Committee 

(Tasmania) Network and NHMRC Human Research guidelines. Detailed information 

regarding the participants in each group are provided in the following sections. 

3.1.1. MCI Participants 

MCI participants were recruited via local medical practices and advertising in print and 

radio media seeking adults over 60 years of age with memory problems. This recruitment 

campaign resulted in 275 respondents, who then underwent a two stage-screening process 

to identify those with probable MCI. The first stage involved a structured telephone 

interview with each respondent and their informant (respondent's partner, family member, 

or close friend) to screen the respondent's suitability to participate according to the 

following criteria: 

(1) Respondent reports experiencing memory problems (conversations, books & 

movies, common words and names), with a history of decline from a former level; 
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(2) Respondent reports preserved cognitive functioning; 

(3) Respondent reports intact activities of daily living; 

(4) The memory impairments, preserved general cognitive functioning and ADLs 

reported must be corroborated by the informant; 

(5) Respondent reports no history of significant medical or neurological conditions 

(other than probable AD for the mild probable AD participants), or psychiatric 

illnesses; 

(6) Respondent reports no history of major risk factors for vascular disease (e.g., 

insulin dependent diabetes, cerebral infarcts, high blood pressure, atrial 

fibrillation); and 

(7) Respondent reports no history of alcohol abuse, sensory impairment, or significant 

impairment of hand mobility. 

Of275 respondents, 135 successfully completed stage 1 of the screening process and 

underwent comprehensive assessment of psychological and neuropsychological 

functioning as the second stage of the screening process. This assessment was necessary to 

support research diagnosis and to characterise participants. The clinical assessment 

included the Wechsler Test of Adult Reading (WTAR; The Psychological Corporation, 

2001) to estimate premorbid IQ, and the Geriatric Depression Scale (GDS; Yesavage, 

1983) as an objective measure of level of depression. The Mattis Dementia Rating Scale-2 

(DRS; Mattis, 2001) was used to assess global cognitive functioning and dementia 

severity. Participant's WTAR scores were converted to estimated WAIS-III FSIQ scores 

and DRS-2 age-corrected MOANS (Mayo Older American Normative Studies) scaled 

scores (AMSS) were converted to age- and education-corrected MOANS scaled scores 

(AEMSS). The neuropsychological battery included the Rey Auditory Verbal Learning 
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Task (RA VL T; Lezak, et al., 2004; Strauss, et al., 2006) as a measure of episodic verbal 

memory, the Paired Associates Learning test (PAL; Cambridge Cognition Ltd, 2004) as a 

measure of episodic visual memory, and the Boston Naming Test (BNT; Kaplan, et al., 

1983) as a measure oflanguage retrieval from semantic memory. 

Following stage two of the screening process the test results of the potential participants 

were examined by an experienced clinical neuropsychologist (MS). Four participants were 

referred for further medical assessment and were independently diagnosed by a 

psychogeriatrician with mild probable AD (NINCDS-ARDRA criteria) and four were 

excluded due to other factors (illicit drug use, depression). The 92 subjective-MCI 

participants screened into the study were subsequently subdivided into two groups on the 

basis of the following criteria: 

Amnestic-MCI (a-MCI): 

(1) informant-corroborated subjective complaint of declining memory functioning; 

(2) objective memory impairment (defined as a test score on the RA VLT and/or 

PAL <lOth percentile (-1.28 SD) below age norms); 

(3) normal general cognitive functioning (DRS-2 AEMSS score 2:9); 

( 4) no evidence of dementia (DRS-2 AEMSS score 2:9), and 

(5) intact ADL. 

Subjective-MCI (s-MCI): 

(1) informant-corroborated subjective complaint of declining memory functioning; 

(2) no objective memory impairment; 

(3) normal general cognitive functioning (DRS-2 AEMSS score 2:9); 
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(4) no evidence of dementia (DRS-2 AEMSS score 2:9); and 

(5) intact ADL. 

3.1.2. Control Participants 

The healthy control group (n=25) consisted of adults with no cognitive complaints or 

medical history of significance and matched the mean age and level of education of the 

MCI group. 

3.1.3. Probable AD Participants 

Fourteen adults with mild probable AD, as independently assessed by a psychogeriatrician 

and/or neuropsychologist (NINCDS-ARDRA criteria) with access to each participant's full 

medical and psychiatric history, were recruited. 

3.2. Materials/Apparatus 

3.2.1. Preliminary Tests 
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Preliminary tests were administered to: (a) ensure that the control, MCI and dementia 

groups were as evenly matched for pre-morbid intellectual ability as possible; (b) to rule 

out dementia in the controls and MCI participants, and to objectively confirm the level of 

dementia severity for each probable AD participant; and ( c) to ensure that cognitive 

complaints were not a consequence of depression. 

(a) The Wechsler Test of Adult Reading (WTAR; The Psychological Corporation, 2001) 

provides a reliable estimate of pre-morbid level of intellectual functioning for individuals 

aged 16 to 89 years and has extensive clinical validity with group studies including 

Alzheimer's disease. The WTAR consists of fifty words that have atypical grapheme to 

phoneme translations. The intent in using words with irregular pronunciations is to 

minimize the current ability of the participant to apply standard pronunciation rules and 

assess previous learning of the word. Evidence suggests that the ability to read aloud is 

generally retained until relatively late in the dementing process and that irregular words not 

previously in an individual's vocabulary will be incorrectly pronounced. Administration of 

the WT AR takes less than 10 minutes and involves asking the participant to read the 50 

words out loud. Pronunciations are provided on the record form for scoring accuracy; the 

total score is the number of words read correctly. Scores are converted to WAIS-III Full 

Scale IQ (FSIQ) estimates (Wechsler, 1997). 

(b) The Dementia Rating Scale-2 (DRS-2; Jurica, Leitten, & Mattis, 2001) is a 36-item 

instrument developed for screening dementia. The DRS-2 provides an objective measure 

of dementia severity, enabling an objective means of classifying participants into groups, 

as well as screening control participants for possible dementia (Jurica, et al., 2001). The 

clinical validity and utility of the DRS-2 has been well established, not only for the 
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diagnosis of AD, but also for predicting which patients with subclinical memory 

impairments are likely to subsequently develop AD (Green, Woodard, & Green, 1995) 

(Troster, Moe, Vitello, & Prinz, 1994). The Dementia Rating Scale (DRS-2) comprises 36-

tasks and 32-stimulus cards, is individually administered, and is designed to assess level of 

cognitive functioning for individuals with brain dysfunction. The DRS-2 assesses cognitive 

functioning on five subscales: Attention (8 items); Initiation-Perseveration (I I items); 

Construction (6 items); Conceptualization (6 items); and Memory (5 items). The DRS-2 

tasks are presented in a fixed order. Within each subscale the most difficult tasks are 

presented first. Generally, if the first one or two tasks in a subscale are performed well, 

subsequent tasks in the subscale are credited with a correct performance and the examiner 

proceeds to the next subscale. This procedure significantly shortens the total testing time 

for individuals with relatively intact cognitive functioning. Depending on the participant's 

level of cognitive functioning, the DRS-2 takes from 20-45 minutes to administer (Bobholz 

& Brandt, 1993). 

(c) The Geriatric Depression Scale (ODS; Yesavage, 1983) is an objective measure of 

level of depression, developed for use in aging populations. The Geriatric Depression 

Scale (ODS) short form is a 15-item self-report assessment used to identify depression in 

the elderly. The ODS questions are answered "yes" or "no", instead of a five-category 

response set. This simplicity enables the scale to be used with ill or moderately cognitively 

impaired individuals. One point is assigned to each answer and the cumulative score is 

rated on a scoring grid. The grid sets a range of 0-4 as "normal", 5-8 as "mildly depressed", 

8-11 as "moderately depressed" and 12-15 as "severely depressed". The validity and 

reliability of this tool have been supported through both clinical practice and research 

(Strauss, et al., 2006). 
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3.2.2. Episodic Memory (visual and verbal) and Semantic Memory/Language 

Assessment 

The Rey Auditory Verbal Learning Task (RA VLT; Lezak, et al., 2004; Strauss, et al., 

2006) is a measure of verbal learning and memory and is useful in evaluating recent 

memory, susceptibility to (proactive and retroactive) interference, encoding versus 

retrieval, retention of information after a certain period of time (during which other 

activities are performed), and recognition memory. The standard RA VLT format 

commences with a list of 15 words (List A), which the examiner reads aloud at the rate of 

one word per second. The test-taker's task is to repeat all the words from List A that they 

can remember, in any order. This procedure is repeated four times, such that a total of 5 

presentations of List A have occurred with the test-taker recalling the words following 

each presentation trial. Then, the examiner verbally presents a second list of 15 words (List 

B), allowing the test-taker only one attempt at recall. Immediately following this, the 

individual is asked to remember as many words as possible from the List A. Parallel 

versions of the RA VL T are available, which reduces the potential for practice effects 

(Strauss, et al., 2006). 

The Paired Associates Learning test (PAL; Cambridge Cognition Ltd, 2004) assesses 

visual memory and new learning, and is a useful tool for assessing patients with 

questionable dementia, MCI, AD, and age-related memory loss. Boxes are displayed on 

the screen and are opened in a randomised order (see Figure 3). One or more of them will 

contain a pattern. The patterns are then displayed in the middle of the screen, one at a time, 

and the subject must touch the box where the pattern was originally located. If the subject 

makes an error, the patterns are re-presented to remind the subject of their locations. The 

difficulty level increases through the test. In the clinical mode, the number of patterns 

55 



increases from one to eight, which challenges even very able subjects. Parallel versions of 

the PAL are used for repeated testing to reduce the possibility of practice effects. 

B • • • • • 
Figure 3 Display screen for Paired Associates Leaming (PAL) 

The Boston Naming Test (BNT; Kaplan, et al. , 1983) is a measure of language retrieval 

from semantic memory (naming). Deficits in semantic memory are found relatively early 

in AD (Chan, Butters, & Salmon, 1997; Hodges & Patterson, 1995) and have also been 

found in MCI patients (Dudas, Clague, Thompson, Graham, & Hodges, 2005; Hodges, 

Erzinclioglu, & Patterson, 2006). The BNT comprises 60 line drawings of items ranging 

from very frequent to very infrequent. This test predicts the rate of cognitive decline in AD 

(Carswell, 1999; Rasmusson et al. , 1996) and distinguishes between subgroups of AD (J. 

K. Johnson, et al. , 1999). It has also been demonstrated to be sensitive to asymmetric 

cognitive changes in early AD, where one hemisphere is affected more than the other 

(Delis, et al., 1992; Jacobs, et al. , 1995). 
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3.2.3. Executive, Attention, and Working Memory Assessment 

Measures of executive functioning, attention, and working memory capacity were selected 

from the Cambridge Automated Neuropsychological Assessment Battery (CANTAB). The 

CANTAB is a valid and reliable measure ofneuropsychological functions developed 

specifically for use with aged populations and populations suffering from dementia and 

related disorders (Fray, Robbins, & Sahakian, 1996). The CANTAB has been used 

extensively to study both mild and moderate forms of AD (Sahakian & Owen, 1992) with 

subtests found to be sensitive to deficits in cognitive function, as well as the progressive 

decline of cognitive functions early in the course of AD (Fray, et al., 1996; Sahakian & 

Owen, 1992). CANTAB is also useful for defining functions that are spared, as well as 

impaired, in AD (Sahakian et al., 1990; Sahakian et al., 1988), which may have 

implications for drug treatment and rehabilitation (Robbins & Sahakian, 1994). 

The CANTAB consists of three separate batteries, each addressing a specific area of 

cognition: (i) visual memory; (ii) attention; and (iii) working memory and planning. The 

following subtests from the attention battery were used to assess participants' selective, 

divided, and sustained attention: Reaction Time, Matching to Sample, and Rapid Visual 

Processing. 

The Reaction Time (RTI; parallel mode) test measures response speed and accuracy. In 

addition, it also screens for the ability to press the response pad and touch the screen. The 

RTI test involves five stages, which are designed to assess the participants capacity to 

respond to a single stimulus, touching a yellow dot appearing in a circle in the centre of the 

screen (see Figure 4); as well as responses on a choice reaction task, in which the 
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participant must touch a yellow dot that can appear in any of five locations (see Figure 5). 

The RTI test takes approximately five minutes to administer. In the present study, the 

Simple RTI (SRTI) performance measure was used to assess participants ' simple sustained 

attention, while the 5-choice RTI (CRTI) performance measure was used to assess divided 

attention. 

Figure 4 Display screen for simple reaction time (SR TI) 

Figure 5 Display screen for 5-choice reaction time (CRTI) 

The Matching to Sample (MTS; parallel mode) visual search task tests the participant's 

ability to match visual samples, and measures reaction and movement time. Depression of 

the response-pad opens a central red box to reveal the (sample) stimulus and, two seconds 

later, choice stimuli (1 , 2, 4 or 8) appear in the 8 surrounding white boxes (see Figure 6). 

Participants must match the central stimulus to one of the choices provided at the periphery 

by touching the correct stimulus. A total of 48 test trials occur (12 at each of the 4 set 

sizes) presented in a pseudo-random manner. The test takes approximately nine minutes to 
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administer. MTS mean correct latency was selected as the performance measure for this 

test, as it is designed to measure participants' selective attention. 

Figure 6 Display screen for Matching to Sample Visual Search (MTS) 

The Rapid Visual Processing (RVP; clinical mode) task is a test of sustained attention, 

with a small working memory component and is sensitive to dysfunction in the parietal and 

frontal lobe areas of the brain (Sahakian & Coull, 1993). A white box appears in the centre 

of the computer screen, inside which digits, from 2 to 9, appear continuously in a pseudo

random order at a rate of 100 digits per minute (see Figure 7). During the assessment 

phase of the test participants are asked to detect three sequences of digits : 2-4-6, 3-5-7, and 

4-6-8. The target sequences occur at a rate of 16 every two minutes and no cues or 

feedback are given regarding accuracy. The test takes approximately seven minutes to 

administer. The outcome measures chosen for the present study were RVP A', a measure 

of target detection threshold; and RVP mean latency, a measure of sustained attention. 

Figure 7 Display screen for Rapid Visual Information Processing (RVP) 
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3.2.4. Working Memory Measures 

The following tests from the spatial working memory and planning battery of the 

CANT AB were used to assess working memory functions: Spatial Span and Spatial 

Working Memory. 

Spatial Span (SSP; clinical mode) is a test of visuospatial span (working memory capacity) 

and is a computerised equivalent of the Corsi Blocks task. White squares are shown, some 

of which temporarily change in colour in a variable sequence (see Figure 8). The 

participant must then touch each of the boxes in the same order as they were originally 

coloured by the computer. The number of boxes in the sequence is increased from 2 at the 

start of the test to 9 by the end. The test takes approximately five minutes to administer. 

SSP span length, which is a measure of the participants' visual span length, was selected as 

the performance measure for this test. 

••• • D• • • • 
Figure 8 Display screen for Spatial Span (SSP) 

The Spatial Working Memory (SWM; clinical mode) test assesses the short-term retention 

and manipulation of spatial information in working memory and is sensitive to frontal (but 

not temporal) lobe damage (Robbins & Sahakian, 1994). The test requires the participant 

to continually manipulate and update their working memory. The aim of the test is that the 
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participant should find a blue 'token' in each of the boxes displayed and use them to fill up 

an empty column on the right hand side of the screen, whilst not returning to boxes where 

a blue token has previously been found (see Figure 9). The colour and position of the 

boxes used are changed from trial to trial to discourage the use of stereotyped search 

strategies. The SWM takes approximately eight minutes to administer. SWM total errors 

provides a measure of monitoring errors, where the score reflects the number of times that 

a person has selected a square that was certain not to contain a blue token. SWM total 

errors is designed to measure aspects of the central executive. 

Figure 9 Display screen for Spatial Working Memory (SWM) 

3.2.5. Executive Function Measures 

Two CANT AB subtests from the spatial working memory and planning battery were 

selected to assess executive functions: Spatial Working Memory Strategy and Intra-Extra 

Dimensional Set Shift. 

SWM strategy, a measure from the SWM task (Figure 9), assesses heuristic strategy and is 

a sensitive measure of frontal lobe and 'executive ' dysfunction (Robbins & Sahakian, 

1994). 

61 



The Intra-Extra Dimensional Set Shift (IED; parallel mode) test assesses rule acquisition, 

flexibility of thinking and attentional set shifting and is a computerised equivalent of the 

Wisconsin Card Sorting Test. Performance on the IED is sensitive to frontal (but not 

temporal) lobe dysfunction in humans (Dorion, Duyme, Zanca, Dubois, & Beau, 2001 ; 

Robbins & Sahakian, 1994). The test involves learning which of two stimuli (see Figure 

JO) is correct. Initially, participants learn the rule for which figure is correct via feedback 

from the computer. Following acquisition of the rule (criterion of six correct responses in a 

row), the determining rule is automatically changed by the computer, with the number of 

trials that the individual takes to shift to the new rule being recorded. First, simple 

discrimination and reversal learning are tested to stimuli varying in one of the two 

dimensions only (eg purple shapes or white lines). A second irrelevant dimension is then 

introduced, and compound stimulus and reversal learning are tested. The test takes 

approximately seven minutes to administer. IED total errors (adjusted) and IED total trials 

(adjusted) provide a measure of attention shifting and attentional flexibility. 

Figure I 0 Display screen for Intra-Extra Dimensional Set Shifting (IED) 
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3.3. Procedure 

The following procedure was used at all three assessment sessions (Baseline, 10 months, 

and 20 months). The WTAR was administered only at the baseline assessment. After 

completion of the clinical and neuropsychological tests (WTAR, DRS-2, GDS, BNT, 

RA VLT) the CANTAB tests were administered in the following order: RTI, PAL, MTS, 

SSP, RVP, SWM, IED. The 11 tests took approximately 90 minutes to administer. Half

way through the testing procedure all participants were given a 10 minute break to 

minimise the possibility of negative practice effects (i.e. fatigue). The CANT AB tests were 

administered on an IBM-compatible laptop computer with a 17-inch touch-sensitive screen 

and a response pad used for reaction-timing. Participants were seated approximately 50cm 

from the touch-screen and the response pad was positioned 15cm from the bottom right (or 

left for left-handed participants) comer of the touch screen. A standardised script was used 

to administer the CANT AB tests. 
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Chapter 4 
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4. Baseline Assessment: Recruitment and Classification of MCI Participants 

Research into MCI continues to be complicated by disagreements about the criteria 

utilised, the classification process employed, the relative instability of the MCI 

classification over time, and a lack of agreement regarding the neuropsychological 

instruments and cut-off scores that yield the most sensitive and reliable assessment 

(Petersen, 2004; Rabin et al., 2006). Initially the MCI criteria proposed by Petersen and 

colleagues (Petersen, et al., 2001; 1999) were widely adopted by researchers in the field, 

requiring evidence of: informant-corroborated complaints of memory loss; objective 

evidence of memory impairment (typically defined as a performance 1.5 standard 

deviations below a demographically matched control group on a verbal memory test); 

preserved general cognitive functioning; intact activities of daily living (ADL); and no 

dementia. When these criteria were later expanded to comprise four subtypes of MCI 

(Petersen & Morris, 2005; Winblad, et al., 2004), specific classification criteria for 

individual cognitive domains were not identified and the potentially problematic criterion 

requiring a subjective report of memory/cognitive decline was retained. 

Memory complaints are commonly reported in the elderly; studies indicate that between 

25% (Tobiansky, Blizard, Livingston, & Mann, 1995) and 34.3% (Jonker, Launer, Hooijer, 

& Lindeboom, 1996) of community samples over 65 years of age report memory 

complaints. Whether these subjective memory complaints are predictive of objective 

cognitive deficits remains contentious (e.g., Farias, Mungas, & Jagust, 2005; Lam, Lui, 

Tam, & Chiu, 2005). Recently it was reported that memory complaints in two specific 

domains (reported memory difficulties for conversations, and for movies and books) were 

reliable indicators of objective cognitive deficits (Clement, Belleville, & Gauthier, 2008). 

However, a variety of other cognitive problems experienced by individuals may 
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mistakenly be attributed to 'poor memory' (Howieson & Lezak, 2002). Subjective 

experiences such as being unable to recall the name of a recently introduced person, to 

recall the name of someone known well, or to recall common words or proper names are 

commonly reported (Lezak, et al., 2004). These subjective experiences of memory 

impairment occur despite evidence of intact new learning and retention, suggesting that 

there may be an underlying information registration deficit arising from an impairment to 

attention, executive control, or information processing (Howieson & Lezak, 2002). 

Consequently, the reliability and validity of subjective reports of memory impairment are 

uncertain and it is possible that they reflect underlying deficits to attention, executive 

functioning or information processing. 

The aim of the baseline phase of this study was to objectively assess the veracity of 

memory complaints of individuals reporting a gradually progressive course of cognitive 

impairment, with predominant memory-related symptoms (subjective-MCI). The second 

objective of the baseline phase was to assess executive, working memory, semantic 

memory/language, and attentional processing capacities in participants with subjective

MCI (with no objective memory impairment) and amnestic-MCI. It is hypothesised that 

screening criteria of: informant-corroborated subjective complaints of declining memory 

functioning (particularly with regard to memory difficulties with conversations, books and 

movies, common words and names); objective evidence of memory (verbal and/or visual) 

impairment; intact activities of daily living (ADL); and no dementia; will result in the 

identification of a group of individuals with amnestic-MCI. Furthermore, it is hypothesised 

that participants in subjective-MCI and a-MCI groups will have significantly greater 

objective deficits than a cognitively intact control group on one or more of the cognitive 

domains implicated in the preclinical stages of AD: attention (selective, sustained, and/or 
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divided), working memory (central executive functioning), executive functioning (heuristic 

strategy, rule acquisition, flexibility of thinking and attentional set shifting), and semantic 

memory/language (naming). 

4.1. Method 

4.1.1. Participants 

A total of 131 participants aged between 60 and 90 years ( 63 male and 68 female), 

comprising 4 subgroups: amnestic-MCI (a-MCI; n = 60); subjective-MCI (s-MCI; n = 32); 

mild probable AD (n = 14); and healthy controls (n = 25), participated in the baseline 

phase of this study. 

4.2. Statistical Analyses 

All statistical computations were performed using SPSS for Windows (version 17.0). 

Analyses of the hypotheses were conducted by MANO VA to maintain control of 

experiment-wide Type I error rate across tests from similar cognitive domains, followed by 

one-way ANOVAs to test for specific group differences and post-hoe pairwise 

comparisons. The Games-Howell procedure was selected due to unequal sample sizes and 

heterogeneity of variance in the data (Howell, 2002). 
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4.3. Results 

The neuropsychological tests used in the present study are susceptible to variations 

between groups due to discrepancies in age, gender, premorbid IQ, and dementia severity 

(Strauss, et al., 2006). One-way ANOV A identified significant group differences in age 

(Table 1 ), with the probable AD group being significantly older than the other groups. 

Correlational analyses indicated significant relationships exist between age and: WTAR (r 

= .195); BNT (r = -.388); RA VLT Trial 5 (r = -.387); RA VLT total recall (r = -.363); 

RA VLT delayed recall (r = -.411 ); PAL 6 shapes adjusted (r = .319); and PAL 8 shapes 

adjusted (r = .453). Analysis of group differences across these variables was conducted by 

ANCOV A with age as the covariate (Table 1 ). Correlational analyses revealed no 

significant relationships between age and GDS, education level, or DRS-2; with ANOV A 

indicating no significant group differences in GDS score or level of education (Table 1 ). A 

2x4 chi square identified significant differences in gender ratio between the four groups 

(X2c3)= 11.362,p = .010) reflecting a higher proportion of males in the mild probable AD 

group. 
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Table 1 Group differences in Age, Education, estimated premorbid FSJQ, GDS, DRS-2, BNT score, RA VLT and PAL scores. 

Control s-MCI a-MCI Probable AD p. Post-hoe (atp.<.05) Effect size 

Measure Mean (SD) Mean (SD) Mean (SD) Mean (SD) (n/) 

n 25 32 60 14 

Age 69.32 (5.83) 71.16 (7.08) 71.18 (7.02) 76.29 (7.04) .026 CONT<AD .070 

Education 13.50 (3.09) 13.00 (3.52) 13.13 (3.35) 12.00 (2.72) .561 .016 

WT AR (est. FSIQ) 111.62 (5.94) 110.91 (6.78) 108.48 (8.75) 107.71 (7.73) .009 CONT, sMCI > aMCI, AD .088 

GDS 1.60 (1.80) 1.56 (1.46) 1.50 (1.58) 2.29 (1.33) .409 .022 

DRS-2 (AEMSS) 11.80 (1.71) 12.09 (1.77) 10.82 (1.87) 5.43 (1.83) <.001 AD<aMCI<sMCI, CONT .536 

BNT 57.48 (1.73) 55.78 (2.88) 54.40 (4.24) 44.21 (8.69) <.001 AD<aMCI<sMCI, CONT .382 

RA VL T trial 5 recall 12.29 (1.90) 11.66 (1.91) 8.97 (1.87) 6.07 (1.94) <.001 AD<aMCI<sMCI, CONT .505 

RA VLT total recall 48.12 (7.09) 45.47 (8.33) 35.60 (8.07) 25.00 (4.71) <.001 AD<aMCI<sMCI, CONT .453 

RA VL T delayed recall 10.36 (2.50) 9.50 (2.77) 6.57 (2.35) 2.64 (2.41) <.001 AD<aMCI<sMCI, CONT .454 

PAL 6 shapes (total errors adj.) 4.40 (3.48) 5.63 (4.15) 11.53 (9.85) 30.50 (20.13) <.001 AD>aMCI>sMCI, CONT .346 

PAL 8 shapes (total errors adj.) 14.84 (8.32) 15.78 (9.24) 31.63 (16.04) 52.71 (22.21) <.001 AD>aMCI>sMCI, CONT .391 

WT AR= Wechsler Test of Adult Reading; est FSIQ = estimated Full Scale Intelligence Quotient; GDS =Geriatric Depression Scale; DRS-2 (AEMSS) =Dementia Ratmg Scale-2 (Age and Education corrected 
MOANS [Mayo Older American Normative Studies] Scaled Scores); BNT =Boston Naming Test; RA VL T =Rey Auditory Verbal Leaming Test; PAL= Patred Associates Leaming. 
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Significant group differences were detected for age, BNT score, DRS-2, RA VLT, and PAL 

scores (Table 1 ). Post-hoe analyses indicated that group differences on these tests were in 

expected directions. 

Correlational analyses revealed no significant relationships between age and simple RTI or 

RVP A'. Analysis of group differences by MANOV A across these two variables indicated 

a significant group difference (Pillai's trace= .474, F(9,381) = 7.937,p. < .001, power= 

1.00, n/ = .158). Subsequent analyses of the group differences within each of these 

dependent variables were examined by ANOV A (Table 2). Correlational analyses 

identified significant relationships between age and: MTS correct latency (r = .267); RVP 

latency (r = .191); and 5 choice RTI (r = 240). Analysis of group differences across these 

three variables by MANCOVA with age entered as the covariate, identified a significant 

group effect (Pillai's trace= .289, Fc9, 378) = 4.486,p. < .001, power= 1.00, n/ = .096). 

Subsequent analyses of the group differences within each of the dependent variables was 

conducted by ANCOV A (Table 2). 
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Table 2 CANTAB Attention Test Performances in Control, s-MCI, a-MCI, and probable AD Groups 

Attention Test Control s-MCI a-MCI Probable AD p. Effect size Power 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) (n/) 

n 25 32 60 14 

Selective 

MTS correct latency (msec) 2836.07 (750.43)8 3524.89 (1368.69)8 3768.82 (1554.22)b 5780.33 (2970.71)° <.001 .161 .990 

Divided 

5 Choice RTI (msec) 338.33 (42.53)8 379.17 (53.37)8 374.85 (69.60)8 475.28 (152.78)b <.001 .161 .990 

Sustained 

Simple RTI (msec) 300.96 (40.96)8 328.72 (60.68)3 336.51 (74.51)b 406.26 (105.58)° <.001 .139 .975 

RVP latency (msec) 447.50 (77.51)3 530.70 (123.75)b 519.68 (123.57)b 574.25 (172.20)b .034 .066 .692 

Target detection 

RVPA' 0.93 (0.04)3 0.86 (0.05)b 0.87 (0.05)b 0.83 (0.05)° <.001 .299 1.00 

MTS =Matching to Sample; RTI =Reaction Time; RVP =Rapid Visual Processing 
Means with different superscripts differ significantly at p < 05 
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Post-hoe analyses were conducted to examine group differences on MTS correct latency, 5 

Choice RTI (CRTI), Simple RTI (SRTI), RVP latency, and RVP A'. For MTS mean 

correct latency the a-MCI and probable AD groups were significantly slower than the 

control and s-MCI groups; with the probable AD group being significantly slower than the 

a-MCI group (p. < .05). On the CRTI task the probable AD group was significantly slower 

than the s-MCI, a-MCI and control groups (p. < .05); with no other group differences 

detected. On SRTI the a-MCI and probable AD groups were significantly slower than the 

control and s-MCI groups; with the probable AD group being significantly slower than the 

a-MCI group (p. < .05). On RVP mean latency the a-MCI, s-MCI and probable AD groups 

were significantly slower than the control group (p. < .05); with no other significant group 

differences being detected. On RVP A' the s-MCI, a-MCI, and probable AD groups 

displaying significantly lower detection thresholds than the control group; the probable AD 

group displayed a significantly lower detection threshold than the a-MCI group (allp. < 

.05); with no difference between the a-MCI and s-MCI groups being detected. 

Correlational analyses indicated significant relationships existed between age and both 

measures of working memory: SWM total errors and SSP. Group differences on these two 

CANTAB measures of working memory were examined by MANCOVA with age entered 

as the covariate. A significant group effect was detected across the two dependent 

variables of working memory (Pillai's trace= .339, F(6,2s2) = 8.580,p. < .001, power= 

1.00, n/ = .170). Subsequent analyses of the group differences within each of the 

dependent variables were conducted by ANCOV A (Table 3). 
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Table 3 CANTAB Working Memory Performances in Control, s-MCL a-MCL and Probable AD Groups 

Working Memory Test Control s-MCI a-MCI Probable AD p. Effect size Power 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) (n/) 

n 25 32 60 14 

Spatial Working Memory 

SWM total errors 33.68 (13.08)3 42.06 (15.05)b 51.82 (15.15t 66.21 (19.29)d <.001 .248 1.00 

Visuospatial Span 

SSP 5.80 (0.76)3 5.20 (0.69)b 4.96 (0.64t 4.50 (0.85)° <.001 .197 .998 

SWM = Spatial Working Memory; SSP = Spatial Span 
Means with different superscripts differ significantly at p < 001 
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Post-hoe analyses were conducted to examine the group differences identified for SWM 

total errors and SSP span length. On SWM total errors, significant differences were 

detected between each of the groups, with the probable AD group making more errors than 

the a-MCI group, the a-MCI group making more errors than the s-MCI group, and the s

MCI group making more errors than the control group (p. < .05). On SSP span length, the 

a-MCI and probable AD groups displayed a significantly shorter span than the s-MCI and 

control groups (p. < .05), with the s-MCI displaying a significantly shorter span than the 

control group. 

Correlational analyses revealed no significant relationships between age and IED total 

errors (adjusted) or IED total trials (adjusted). Correlational analyses indicated significant 

relationships existed between age and SWM strategy. Group differences on the three 

measures of executive functioning (CANTAB) were examined by MANCO VA with age 

entered as the covariate. A significant group effect was detected across the three dependent 

variables of executive functioning (Pillai's trace= .286, F(9,366) = 4.285,p. < .001, power= 

.998, n/ = .095). Subsequent analyses of the group differences within each of the 

dependent variables were conducted by ANCOV A (Table 4). 
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Table 4 CANTAB Executive Function Performances in Control, s-MCJ, a-MCI, and Probable AD Groups 

Executive Function Test Control s-MCI a-MCI Probable AD p. Effect size Power 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) (n/) 

n 25 32 60 14 

Heuristic strategy 

SWM strategy 35.44 (3.10)3 37.88 (3.45)b 38.11 (2.05)b 37.21 (4.76)3 .014 .0.83 .791 

Attention shifting 

IED total errors (adjusted) 14.84 (13.18)3 16.44 (28.24)3 18.64 (12.20)3 37.71 (14.58)b .002 .114 .922 

IED total trials (adjusted) 78.40 (23.75)3 82.69 (52.75)3 86.36 (23.43)3 127.36 (28.94)b <.001 .145 .976 

SWM =Spatial Working Memory; IED =Intra-Extra Dimensional Set Shift 
Means with different superscripts differ significantly at p < .001 

75 



Post-hoe analyses were conducted to examine the group differences identified for IED total 

errors (adjusted), IED total trials (adjusted), and SWM strategy. On SWM strategy, scores 

were significantly higher in both the a-MCI and s-MCI groups compared to the control 

group and the probable AD group (p. < . 05), with no difference detected between the a

MCI and s-MCI groups. On both IED total errors (adjusted) and IED total trials (adjusted) 

the probable AD group made significantly more errors than the control, s-MCI and a-MCI 

groups (p. < .05); with no other group differences reaching significance. 

It was predicted that a large proportion of the 32 s-MCI participants, who present with 

subjective experiences of memory problems without objective evidence of memory 

impairment, would perform below the 1 Oth percentile (-1.28 SD) for their age on one or 

more attention and/or working memory tests. It was found that all 32 s-MCI participants 

performed below the 1 Oth percentile on one or more of these measures. That is, these 

participants displayed a level of impairment ( <1 Oth percentile) on specific tests of non

memory functions equivalent in severity to the level of amnestic impairment used to 

classify a-MCI. Consequently, these participants could be considered to be displaying a 

non-amnestic form of MCI (na-MCI). The number of participants in the s-MCI, a-MCI, 

and probable AD groups with impairments (defined as performances below the 1 Oth 

percentile against age-based normative data) to verbal and/or visual memory or other 

cognitive domains are displayed in Table 5. 
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Table 5 Proportion of s-MCI, a-MCI, and Probable AD Participants Performing at 
<I Oth Percentile on Memory and Non-amnestic Measures. 

s-MCI a-MCI Probable AD 
Impairment• 

n (%) n (%) n (%) 

Verbal memory: 38 (63%) 14 (100%) 

Visual memory 35 (58%) 10 (71%) 

Semantic memory/language 1 (3%) 5 (8%) 7 (50%) 

Attention/executive function 31 (97%) 44 (73%) 13 (93%) 

Working memory 2 (6%) 22 (37%) 9 (64%) 

Memory (visual or verbal) only (single-domain) 12 (20%) 

Attention/executive only (single-domain) 29 (91%) 

Working memory only (single-domain) 1 (3%) 

Multi-domain amnestic (memory+ other) 48 (80%) 14 (100%) 

Multi-domain non-amnestic (2 or more other 
2(6%) 

cognitive) 

•Impairment defined as perfonnance <lOih percentile compared to age-based nonnative data. 

Only 12 participants in the a-MCI group displayed an isolated impairment to episodic 

memory functioning (verbal and/or visual). The remaining 48 participants exhibited 

deficits in one or more additional cognitive domains (Table 5) and could be reclassified as 

multiple domain a-MCI. These results highlight the need for the use of sensitive and 

specific neuropsychological tests of other cognitive functions in the classification of 

single-domain a-MCI. These findings also suggest that previous research into a-MCI may 

have inadvertently examined a group with heterogeneous cognitive impairment. 
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4.4. Discussion 

The baseline phase of this study involved the comprehensive screening and objective 

measurement of memory performance in individuals with informant-corroborated 

complaints of declining memory functioning. Measures of visual memory functioning were 

also incorporated, as previous studies (Blackwell, et al., 2004; Swainson, et al., 2001) 

indicate that visual memory tests are predictive of subsequent decline to probable AD. 

Participants without objective memory impairment were not excluded from the present 

study following the memory assessment. Previous research has excluded such participants 

from studies of MCI on the basis of there being no objective memory impairment or 

impairment to global cognitive functions. A battery of sensitive and specific 

neuropsychological tests of working memory, semantic language, and attentional 

processing capacities was then administered to the a-MCI and subjective-MCI groups in 

order to further characterise these groups. The results indicate that all MCI participants 

displayed intact levels of cognitive functioning when assessed by the DRS-2; however, all 

MCI participants were significantly impaired in at least one cognitive domain when 

assessed using domain-specific normative-referenced sensitive neuropsychological tests. 

Employing a performance cut-off of <I Oth percentile (-1.28 SD) below age norms, a total 

of 92 participants were identified as displaying an impairment to at least one cognitive 

domain, consistent with the notional criteria for MCI. Of the 92 individuals, a subgroup of 

32 were identified as displaying impairments to attention and/or working memory with no 

identifiable impairment to verbal or visual episodic memory. This subgroup, originally 

referred to as subjective-MCI, can be reclassified as na-MCI; as the results indicate that 

compared to the control group, the subjective-MCI group displayed greater impairment to: 

78 



language retrieval from semantic memory, complex sustained attention, and target 

detection. However, the performance of the na-MCI group did not differ significantly from 

the a-MCI group on these three measures. In addition, the na-MCI group displayed deficits 

to divided attention and visuospatial span compared to the control group, but there were no 

differences in performance on these measures between the na-MCI group and the a-MCI or 

probable AD groups. These results indicate that the na-MCI group was only 

distinguishable from the a-MCI group in the absence of impaired episodic memory 

processing. Overall, the na-MCI group displayed impairments to language retrieval, 

complex sustained attention, target detection, divided attention, and visuospatial span; but 

did not differ from the a-MCI group on these measures. 

The remaining 60 participants displayed an impaired performance on a verbal and/or visual 

episodic memory measure and appeared to have otherwise intact general cognitive 

functioning (DRS-2). When the a-MCI participant's performance on the battery of 

attention and working memory tests was examined, it was found that 48 (80%) displayed 

an impaired performance on at least one measure of attention or working memory function, 

despite no evidence of impairment to these cognitive domains being detected on the DRS-

2. When compared to the control group this subset of a-MCI participants displayed deficits 

to: language retrieval from semantic memory, complex sustained attention, target 

detection, selective attention, simple sustained attention, divided attention, visuospatial 

span, and spatial working memory. The performance of this group did not differ from the 

na-MCI group on measures oflanguage retrieval, complex sustained attention, target 

detection, divided attention, or visuospatial span. Further, they did not differ significantly 

from the probable AD group on measures of selective attention, simple sustained attention, 

divided attention, visuospatial span, or spatial working memory. 
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A total of 60 participants met Petersen's (2001; 1999) original criteria for a-MCI: an 

objective memory impairment in the absence of other cognitive impairments (as measured 

using the DRS-2 as a global measure of cognitive functioning). However, when a criterion 

for other cognitive impairments is applied and sensitive and specific neuropsychological 

tests are used to assess these functions, it was discovered that of the 60 participants 

initially designated as having a-MCI, 48 displayed an equivalent level of impairment on at 

least one other cognitive domain. These participants therefore meet the notional criteria for 

multi-domain a-MCI. These results support previous findings that the original criteria for 

a-MCI (Petersen, et al., 2001) are insufficient, as the criterion for detecting the presence or 

absence of impairments to other cognitive domains are discrepant from the criteria for 

detecting memory impairment. It is therefore suggested that Petersen' s criteria be revised 

to include a criterion that there is no objective impairment to other cognitive functions as 

measured by specific normative-referenced neuropsychological tests, and that the level at 

which impairment is identified is identical to that employed for objective memory 

impairments. Further, on the basis of these results it is recommended that the criterion for 

objective memory impairment be extended in practice to include visual and verbal episodic 

memory impairment, as measured by objective norm-referenced neuropsychological tests. 

Finally, the apparent low rate of single-domain a-MCI in the present sample (n =12; 20%) 

is consistent with previous findings that 'pure' or single-domain a-MCI is rare (Alladi, et 

al., 2006). Such findings raise concerns regarding previous research employing Petersen's 

criteria for a-MCI, in that the participants recruited may predominantly represent multi

domain a-MCI and not single-domain a-MCI. 
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The results of the present study indicate that 32 of the 92 participants recruited on the basis 

of an informant corroborated subjective report of memory decline in specific areas, do not 

display an objective memory impairment. Previous studies have excluded these 

participants from examination on the assumption that in the absence of an objective 

memory impairment there is no MCI. In contrast to previous research, these participants 

were retained and assessed using sensitive and specific tests of other cognitive functions. It 

was found that these participants do display a pattern of impairments to other cognitive 

domains of equivalent severity to those participants displaying an objective memory 

impairment. Current classification criteria for MCI consistently refer to the presence of 

memory impairment as the core defining characteristic feature of MCI (Petersen, et al., 

2001; 1999). As this study and other recent studies indicate (Alladi, et al., 2006; Belleville, 

et al., 2007; Herukka, et al., 2007; Saunders & Summers, 2010), MCI classification criteria 

based exclusively on the presence of a memory impairment alone excludes a significant 

number of aging adults with significant decline in other cognitive domains. That 35% of 

the target population in the present study did not display an objective impairment to 

memory but did display an objective impairment to attention or working memory 

functioning raises concerns regarding previous research into the trajectory of MCI. As this 

subgroup of adults have generally been excluded from clinical studies of MCI, the risk for 

sufferers ofna-MCI in developing a neurodegenerative disorder such as Alzheimer's 

dementia has not been established. Further, the relationship between the various subtypes 

of MCI has not been examined: it is possible that na-MCI represents an alternate early 

phase of MCI equivalent to single-domain MCI, but that both progress to multi-domain a

MCI and then to AD; or alternatively, that na-MCI represents a prodromal phase of other 

neurodegenerative disorders such as vascular dementia. 
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In conclusion, using a battery of standard neuropsychological tests on a sample of adults 

with independently confirmed subjective memory decline, two MCI subgroups were 

identified: a group with na-MCI (35% of the sample) and a group with a-MCI (65% of the 

sample). Further, it was found that the majority (80%) of the a-MCI group displayed 

impairments to other cognitive domains, in addition to objective episodic memory deficits, 

and could be subdivided into two groups with single-domain a-MCI and multi-domain a

MCI. To date no study has longitudinally examined attention and working memory deficits 

in subtypes of MCI, consequently there is no information as to whether these deficits are 

predictive of the development of AD or another neurodegenerative condition. An 

important caveat to the concept of MCI in its narrow definition as an amnestic syndrome is 

that it is difficult to estimate the number of early AD cases that are excluded by the narrow 

definition of 'amnestic' MCI. Therefore, there is a need for the development of an 

equivalent set of criteria for classifying MCI subtypes involving deficits to other (non

memory) cognitive domains and to increase the specificity of the definition beyond that of 

verbal memory MCI. It is imperative that the heterogeneity of the classification of MCI be 

reduced; this is readily attainable with increased specificity of measurement of impairment 

and classification of subtypes of MCI. 
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83 



5. 10-Month Assessment: Group Outcomes and Stability of Baseline Classifications 

Previous research has failed to adequately assess non-memory functions in MCI. The 

present study is distinct from these studies as it longitudinally assesses visual memory, 

attention, executive function, working memory, and semantic language/memory using tests 

with equivalent reliability and validity to those tests used to assess verbal memory 

functions in a-MCI. Furthermore, the majority of studies examining MCI have classified 

participants at the baseline assessment and then reassess participants 2-10 years after the 

initial assessment to establish group outcomes. The baseline phase (Chapter 4) of the 

present study involved the recruitment and subsequent cross-sectional examination of these 

functions, in addition to visual and verbal memory, in a sample of older adults with na

MCI, a-MCI, and mild AD (Saunders & Summers, 2010). From the existing literature, 

there does not appear to be a community-based study that has longitudinally examined 

these specific functions in participants classified according to the revised MCI criteria 

(Petersen & Morris, 2005). In the present chapter the results of follow-up testing of these 

groups after a 10-month interval are examined. 

The objective of this phase of the investigation was to readminister the battery of visual 

and verbal episodic memory, attention, executive function, working memory, and semantic 

memory tests administered at baseline to establish whether any significant changes had 

occurred on any of the measures over the 10-month interval at a group level. Based upon 

the existing literature and given the conceptualisation of MCI as a prodromal phase to 

dementia, it was hypothesised that the a-MCI, na-MCI and probable AD groups would all 

display a deterioration in cognitive functioning over a 10-month period. Further, it was 

hypothesised that the a-MCI would display a preferential decline to memory functions, that 

a proportion of the a-MCI group would progress to a neurodegenerative disorder, such as 
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dementia, and that the na-MCI group would display a preferential decline in non-memory 

functions. 

5.1. Method 

5.1.1. Participants 

Participants were re-assessed 10-months (±1 month) after the baseline assessment. By the 

second assessment session, two a-MCI participants (1 deceased; 1 hydrocephalus) and two 

na-MCI participants (1 relocated interstate; 1 suffered a cerebro-vascular accident) had 

withdrawn from the study. Of the 14 participants with probable AD recruited into the 

study, 2 were unable to be reassessed due to advancing severity of their disease. A total of 

125 participants comprising four groups: control (n = 25); amnestic-MCI (a-MCI; n = 58); 

nonamnestic-MCI (na-MCI; n = 30); and probable AD (n = 12), completed both the 

baseline and 10-month assessments. 

5.2. Statistical analyses 

Statistical computations were performed using SPSS for Windows (version 17.0). 

Analyses of the hypotheses were conducted by repeated measures MANOVA to maintain 
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control of experiment-wide Type I error rate across tests from similar cognitive domains. 

Significant multivariate tests were followed by two-factor repeated measures (group and 

time) mixed factorial (one between-subjects variable and one within-subjects variable) 

ANOV As with main effects being examined by Pairwise Comparisons and/or Games

Howell post hoe analyses as appropriate. 

5.3. Results 

Demographic variables for the four groups are shown in Table 6. There were no 

statistically significant differences between the four groups on age or education; however, 

significant differences were found between groups on the measure ofpremorbid FSIQ. 
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Table 6 Group differences in age, education, and estimatedpremorbid FSIQ scores. 

Control na-MCI a-MCI Probable AD p. Post-hoe (atp.<.05) Effect size 

Measure Mean (SD) Mean (SD) Mean (SD) Mean (SD) (n/) 

n 25 30 58 12 

Age 70.20 (5.82) 72.03 (7.07) 71.43 (6.76) 76.58 (6.29) .052 .127 

Education 13.50 (3.09) 13.00 (3.52) 13.13 (3.35) 12.00 (2.72) .688 .055 

111.62 (5.94) 110.91 (6.78) 108.48 (8.75) 107.71 (7.73) .044 CONT, na-MCI > a-MCI, .239 
WTAR (est. FSIQ) 

AD 

WT AR= Wechsler Test of Adult Reading; est FSIQ =estimated Full Scale Intelligence Quotient. 
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Group differences on the DRS-2, BNT and ODS at baseline and 10 months are presented 

in Table 7. 

Table 7 Group mean scores for the DRS-2, BNT and GDS at baseline and 10 months 

Control na-MCI a-MCI Probable AD 

Measure Time Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

n 25 30 58 12 

DRS-2 Baseline 11.73 (1.71) 12.07 (1.67) 10.85 (2.06) 5.25 (2.63) 

(AEMSS) 10-months 13.16 (1.46) 13.13 (1.94) 10.91 (2.61) 5.25 (2.63) 

BNT Baseline 57.50 (1.73) 56.00 (2.77) 54.34 (4.30) 43.42 (9.19) 

10-months 57.72 (2.23) 56.23 (3.17) 54.76 (4.17) 42.33 (11.03) 

GDS Baseline 1.60 (1.80) 1.57 (1.50) 1.53 (1.60) 2.25 (l.29) 

10-months 1.36 (1.52) 1.60 (1.50) 1.82 (l.75) 2.08 (1.38) 

DRS-2 (AEMSS) =Dementia Ratmg Scale-2 (Age and Education corrected MOANS [Mayo Older American 
Normative Studies] Scaled Scores), BNT =Boston Nammg Test; GDS =Geriatric Depression Scale 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

the DRS-2 at baseline and 10 months (Table 7) identified significant main effects for group 

(F(3, 121) = 57.019,p. < .001, power= 1.00, n/ = .586), and time (F(1,121) = 7.638,p. < .01, 

power= .783, n/ = .059), and a significant interaction effect (F(3,121) = 2.947,p. < .05, 

power= .687, n/ = .068). Simple main effects analysis revealed significant improvements 

in DRS-2 score in the control group between baseline and 10 months (p. < 0.001) but no 

change in the a-MCI group. Simple main effects analysis also revealed that the probable 

AD group displayed significantly lower DRS-2 scores (p. < 0.001) than the control, na-

MCI, and a-MCI groups at baseline and 10 months; and the a-MCI group displayed 
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significantly lower DRS-2 scores (p. < 0.001) than the control and na-MCI groups, at 

baseline and 10 months. Despite the significantly lower DRS-2 score for the a-MCI group, 

all participants in this group had a DRS-2 AEMSS ~ 9 at baseline, with scores 8 or less 

being suggestive of dementia. 

A two-factor mixed factorial repeated measures ANOV A of group differences on the BNT 

at baseline and 10 months (Table 7) identified a significant group main effect (F(3, 121) = 

33.83,p. < .001, power= 1.00, n/ = .456). The time main effect (F(l, 121) = .084,p. = .854, 

power= .054, n/ =.OOO) and interaction effect (F(3,121) =1.152,p. = .331, power= .304, 

n/ = .028) were not significant. Post-hoe analysis of the group main effect revealed the 

probable AD group to have significantly lower (p < .001) BNT scores relative to the 

control, na-MCI, and a-MCI groups; and the a-MCI group to have significantly lower (p < 

.001) BNT scores relative to the control group but not the na-MCI group. 

A two-factor mixed factorial repeated measures ANOV A of group differences on the ODS 

at baseline and 10 months (Table 7) identified that the time main effect (F(l, 121) = .026, p. 

= .873, power= .053, n/ =.OOO), group main effect (F(2,104) = .617,p. = .605, power= 

.176, n/ = .015) and interaction effect (F(J,121) = 1.379,p. = .253, power= .359, n/ = .033) 

were not significant. 
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5.3.1. Memory Measures 

A repeated measures MANOV A was used to examine group differences on the RA VLT 

(Trial 5; Total Recall; Delayed Recall) measures at baseline and 10 months (Table 8). A 

significant main effects for group (Pillai's trace= .581, F(9,119) = 9.679,p. < .001, power= 

1.00, n/ = .194) was identified. The time (Pillai's trace= .013, F(3,119) = .522,p. = .668, 

power= .154, n/ = .013) and interaction effect (Pillai's trace= .044, F(9,363) = .595,p. = 

.801, power= .294, n/ = .015) were not significant. 

A repeated measures MANOVA was used to examine group differences on the PAL (6 

shape errors; 8 shape errors) measures at baseline and 10 months (Table 8). Significant 

main effects for group (Pillai's trace= .491, F(6,242) = 13.140,p. < .001, power= 1.00, n/ = 

.246) and time (Pillai's trace= .186, F(2,120) = 13.692,p. = < .001, power= .998, n/ = 

.186) were identified. The interaction effect (Pillai's trace= .048, F(6,242) = .988,p. = .432, 

power= .388, n/ = .024) was not significant. 
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Table 8 Group mean scores for the RA VLT and PAL at baseline and I 0 months. 

Time Control na-MCI a-MCI Probable AD 

Measure Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

n 25 30 58 12 

RA VL T trial 5 recall Baseline 12.28 (1.90) 11.67 (1.97) 8.95 (1.88) 6.17 (2.08) 

10 months 12.28 (1.97) 11.97 (1.96) 9.45 (2.55) 5.59 (1.73) 

RA VL T total recall Baseline 48.12 (7.09) 45.80 (8.51) 35.50 (8.12) 25.08 (4.89) 

10 months 48.68 (6.90) 46.47 (8.22) 37.38 (7.76) 23.33 (6.39) 

RA VL T delayed recall Baseline 10.36 (2.50) 9.67 (2.77) 6.64 (2.35) 2.33 (1.97) 

10 months 9.68 (2.30) 9.47 (2.67) 6.71 (2.98) 2.17 (2.04) 

PAL errors Baseline 4.54 (3.48) 5.73 (4.14) 11.38 (9.89) 31.00 (20.52) 

( 6 shapes, adjusted) 10 months 6.96 (5.50) 5.97 (5.60) 14.09 (10.28) 29.08 (18.94) 

PAL errors Baseline 14.77 (8.16) 16.10 (9.34) 31.88 (15.75) 52.67 (23.03) 

(8 shapes, adjusted) 10 months 7.81 (5.51) 9.60 (7.57) 24.26 (20.94) 48.83 (24.06) 

RA VLT =Rey Auditory Verbal Learning Test; PAL= Paired Associates Learning. 

91 



5.3.2. Verbal Memory Measures 

A two-factor mixed factorial repeated measures ANOVA examining group differences for 

RA VLT Trial 5 at baseline and 10 months (Table 8) identified a significant group main 

effect (F(J,121) = 45.282,p. < .001, power= 1.00, n/ = .529) ); but no significant time main 

effect (F(1,121) = .064,p. = .801, power= .057, n/ = .001) or interaction effect (F(3,121) 

=1.076,p. = .362, power= .285, n/ = .026). Post-hoe analysis of the group main effect 

revealed that the probable AD group displayed a significantly lower level of recall on 

RA VLT trial 5 compared to the control, na-MCI and a-MCI groups; and the a-MCI group 

displayed a significantly lower level of recall on RA VL T trial 5 compared to either the na

MCI or control groups (p. < . 05). 

A two-factor mixed factorial repeated measures ANOVA of group differences for RA VLT 

Total Recall at baseline and 10 months (Table 8) identified a significant group main effect 

(F(J,121) = 46.165,p. < .001, power= 1.00, n/ = .537); but no significant time main effect 

(F(l,121) = .221,p. = .639, power= .075, n/ = .002) or interaction effect (F(J,121) =1.002,p. 

= .395, power= .267, n/ = .024). Post-hoe analysis of the group main effect revealed that 

the probable AD group displayed a significantly lower RA VLT total recall score compared 

to the a-MCI, na-MCI and control groups; and the a-MCI group displayed a significantly 

lower RA VLT total recall score compared to either the na-MCI or control groups (p. < 

.05). 

A two-factor mixed factorial repeated measures ANOV A of group differences for RA VL T 

Delayed Recall at baseline and 10 months (Table 8) identified a significant group main 

effect (F(3,121) = 43.070,p. < .001, power= 1.00, n/ = .516); but no significant time main 
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effect (F(2,103) = .855,p. = .357, power= .151, n/ = .007) or interaction effect (F(3,121) = 

.510,p. = .676, power= .152, n/ = .012). Post-hoe analysis of the group main effect 

revealed that the probable AD group displayed a significantly lower level of recall at the 

delayed recall trial of the RA VLT compared to the a-MCI, na-MCI and control groups; and 

that the a-MCI group displayed a significantly lower level of recall compared to either the 

na-MCI or control groups (p. < .05) 

5.3.3. Visual Memory Measures 

A two-factor mixed factorial repeated measures ANOVA examining group differences for 

PAL Total errors (6 shapes, adj.) at baseline and 10 months (Table 8) identified a 

significant group main effect (F(3,121) = 26.811,p. < .001, power= 1.00, n/ = .399); but no 

significant time main effect (F(l,121) = .892,p. = .347, power= .155, n/ = .007) or 

interaction effect (F(3,121) = 1.360,p. = .258, power= .355, n/ = .258). Post-hoe analysis of 

the group main effect revealed that the probable AD group displayed a significantly higher 

number of errors on the PAL 6 shapes trial compared to the a-MCI, na-MCI and control 

groups; and the a-MCI group displayed a significantly higher number of errors on the PAL 

6 shapes trial compared to either the na-MCI or control groups (p. < .05). 

A two-factor mixed factorial repeated measures ANOV A of group differences for PAL 

Total errors (8 shapes, adj.) at baseline and 10 months (Table 8) identified significant 

group (F(l,121) = 28.644 ,p. < .001, power= 1.00, n/ = .415); and time (F(l,121) = 23.757,p. 

< .001, power= .998, n/ = .164) main effects. The interaction effect (F(3,121) = .327,p. = 
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.806, power= .112, n/ = .008) was not significant. Post-hoe analysis of the group main 

effect revealed that the probable AD group displayed a significantly higher number of 

errors on the PAL 8 shapes trial compared to the a-MCI, na-MCI and control groups; and 

the a-MCI group displayed a significantly higher number of errors on the PAL 8 shapes 

trial compared to either the na-MCI or control groups (p. < .05). Post-hoe analysis of the 

time main effect revealed that recall errors on PAL 8 shapes were significantly different 

across time points, with significantly fewer errors at 10 months compared to baseline (p. < 

.05). 

5.3.4. Attention Measures 

A repeated measures MANOVA was used to examine group diflerences on RTI Simple 

reaction time (SRTI), RTI Five-choice reaction time (CRTI), MTS Mean correct latency 

(MTS), RVP A' and RVP Mean latency at baseline and 10 months. Significant group 

(Pillai's trace= .492, F(15,357) = 4.661,p. < .001, power= 1.00, n/ = .164) and time 

(Pillai's trace= .193, Fcs,111) = 5.591,p. < .001, power= .990, n/ = .193) main effects 

were identified. The interaction effect (Pillai's trace= .176, F(l5,357) = 1.487,p. = .107, 

power= .864, n/ = .059) was not significant. 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

SRTI at baseline and 10 months (Figure 11) identified significant group (F(3, 121) = 9.381, 

p. < .001, power= .996, n/ = .189) and time (F(l,121) = 10.324,p. = .002, power= .890, n/ 

= .079) main effects. The interaction effect (Fc3,121) = 1.685, p. = .174, power= .432., n/ = 
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.040) was not significant. Post-hoe analysis of the group main effect revealed that the 

probable AD and a-MCI groups displayed significantly slower reaction times than the 

control group at 10 months (p. < . 05), with no other group differences detected. Post-hoe 

analysis of the time main effect showed that SRTI slowed significantly between baseline 

and 10 months (p. < .05). 
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Figure 11 Mean simple reaction time (msec) over time for control, a-MCI, na-MCI and 

probable AD groups (±SEM). 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

CRTI at baseline and 10 months (Figure 12) identified a significant group main effect (F(3, 
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121) = 11.372,p. < .001, power= .999, n/ = .220) and a significant time main effect (F(I,121) 

= 14.147,p. < .001, power= .971, n/ = .111). The interaction effect (F(3,121) = 2.505,p. = 

.062, power= .608, n/ = .058) was not significant. Post-hoe analysis of the group main 

effect revealed that both the probable AD and a-MCI groups displayed significantly slower 

choice reaction times than the control group at 10 months (p. < . 05), with a trend towards 

significance between the na-MCI and control groups (p = .062). Post-hoe analysis of the 

time main effect showed that CRTI slowed significantly between baseline and 10 months 

(p. < .05). 
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Figure 12 Mean choice reaction time (msec) over time for control, a-MCI, na-MCI and 
probable AD groups (±SEM). 
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A two-factor mixed factorial repeated measures ANOV A examining group differences on 

MTS at baseline and 10 months (Figure 13) identified significant group (F(3, 121) = 8.317, p. 

< .001, power= .992, n/ = .171) and time (Fo,121) = 7.624,p. < .01, power= .782, n/ = 

.059) main effects. The interaction effect (F(3,121) = 2.125 p. = .101, power= .531, n/ = 

.050) was not significant. Post-hoe analysis of the group main effect revealed that the 

probable AD group displayed a significantly slower latency to respond on MTS than the 

control, na-MCI, and a-MCI groups (p. < .05), with no other group differences detected. 

Post-hoe analysis of the time main effect revealed that MTS latency at baseline was 

significantly slower than MTS latency at 10 months (p. < . 05). 
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Figure 13 Mean MTS latency (msec) over time for control, a-MCI, na-MCI and probable 
AD groups (±SEM). 
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A two-factor mixed factorial repeated measures ANOVA examining group differences on 

RVP A' at baseline and 10 months (Figure 14) identified a significant group main effect 

(Fc3,121) = 17.304,p. < .001, power= 1.00,-n/ = .300). The time main effect (Fc1,121) = 

3.791,p. = .054, power= .489, n/ = .030) and interaction effect (F(3,121) = l.523,p. = 

.212, power= .394, n/ = .036) were not significant. Post-hoe analysis of the group main 

effect showed that the probable AD, na-MCI and a-MCI groups displayed significantly 

lower detection thresholds than the control group (p. < .001), and the probable AD group 

displayed a significantly lower detection threshold than the a-MCI group but not the na-

MCI group. 
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Figure 14 Mean RVP A' over time for control, a-MCI, na-MCI and probable AD groups 

(±SEM). 
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A two-factor mixed factorial ANOV A of group differences for RVP Mean latency at 

baseline and 10 months (Figure 15) identified a significant group effect (F(3, 121) = 5.848,p. 

< .01, power= .948, n/ = .127). The time main effect (F(i,121) = 3.342,p. = .070, power= 

.442, n/ = .040) and interaction effect (F(3,121) = .600,p. = .616, power= .172, n/ = .015) 

were not significant. Post-hoe analysis of the group main effect revealed that RVP mean 

latency was significantly slower in the probable AD, a-MCI and na-MCI groups compared 

to the control group (p. < . 05). 
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Figure 15 Mean RVP latency (msec) over time for control, a-MCI, na-MCI and probable 

AD groups (±SEM). 
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5.3.5. Executive Function Measures 

A repeated measures MANOV A was used to examine group differences on SWM 

Strategy, IED Total errors (adjusted) and IED Total trials (adjusted) at baseline and 10 

months. Significant group (Pillai's trace= .485, F(3,l1S) = 7.525,p. < .001, power= 1.00, 

n/ = .995) and time (Pillai' s trace = .084, FcJ,llS) = 3 .528, p. = .017, power = . 771, n/ = 

.064) main effects, and a significant interaction effect (Pillai's trace= .219, F(9,JSI) = 3.076, 

p. < .01, power= .975, n/ = .073) were identified. 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

SWM Strategy at baseline and 10 months (Figure 16) identified a significant group (F(J, 117) 

= 5.981,p. < .01, power= .952, n/ = .133) main effect. The time (F(l,11?) = 2.494,p. = 

.117, power= .347, n/ = .021) main effect and interaction effect (F(J,2os) = .600,p. = .663, 

power= .196, n/ = .011) were not significant. Post-hoe analysis of the group main effect 

revealed that SWM strategy scores were significantly higher in the a-MCI and na-MCI 

groups compared to the control group (p. < . 05), and approached significance between the 

probable AD group and the control group (p = .053). 
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Figure 16 Mean SWM strategy over time for control, a-MCI, na-MCI and probable AD 
groups (±SEM). 

A two-factor mixed factorial repeated measures ANOVA of group differences for IED 

Total errors (adjusted) at baseline and 10 months (Figure 17) identified a significant group 

main effect (F(3, ll7) = 20.566,p. < .001, power= 1.00, n/ = .345) and a significant 

interaction effect (F(3,117) = 3.676,p. = .014, power= .790, n/ = .086). The time main 

effect (F(l,ll?) = 3.055,p. = .083, power= .411, n/ = .025) was not significant. Post-hoe 

analysis of the group main effect revealed that IED total errors (adjusted) were 

significantly higher in the probable AD group compared to the a-MCI, na-MCI, and 
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control groups (allp. < .05). Furthermore, there was a significant increase in the number of 

errors made by the probable AD group between the baseline and 10-month assessments. 
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Figure 17 Mean IED total errors (adjusted) over time for control, a-MCI, na-MCI and 

probable AD groups (±SEM). 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

IED Total trials (adjusted) at baseline and 10 months (Figure 18) identified a significant 

group main effect (F(3, 115) = 21.858,p. < .001, power= 1.00, n/ = .359). The time main 

effect (F(l,ll?) = l.990,p. = .161, power= .288, n/ = .017) and interaction effect (F(3,117) = 

2.560,p. = .058, power= .618, n/ = .062) were not significant. Post-hoe analysis of the 
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group main effect revealed that the probable AD group required significantly more trials 

than the a-MCI, na-MCI, and control groups (allp. < .05). 
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Figure 18 Mean IED total trials (adjusted) overtime for control, a-MCI, na-MCI and 
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5.3.6. Working Memory Measures 

A repeated measures MANOV A was used to examine group differences on the two 

working memory measures (SSP Span length; SWM Total errors) at baseline and 10 

months. A significant group main effect was identified (Pillai's trace= .989, Fc2,120) = 

9.513,p. < .001, power= 1.00, n/ = .989). The main effect for time (Pillai's trace= .026, 

Fc2,120) = 1.589,p. = .208, power= .331, n/ = .026) and the interaction effect (Pillai's trace 

= .073, F(6,242) = 1.522,p. = .171, power= .584, n/ = .036) were not significant. 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

SSP at baseline and 10 months (Figure 19) identified a significant group main effect (F(3, 

121) = 20.897,p. < .001, power= 1.00, n/ = .341). The time (Fc1,121) = 1.775,p. = .185, 

power= .262, n/ = .014) main effect and interaction effect (F(3,121) = 1.278,p. = .236, 

power= .219, n/ = .012) were not significant. Post-hoe analysis of the group main effect 

revealed that the probable AD group displayed a significantly smaller SSP Span length 

than the a-MCI, na-MCI, and control groups; and the a-MCI and na-MCI groups displayed 

significantly smaller span lengths than the control group (both p. < . 05). 
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Figure 19 Mean SSP length over time for control, a-MCI, na-MCI and probable AD 

groups (±SEM). 

A two-factor mixed factorial repeated measures AN OVA of group differences for SWM 

Total errors at baseline and 10 months (Figure 20) identified a significant group effect (F(3, 

121) = 12.406,p. < .001, power= 1.00, n/ = .235). The time main effect (Fc1,121) = 1.416,p. 

= .236, power= .219, n/ = .012) and interaction effect (Fc3,121) = 1.779,p. = .155, power= 

.454, n/ = .042) were not significant. Post-hoe analysis of the group main effect revealed 

that the probable AD group made significantly more errors on the SWM task than the 

control and na-MCI groups; and the a-MCI made significantly more errors than the control 

group (p. < .05). 

105 



80 

70 

60 

40 

30 

------------------------------------------------------

~-·-··-·------·------
~ ~____::::::::~ !-------------------------- ± 

f ! 

_._Control (n = 25) 
--o-- na-MCI (n = 30) 

---<>---a-MCI (n = 58) 
---•--·AD (n = 12) 

20---------------------------------------------
Baseline 10 months 

Time of test 

Figure 20 Mean SWM total errors over time for control, a-MCI, na-MCI and probable 

AD groups (±SEM). 

The performance of each of the four groups on these measures did not decline significantly 

between the baseline and 10-month assessments; with the exception of the probable AD 

group, whose performance on the attention shifting, simple sustained attention, and divided 

attention measures declined, and the a-MCI group, whose performance on both the simple 

sustained attention and divided attention measures declined. 
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5.4. Discussion 

The baseline results (Chapter 4) established that the probable AD, a-MCI and na-MCI 

groups displayed impairments to attentional processing, working memory capacity, and 

semantic language/memory, with the distinguishing feature of both probable AD and a

MCI being additional impairments to verbal and/or visual memory. More specifically, the 

a-MCI participants displayed deficits to: language retrieval from semantic memory, 

complex sustained attention, target detection, selective attention, simple sustained 

attention, divided attention, visuospatial span, and spatial working memory. The 

performance of this group did not differ from the na-MCI group on measures oflanguage 

retrieval, complex sustained attention, target detection, divided attention, or visuospatial 

span. Further, they did not differ significantly from the probable AD group on measures of 

selective attention, simple sustained attention, divided attention, visuospatial span, or 

spatial working memory. 

The results from the 10-month assessment (Table 9) indicate that the a-MCI group 

displayed stable deficits to: visual and verbal episodic memory, language retrieval from 

semantic memory, complex sustained attention, and target detection; but no longer 

exhibited impaired selective attention. In addition, the a-MCI group displayed increased 

reaction times on tasks assessing simple sustained attention and divided attention. The na

MCI group displayed stable deficits to: target detection and complex sustained attention at 

the 10-month assessment, whereas their performance on the measures of simple sustained 

attention, divided attention and selective attention remained unimpaired across the baseline 

and 10-month assessments. The probable AD group displayed significant but stable 

deficits on all measures of visual and verbal memory, semantic language/memory, and 
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attention; with the exception of a decline in performance on the simple sustained attention 

and divided attention measures. 

Thus, a key finding of the 10-month assessment is the presence of a significant slowing in 

reaction time on the simple sustained attention (SRTI) and divided attention (CRTI) 

measures in both the probable AD and a-MCI groups. These results indicate that sustained 

attention and divided attention may deteriorate before other functions in a-MCI. The 

finding of a decline in divided attention in the a-MCI group provides additional support for 

previous research that reports early deficits to divided attention in MCI (Belleville, et al., 

2007) and mild AD (Baddeley, et al., 1986; Belleville, et al., 1996). While research 

examining sustained attention is limited, some studies suggest that sustained attention is 

impaired in the early stages of AD (Rizzio, et al., 2000). However, it has been postulated 

that the deficit to sustained attention may be a factor of task complexity, rather than a 

deficit in the capacity to sustain attention (Perry & Hodges, 1999; Posner & Petersen, 

1990). The results from the 10-month assessment contradict this hypothesis, as the deficit 

to sustained attention was observed in a task assessing simple sustained attention 

mitigating the influence of task complexity. 

An alternative explanation for the decline observed on the SRTI and CRTI tasks is that the 

speed with which participants process information has slowed over time. Salthouse (1996) 

proposes that increased age in adulthood is associated with a decrease in the speed with 

which many processing operations can be executed and that this reduction in speed leads to 

impairments in cognitive functioning. This alternative was taken into consideration in the 

present study; however, SRTI and CRTI were not the only reaction time based measures 

used in this study. Other reaction time based measures (RVP, MTS) were also employed 
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and should therefore be adversely affected were slowing of information processing speed a 

tenable explanation of the results of the SRTI and CRTI measures. On the contrary, no 

such slowing was observed on MTS or RVP; therefore it is logically untenable to entertain 

a hypothesis of slowed speed of information hypothesis when no such effect was observed 

on the MTS and RVP tasks. 

Deficits to working memory were also identified in the probable AD and MCI groups 

(Table 9); with the probable AD, a-MCI and na-MCI groups all displaying significant but 

stable deficits to visual spatial span at both assessment intervals. The probable AD and a

MCI groups also displayed a consistent and significant impairment to spatial working 

memory at both baseline and 10-month assessments, whereas the na-MCI was no longer 

impaired relative to the control group on this measure at the 10-month assessment. In 

addition, the present results indicate that impairments to the central executive component 

of working memory were evident in both MCI groups. More specifically, the a-MCI and 

na-MCI groups displayed impaired strategy use. However, at both the baseline and 10-

month assessments the performance of the MCI groups on measures of rule acquisition and 

attentional set shifting was not impaired relative to the control group. In contrast, the 

probable AD group displayed impaired strategy use and a significant decline in 

performance on the measure of rule acquisition and attentional set shifting. 

On the basis of the current conceptualisation that MCI is a precursor or prodromal phase to 

dementia, it was hypothesised that both MCI subtypes would display a decline in cognitive 

function over time. The results of the present study do not provide conclusive support for 

this hypothesis. Rather, the results indicate that at a group level both the a-MCI and na

MCI groups showed remarkable stability of impairment over a 10-month interval. Recent 

reviews (Backman, et al., 2005; Twamley, et al., 2006) ofneuropsychological studies 
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indicate that the preclinical stage of AD is characterised by subtle deficits to attention, 

learning and memory, and executive functioning. Furthermore, the review conducted by 

Twamley et al. revealed that early attention deficits are more consistently associated with 

the later development of AD than early memory deficits. At the 10-month assessment a 

decline in functioning was evident on measures of simple sustained attention and divided 

attention in the a-MCI group. All other cognitive functions remained stable in both groups 

{Table 9) 
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Table 9 Summary of impairment patterns at I 0-month assessment across cognitive domains in MCI subtypes and probable AD. 

Function Measure a-MCI na-MCI Probable AD 

Verbal Memory RA VL T Trial 5 Stable impaired Stable unimpaired Stable impaired 

RA VL T Total Recall Stable impaired Stable unimpaired Stable impaired 

RA VL T Delayed Recall Stable impaired Stable unimpaired Stable impaired 

Visual Memory PAL Total Errors (6 shapes) Stable impaired Stable unimpaired Stable impaired 

PAL Total Errors (8 shapes) Impaired - improved Stable unimpaired Stable impaired 

Semantic Language/Memory BNT Stable impaired Stable unimpaired Stable impaired 

Attention SRTI Stable unimpaired 

CRTI Stable unimpaired 

MTS Stable unimpaired Stable unimpaired Stable impaired 

RVPA' Stable impaired Stable impaired Stable impaired 

RVP Mean Latency Stable impaired Stable impaired Stable impaired 

Executive Function SWM Strategy Stable impaired Stable impaired Stable impaired 

TED Total Errors Stable unimpaired Stable unimpaired 

TED Total Trials Stable unimpaired Stable unimpaired Stable impaired 

Working Memory SSP Span Length Stable impaired Stable impaired Stable impaired 

SWM Total Errors Stable impaired Unimpaired Stable impaired 

All comparisons relative to Control group performance 
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6. 20-month Assessment: Longitudinal assessment of attention, executive, and 
working memory functions in subtypes of MCI 

The 10-month phase (Chapter 5) of the present study involved a longitudinal examination 

of memory impairments (visual and verbal), as well as impairments to attention 

processing, executive functioning, semantic memory/language and working memory 

processing in a sample of older adults with a-MCI and na-MCI. Participants were 

classified into these groups on the basis of baseline (Chapter 4) performance on objective 

measures of memory, attention, working memory, executive function, and semantic 

memory/language (Saunders & Summers, 2010). The results of the 10-month assessment 

indicated that both the a-MCI and na-MCI groups showed remarkable stability of 

impairment over a 10-month interval, with declines in function evident only on measures 

of simple sustained attention and divided attention in the a-MCI group. All other cognitive 

functions remained stable in both groups. 

In the present chapter the results of follow-up testing of these groups over a 20-month 

period are examined (Saunders & Summers, 20 I I). The aim of this investigation was to 

determine the relative stability of cognitive impairments in subtypes of MCI over time. 

Previous research has failed to adequately assess non-memory functions in MCI. The 

present study was distinct from these studies as it assessed visual memory, attention, 

executive function, working memory, and semantic language/memory with tests with 

equivalent reliability and validity to those tests used to assess verbal memory functions in 

a-MCI. Given the conceptualisation of MCI as a prodromal phase to dementia, it was 

hypothesised that both MCI subtypes would display a deterioration in cognitive 

functioning over time. Further, it was hypothesised that a-MCI would display a preferential 

decline to memory functions, that a proportion of the a-MCI group would progress to a 
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neurodegenerative disorder, such as dementia, and that na-MCI would display a 

preferential decline in non-memory functions. 

6.1. Method 

6.1.1. Participants 

Participants were assessed at 10-month (baseline, 10 months, 20 months) intervals (±1 

month). By the third assessment session, eight a-MCI participants had withdrawn from the 

study (2 deceased; 1 relocated; 5 health reasons - 3 cancer, 1 hydrocephalus, 1 depression) 

and three na-MCI had withdrawn (2 relocated interstate; 1 health reasons - CVA). Of the 

14 participants with probable AD recruited into the study, 8 were unable to be assessed at 

the 20-month retest interval due to advancing severity of their disease. Due to the resulting 

loss of data from the probable AD group at the third assessment, statistical analysis of 

longitudinal change in cognitive function in the probable AD group was not possible; 

consequently, the probable AD group was excluded from the analyses reported here. 

A total of 106 participants aged between 60 and 90 years ( 46 male and 60 female), 

comprising 3 subgroups: amnestic-MCI (a-MCI; n = 52); nonamnestic-MCI (na-MCI; n = 

29); and healthy controls (n = 25), completed all three assessments. 
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6.2. Statistical Analyses 

Statistical computations were performed using SPSS for Windows (version 17.0). 

Analyses of the hypotheses were conducted by repeated measures MANOVA to maintain 

control of experiment-wide Type I error rate across tests from similar cognitive domains. 

Significant multivariate tests were followed by two-factor (group and time) mixed factorial 

(one between-subjects variable and one within-subjects variable) repeated measures 

ANOVAs with main effects being examined by Pairwise Comparisons or Games-Howell 

post hoe analyses as appropriate. 

6.3. Results 

Demographic variables for the three groups are shown in Table 10. There were no 

statistically significant differences between the three groups on any age, education, or 

premorbid FSIQ. 
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Table 10 Group differences in age, education, and estimated premorbid FSIQ scores. 

Control na-MCI a-MCI F p. Effect size (d) Power 

Measure Mean (SD) Mean (SD) Mean (SD) 

n 25 29 52 

Age (yrs) 69.19 (5.75) 71.41 (7 .22) 70.96 (6.85) .858 .427 .127 .194 

Education (yrs) 13.50 (3.09) 13.17 (3.50) 13.04 (3.39) .165 .848 .055 .074 

WTAR (est. FSIQ) 111.62 (5.94) 110.62 (6.01) 107.85 (8.76) 2.641 .167 .239 .578 

WTAR = Wechsler Test of Adult Reading; est. FSIQ = estimated Full Scale Intelligence Quotient. 
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Group differences on the DRS-2, BNT and GDS at baseline, 10 months and 20 months are 

presented in Table 11. 

Table 11 Group mean scores for the DRS-2, BNT and GDS at baseline, 10 months and 
20 months. 

Control na-MCI a-MCI 

Measure Time Mean (SD) Mean (SD) Mean (SD) 

n 25 29 52 

DRS-2 Baseline 11.73 (1.71) 12.07 (1.67) 10.85 (2.06) 

10 months 13.19 (l.44) 13.14 (1.90) 10.88 (2.61) 

20 months 13. 77 (2.20) 13.17 (1.79) 11.42 (2.76) 

BNT Baseline 57.50 (l.70) 55.62 (2.91) 54.38 (4.19) 

10 months 57.69 (2.19) 56.07 (3.14) 54.81 (3.82) 

20 months 57.46 (2.53) 56.83 (2.78) 54.81 (4.13) 

GDS Baseline 1.58 (1.77) 1.59 (1.50) 1.46 (1.46) 

10 months 1.35 (1.50) 1.62 (1.50) 1.71 (l.73) 

20 months 0.92 (1.29) 1.17(1.37) 1.15 (1.14) 

DRS-2 (AEMSS) =Dementia Rating Scale-2 (Age and Education corrected MOANS [Mayo Older 
American Normative Studies] Scaled Scores); BNT =Boston Naming Test; GDS = Geriatric Depression 
Scale. 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

the DRS-2 at baseline, 10 months and 20 months (Table 11) identified significant main 

effects for group (Fc2, 104) = 14.120,p. < .001, power= .998, n/ = .214), ~d time (Pillai's 

trace= .213, Fc2,103) = 13.912,p. < .001, power= .998, n/ = .213), and a significant 

interaction effect (Pillai's trace= .097, Fc4,2os) = 2.657,p. < .05, power= .735, n/ = .049). 
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Simple main effects analysis revealed significant improvements in the control (improved 

between baseline and 10 months) and na-MCI (improved between baseline and 20 months) 

groups (bothp. < 0.001) but no change in the a-MCI group. Simple main effects analysis 

also revealed that the a-MCI group displayed significantly lower DRS-2 scores (p. < 0.001) 

than the control and na-MCI groups, at baseline, 10 months and 20 months. Despite the 

significantly lower DRS-2 score for the a-MCI group, all participants in this group had a 

DRS-2 AEMSS ~ 9 at baseline, with scores 8 or less being indicative of dementia. 

A two-factor mixed factorial repeated measures ANOV A of group differences on the BNT 

at baseline, 10 months and 20 months (Table 11) identified a significant group main effect 

(Fc2, 104) = 7.968,p. < .001, power= .950, n/ = .133). The time main effect (Pillai's trace= 

.040, Fc2,I03) = 2.143,p. = .122, power= .430, n/ = .040) and interaction effect (Pillai's 

trace= .041, Fc4,2os) =l.092,p. = .361, power= .341, n/ = .021) were not significant. Post

hoc analysis of the group main effect revealed the a-MCI group to have significantly lower 

(p < .001) BNT scores relative to the control group but not the na-MCI group. 

A two-factor mixed factorial repeated measures ANOVA of group differences on the GDS 

at baseline, 10 months and 20 months (Table 11) identified a significant time main effect 

(Pillai's trace= .138, Fc2, 103) = 8.271,p. < .001, power= .957, n/ = .138). The group main 

effect (Fc2,104) =165,p. = .848, power= .075, n/ = .003) and interaction effect (Pillai's 

trace= .029, Fc4,2os) =.769,p. = .547, power= .245, n/ = .015) were not significant. Post

hoc analysis of the time main effect revealed that ODS scores at 20 months were 

significantly lower than at baseline or 10 months (p. < . 05). 
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6.3.1. Verbal Memory Measures 

A repeated measures MANOV A was used to examine group differences on the RA VL T 

measures (Trial 5; Total Recall; Delayed Recall) at baseline, 10 months and 20 months 

{Table 12). A significant main effect for group (Pillai's trace= .374, Fc6,206) = 7.889,p. < 

.001, power= 1.00, n/ = .187) was identified. The time (Pillai's trace= .113, Fc6,99) = 

2.109,p. = .059, power= .733, n/ = .113) and interaction (Pillai's trace= .084, Fc12,200) = 

.729,p. = .723, power= .418, n/ = .042) effects were not significant. 
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Table 12 Group mean scores for the RA VLT and PAL at baseline, 10 months and 20 
months. 

Time Control na-MCI a-MCI 

Measure Mean (SD) Mean (SD) Mean (SD) 

n 25 29 52 

RA VL T trial 5 recall Baseline 12.23 (1.88) 11.62 (1.88) 8.94 (1.92) 

10 months 12.27 (2.27) 11.83 (1.91) 9.56 (2.57) 

20 months 12.38 (2.04) 11.90 (2.01) 10.10 (2.24) 

RA VLT total recall Baseline 48.04 (6.96) 45.31 (7.54) 35.63 (8.21) 

10 months 48.88 (6.80) 45.90 (7.73) 37.56 (7.69) 

20 months 48.73 (8.56) 46.34 (8.44) 38.85 (7.54) 

RA VLT delayed recall Baseline 10.31 (2.46) 9.52 (2.69) 6.73 (2.38) 

10 months 9.73 (2.27) 9.28 (2.58) 6.73 (2.95) 

20 months 10.31 (2.09) 9.24 (2.56) 7.08 (2.67) 

PAL errors Baseline 4.54 (3.48) 5.76 (4.05) 11.06 (9.09) 

(6 shapes, adjusted) 10 months 6.96 (5.50) 6.03 (5.67) 14.15 (10.39) 

20 months 3.81 (4.34) 3.68 (3.54) 8.96 (9.32) 

PAL errors Baseline 14.77 (8.16) 16.48 (9.39) 31.32 (15.19) 

(8 shapes, adjusted) 10 months 7.81 (5.51) 9.64 (7.68) 23.88 (20.15) 

20 months 11.08 (8.94) 16.11 (11.25) 24.77 (16.18) 

RAVLT =Rey Auditory Verbal Learning Test; PAL= Paired Associates Learning. 

A two-factor mixed factorial repeated measures ANOVA examining group differences for 

RA VLT Trial 5 at baseline, 10 months and 20 months (Table 12) identified significant 

group (F(2, 104) = 25.962,p. < .001, power= 1.00, n/ = .333) and time (Pillai's trace= .070, 

F(2,103) = 3.851,p. = .024, power= .686, n/ = .070) main effects. The interaction effect 
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(Pillai's trace= .061, F(4,208) = 1.648,p. = .164, power= .502, n/ = .031) was not 

significant. Post-hoe analysis of the group main effect revealed that the a-MCI group 

displayed a significantly lower level of recall on RA VLT trial 5 compared to either the na

MCI or control groups (p. < .05). Post-hoe analysis of the time main effect revealed that 

recall at RA VL T trial 5 was significantly higher at 20 months compared to baseline (p. < 

.05). 

A two-factor mixed factorial repeated measues ANOV A of group differences for RA VL T 

Total Recall at baseline, 10 months and 20 months (Table 12) identified a significant group 

main effect (Fc2, 104) = 29.663,p. < .001, power= 1.00, n/ = .363); but no significant time 

main effect (Pillai's trace= .054, Fc2,103) = 2.195,p. = .059, power= .558, n/ = .054) or 

interaction effect (Pillai's trace= .031, F(4,2os) =.809,p. = .521, power= .256, n/ = .015). 

Post-hoe analysis of the group main effect revealed that the a-MCI group displayed a 

significantly lower RA VLT total recall score compared to either the na-MCI or control 

groups (p. < . 05). 

A two-factor mixed factorial repeated measures ANOV A of group differences for RA VL T 

Delayed Recall at baseline, 10 months and 20 months (Table 12) identified a significant 

group main effect (Fc2, 104) = 23.270,p. < .001, power= 1.00, n/ = .309); but no significant 

time main effect (Pillai's trace= .018, Fc2,103) = .947,p. = .391, power= .210, n/ = .018) 

or interaction effect (Pillai's trace= .025, F(4,20S) = .660,p. = .621, power= .213, n/ = 

.013). Post-hoe analysis of the group main effect revealed that the a-MCI group displayed 

a significantly lower level of recall at the delayed recall trial of the RA VLT compared to 

either the na-MCI or control groups (p. < .05). 
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6.3.2. Visual Memory Measures 

A repeated measures MANOV A was used to examine group differences on PAL Total 

errors (6 Shapes, adjusted) and PAL Total errors (8 Shapes, adjusted) at baseline, 10 

months and 20 months (Table 12). Significant effects for group (Pillai's trace= .673, 

F(4,208) =8.682,p. < .001, power= .999, n/ = .143) and time (Pillai's trace= .367, F(4,10I) = 

14.634,p. < .001, power= 1.00, n/ = .367) were identified. The interaction effect was not 

significant (Pillai's trace= .098, F(s,204) = 1.308,p. = .241~ power= .592, n/ = .049). 

A two-factor mixed factorial repeated measures ANOVA examining group differences for 

PAL Total errors (6 shapes, adj.) at baseline, 10 months and 20 months (Table 12) 

identified significant group (F(2, 104) = 13.949,p. < .001, power= 1.00, n/ = .212) and time 

(Pillai's trace =.199, F(2,103) = 12.807,p. < .001, power= .996, n/ = .199) main effects. 

The interaction effect (Pillai's trace= .042, F(4,208) = 1.124,p. = .346, power= .350, n/ = 

.021) was not significant. Post-hoe analysis of the group main effect revealed that the a

MCI group displayed a significantly higher number of errors on the PAL 6 shapes trial 

compared to either the na-MCI or control groups (p. < .05). Post-hoe analysis of the time 

main effect revealed that recall at errors on PAL 6 shapes were significantly different 

across all time points, with significantly more errors at 10 months compared to baseline 

and significantly more errors at baseline compared to 20 months (p. < . 05). 

A two-factor mixed factorial repeated measures ANOV A of group differences for PAL 

Total errors (8 shapes, adj.) at baseline, 10 months and 20 months (Table 12) identified 

significant group (F(2, 104) = 19.259 ,p. < .001, power= 1.00, n/ = .270); and time (Pillai's 

trace= .246, F(2,103) = 16.783,p. < .001, power= 1.00, n/ = .246) main effects. The 
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interaction effect (Pillai's trace= .060, F(4,208) = l.606,p. = .174, power= .490, n/ = .030) 

was not significant. Post-hoe analysis of the group main effect revealed that the a-MCI 

group displayed a significantly higher number of errors on the PAL 8 shapes trial 

compared to either the na-MCI or control groups (p. < .05). Post-hoe analysis of the time 

main effect revealed that recall at errors on PAL 8 shapes were significantly different 

across all time points, with significantly more errors at baseline compared to 10 months 

and significantly more errors at 20 months compared to 10 months (p. < . 05). 

6.3.3. Attention Measures 

A repeated measures MANOVA was used to examine group differences on RTI Simple 

reaction time (SRTI), RTI Five-choice reaction time (CRTI), MTS Mean correct reaction 

time (MTS), RVP A' and RVP Mean latency at baseline, 10 months and 20 months. 

Significant group (Pillai's trace= .396, Fcro,202) = 4.989,p. < .001, power= 1.00, n/ = 

.198) and time (Pillai's trace= .427, F(Io,95) = 7.075,p. < .001, power= 1.00, n/ = .427) 

main effects, and a significant interaction effect (Pillai's trace= .297, Fc20,192) = 1.674,p. = 

.040, power= .952, n/ = .148) were identified. 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

SRTI at baseline, 10 months and 20 months (Figure 21) identified significant group (Fc2, 

104) = 14.263,p. < .001, power= 1.00, n/ = .215) and time (Pillai's trace= .080, Fc2,103) = 

4.479,p. = .014, power= .756, n/ = .080) main effects, and a significant interaction effect 

(Pillai's trace= .107, F(4,2os) = 2.942,p. = .021, power= .783, n/ = .054). Simple main 
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effects analysis revealed no group differences in simple reaction time at baseline, with both 

the a-MCI and na-MCI groups displaying significantly slower reaction times than the 

control group at 10 months and 20 months (p. < . 05). Additional simple main effects 

analysis indicated that SRTI significantly slowed between baseline and 10 months in the a-

MCI group (p. < .05); with no other group differences detected. 
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Figure 21 Mean simple reaction time (msec) over time for control, a-MCI and na-MCI 
groups (±SEM; * = significantly different to control group at p. < .05). 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

CRTI at baseline, 10 months and 20 months (Figure 22) identified a significant group main 
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effect (F(2, 104) = 15.719,p. < .001, power= 1.00, n/ = .232) and a significant interaction 

effect (Pillai's trace =.106, F(4,20S) = 2.914,p. = .022, power= .779, n/ = .053). The time 

main effect (Pillai's trace= .048, F(2,103) = 2.616,p. = .078, power= .511, n/ = .048) was 

not significant. Simple main effects analysis revealed that both the a-MCI and na-MCI 

groups displayed significantly slower choice reaction times than the control group at 

baseline, 10 months and 20 months (p. < . 05). Additional simple main effects analysis 

indicated that CRTI significantly slowed in the a-MCI group between baseline and 10 

months (p. < .05); with no other group differences detected. 
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Figure 22 Mean choice reaction time (msec) over time for control, a-MCI and na-MCI 
groups (±SEM; * = significantly different to control group at p. < .05). 
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A two-factor mixed factorial repeated measures ANOVA examining group differences on 

MTS at baseline, 10 months and 20 months (Figure 23) identified significant group (F(2, 

104) = 7.486,p. < .001, power= .937, n/ = .126) and time (Pillai's trace =.150, F(2,103) = 

9.103,p. < .001, power= .972, n/ = .150) main effects. The interaction effect (Pillai's 

trace= .030, F(4,2os) = .794 p. = .530, power= .252, n/ = .015) was not significant. Post-

hoe analysis of the group main effect revealed that the a-MCI and na-MCI groups 

displayed a significantly slower latency to respond on MTS than the control group (p. < 

.05). Post-hoe analysis of the time main effect revealed that MTS latency at baseline was 

significantly slower than MTS latency at either 10 months or 20 months (p. < . 05). 
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Figure 23 Mean MTS correct latency (msec) over time for control, a-MCI and na-MCI 
groups (±SEM; *=significantly different to control group atp. < .05). 
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A two-factor mixed factorial repeated measures ANOVA examining group differences on 

RVP A' at baseline, 10 months and 20 months (Figure 24) identified significant group 

(F(2,I04) = 19.758,p. < .001, power= 1.00, n/ = .275) and time (Pillai's trace= .171, 

F(2,I03) = 10.594,p. < .001, power= .987, n/ = .171) main effects, and a significant 

interaction effect (Pillai's trace= .105, F(4,2os) = 2.874,p. = .024, power= .772, n/ = 

.052). Simple main effects analysis also showed that the na-MCI and a-MCI groups 

displayed significantly lower detection thresholds than the control group (p. < .001) at 

baseline, 10 months and 20 months; with the target detection threshold improving in the 

na-MCI group between baseline and 20 months (p. < .001). 
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Figure 24 Mean RVP A' over time for control, a-MCI and na-MCI groups (±SEM; * = 

significantly different to control group at p. <.05). 
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A two-factor mixed factorial repeated measures ANOV A of group differences for RVP 

Mean latency at baseline, 10 months and 20 months (Figure 25) identified a significant 

group effect (Fc2, 104) = 9.144,p. < .001, power= 1.00, n/ = .150). The time main effect 

(Pillai's trace= .020, Fc2,103) = l.057,p. = .351, power= .231, n/ = .020) and interaction 

effect (Pillai's trace= .036, Fc4,2os) = .961,p. = .430, power= .301, n/ = .018) were not 

significant. Post-hoe analysis of the group main effect revealed that RVP mean latency was 

significantly slower in both the a-MCI and na-MCI groups compared to the control group 

(p. < .05). 
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Figure 25 Mean RVP mean latency over time for control, a-MCI and na-MCI groups 
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6.3.4. Executive Function Measures 

A repeated measures MANOV A was used to examine group differences on SWM 

Strategy, IED Total errors (adjusted) and IED Total trials (adjusted) at baseline, 10 months 

and 20 months. Significant group (Pillai's trace= .239, F(6,206) = 4.668,p. < .001, power= 

.988, n/ = .120) and time (Pillai's trace= .156, F(6,99) = 3.054,p. = .009, power= .896, n/ 

= .156) main effects were identified. The interaction effect was not significant (Pillai's 

trace= .121, Fo2,200) = 1.070,p. = .387, power= .610, n/ = .060). 

A two-factor mixed factorial repeated measures ANOV A examining group differences on 

SWM Strategy at baseline, 10 months and 20 months (Figure 26) identified significant 

group (F(2, 104) = 8.327,p. < .001, power= .959, n/ = .138) and time (Pillai's trace =.098, 

F(2,10J) = 5.601,p. = .005, power= .848, n/ = .098) main effects. The interaction effect 

(Pillai's trace= .023, F(4,208) = .600,p. = .663, power= .196, n/ = .011) was not 

significant. Post-hoe analysis of the group main effect revealed that SWM strategy scores 

were significantly higher in both the a-MCI and na-MCI groups compared to the control 

group (p. < .05). Post-hoe analysis of the time main effect revealed that SWM strategy 

scores were significantly higher at baseline compared to 10 months and 20 months (p. < 

.05). 
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Figure 26 Mean SWM strategy over time for control, a-MCI and na-MCI groups (±SEM; 
* = significantly different to control group at p. < .05). 

A two-factor mixed factorial repeated measures ANOVA of group differences for IED 

Total errors (adj.) at baseline, 10 months and 20 months (Figure 27) identified a significant 

group effect (F(2, 104) = 6.859,p. < .001, power= .915, n/ = .117); but no significant time 

main effect (Pillai's trace= .012, F(2,103) = .620,p. = .540, power= .151, n/ = .012) or 

interaction effect (Pillai's trace= .079, F(4,zos) = 2.126,p. = .079, power= .624, n/ = .039). 

Post-hoe analysis of the group main effect revealed that IED total errors (adjusted) were 

significantly higher in the a-MCI compared to the control group (p. < . 05), and approached 

significance between the na-MCI group and the control group (p. = .053). 
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Figure 27 Mean IED total errors (adjusted) over time for control, a-MCI and na-MCI 

groups (±SEM; *=significantly different to control group atp. < .05). 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

IED Total trials (adj.) at baseline, 10 months and 20 months (Figure 28) identified a 

significant group main effect (F(2, 104) = 7.086,p. < .001, power= .924, n/ = .120) and a 

significant interaction effect (Pillai's trace =.096, F(4,208) = 2.631,p. = .035, power= .730, 

n/ = .048). The time main effect (Pillai's trace= .013, F(4,I03) = .701,p. = .498, power= 

.166, n/ = .013) was not significant. Simple main effects analyses revealed that the a-MCI 

group required significantly more trials than the na-MCI group at baseline, and that both 

the a-MCI and na-MCI groups required significantly more trials than the control group at 

10 months and 20 months (allp. < .05). 
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Figure 28 Mean IED total trials completed (adjusted) over time for control, a-MCI and 
na-MCI groups (±SEM; * = significantly different to control group at p. < .05). 

6.3.5. Working Memory Measures 

A repeated measures MANOV A was used to examine group differences on the two 

working memory measures (SSP Span length; SWM Total errors) at baseline, 10 months 

and 20 months. A significant group main effect was identified (Pillai's trace= .272, F(4,20S) 

= 8.171,p. < .001, power= .998, n/ = .136). The main effect for time (Pillai's trace= 
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.081, F(4,I01) = 2.218,p. = .072, power= .633, n/ = .081) and the interaction effect (Pillai's 

trace= .100, F(s,204) = 1.345,p. = .223, power= .607, n/ = .050) were not significant. 

A two-factor mixed factorial repeated measures ANOVA examining group differences on 

SSP at baseline, I 0 months and 20 months (Figure 29) identified significant group (F(2, 104) 

= 16.660,p. < .001, power= 1.00, n/ = .243) and time (Pillai's trace =.065, F(2,I03) = 

3.577,p. = .031, power= .652, n/ = .065) main effects. The interaction effect (Pillai's 

trace= .029, F(4,208) = .752,p. = .558, power= .240, n/ = .014) was not significant. Post

hoc analysis of the group main effect revealed that the a-MCI and na-MCI groups 

displayed a significantly smaller SSP Span length than the control group (p. < .05). Post

hoc analysis of the time main effect revealed that SSP span length at baseline was 

significantly smaller than at I 0 months (p. < . 05). 
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Figure 29 Mean SSP spatial span over time for control, a-MCI and na-MCI groups 

(±SEM; * = significantly different to control group at p. < .05). 

A two-factor mixed factorial repeated measures ANOVA of group differences for SWM 

Total errors at baseline, 10 months and 20 months (Figure 30) identified a significant 

group effect (Fc2, 104) = 8.861,p. < .001, power= .968, n/ = .145). The time main effect 

(Pillai's trace= .028, Fc2,103) = 1.460,p. = .237, power= .306, n/ = .028) and interaction 

effect (Pillai's trace= .069, F(4,20B) = 1.866,p. = .118, power= .560, n/ = .035) were not 

significant. Post-hoe analysis of the group main effect revealed that the a-MCI and na-MCI 

groups made significantly more errors on the SWM task than the control group (p. < . 05). 
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Figure 30 Mean SWM total errors over time for control, a-MCI and na-MCI groups 

(±SEM; * = significantly different to control group at p. < .05). 

The scores of each participant were examined individually across all tests at each time 

point. This examination identified 10 (19%) participants in the a-MCI group who had 

developed a profile of clinically significant test performances at 20 months, including a 

precipitous decline in DRS-2 scores to below 9. These participants were referred for 

independent assessment by a psychogeriatrician who confirmed a diagnosis of possible (n 

= 5) or probable (n = 5) AD in all 10 participants. All of the participants who progressed to 

AD were classified as a-MCI+ at the baseline assessment. 
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6.4. Discussion 

Criteria commonly used to define MCI emphasise the presence of memory impairments as 

diagnostic. However, such criteria either exclude or underestimate the importance of 

examining non-memory cognitive functions that are compromised in the early stages of 

dementia. Recent research demonstrates the importance of identifying non-memory 

cognitive impairments and indicates that such deficits are potentially symptomatic in MCI 

subtypes (Saunders & Summers, 2010, 2011) The present study represents one of the first 

attempts to longitudinally assess non-memory cognitive domains as well as verbal and 

visual memory in individuals classified with nonamnestic- and amnestic-MCI (Petersen & 

Morris, 2005; Winblad, et al., 2004). 

On the basis of the current conceptualisation that MCI is a precursor or prodromal phase to 

dementia, it was hypothesised that both MCI subtypes would display a decline in cognitive 

function over time. The results of the present study do not provide conclusive support for 

this hypothesis. Rather, the results indicate that at a group level both the a-MCI and na

MCI groups in our study show remarkable stability of impairment over 20 months. A 

decline in function was evident on a measure of simple reaction time in both a-MCI and 

na-MCI groups and on choice reaction time in the a-MCI group. All other cognitive 

functions remained stable in both groups (Table 13). 
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Table 13 Summary of impairment patterns across cognitive domains in MCI subtypes. 

Function Measure a-MCI na-MCI 

Verbal Memory RA VL T Trial 5 Stable impaired Stable unimpaired 

RA VL T Total Recall Stable impaired Stable unimpaired 

RA VLT Delayed Recall Stable impaired Stable unimpaired 

Visual Memory PAL Total Errors ( 6 shapes) Stable impaired Stable unimpaired 

PAL Total Errors (8 shapes) Stable impaired Stable unimpaired 

Language BNT Stable impaired Stable unimpaired 

Attention Simple Reaction Time Declining impaired Declining impaired 

Choice Reaction Time Declining impaired Stable impaired 

MTS Stable impaired Stable impaired 

RVPA' Stable impaired Improving impaired 

RVP Mean Latency Stable impaired Stable impaired 

Executive Function SWM Strategy Stable impaired Stable impaired 

IED Total Errors Stable impaired Stable impaired 

IED Total Trials Stable impaired Declining impaired 

Working Memory SSP Span Length Stable impaired Stable impaired 

SWM Total Errors Stable impaired Stable impaired 

All comparisons relative to Control group performance 

As expected, the a-MCI group displayed significant and consistent impairments on all 

measures of visual and verbal memory when compared to both the control and na-MCI 

groups. The a-MCI groups' ability to retrieve information from semantic memory was 

also significantly impaired relative to the control group. Interestingly, there was no 
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significant difference between the na-MCI and control groups, or between the na-MCI and 

a-MCI groups. These results suggest that semantic memory performance in a-MCI is 

impaired, with the na-MCI group displaying a level of semantic memory performance 

equivalent to that displayed by the age-equivalent control group. 

The results from the present study indicate that both the na-MCI group and the a-MCI 

group displayed consistent and significant impairments to all measures of attention. 

Specifically, both groups displayed significantly lower performances than the control 

group at baseline, 10 month and 20 month assessments on measures of divided attention, 

target detection, selective attention, and sustained (complex and simple) attention. A key 

finding is the significant decline in reaction time on tasks of simple sustained attention 

(SRTI) in both the a-MCI and na-MCI groups, as well as a significant decline in reaction 

time on a task of divided attention (CRTI) in the a-MCI group. These results suggest that 

sustained attention and divided attention may deteriorate before other functions in MCI. It 

remains to be seen whether this decline in sustained and divided attention is predictive of 

transition to dementia from MCI. 

Deficits to working memory were also identified in the MCI groups, with both the a-MCI 

and na-MCI groups displaying consistent impairments to spatial working memory and 

visual spatial span at all assessment intervals. In addition, the present results indicate that 

impairments to the central executive component of working memory were evident in both 

MCI groups. More specifically, the a-MCI and na-MCI groups displayed impaired rule 

acquisition, attentional set shifting, and difficulties with strategy use. 
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The results of the present study indicate that both a-MCI and na-MCI are associated with a 

pattern of specific and relatively stable deficits to attention, working memory and 

executive functioning. This finding is consistent with those of previous studies: 

impairments to domains other than memory may be detected in the majority of a-MCI 

(Espinosa, et al., 2009; Nordlund et al., 2005; Saunders & Summers, 2010, 2011). 

Identifying accompanying non-memory cognitive impairment is important in light of 

recent evidence indicating a higher risk of conversion to AD in individuals with a-MCI 

who show additional areas of cognitive impairment (Lonie, et al., 2008; Tabert, et al., 

2006). In addition, a second group of individuals with a very similar profile of non

memory impairments has been identified. These findings, in combination with other 

studies strongly suggest that diagnosis of MCI requires the use of a sensitive pattern of 

neuropsychological measures of multiple non-memory cognitive domains, rather than 

focusing on extensive assessment of memory and learning capacity (Beversdorf et al., 

2007; Traykov et al., 2007). 

In conclusion, the key difference between the a-MCI and na-MCI groups identified in the 

present study is the presence of deficits to learning and recall of novel visual and verbal 

information in a-MCI. Both MCI groups display similar and stable impairments to 

attention, executive functioning and working memory processing. However, both a-MCI 

and na-MCI groups displayed increasing impairment to simple sustained attention over 

time, with the a-MCI group also displaying increasing impairment of divided attention 

over time. The major challenge in memory clinics is to predict development as well as 

non-development of dementia among patients with subjective and/or objective memory 

complaints. At present there are no clear recommendations of specific test that can predict 

progression, stability, or reversion to normal cognitive functioning among this 
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heterogeneous group of patients. Thus, there is a need for valid and clinically easy-to-use 

methods to differentiate patients who are at high risk of cognitive decline from those who 

will not progress. The following chapter will examine which cognitive measures in 

addition to memory are most predictive of progression to dementia. 
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Chapter 7 
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7. 20-month Outcomes Groups: Instability of MCI Baseline Classifications 

Evidence for the utility of the revised MCI classifications as predictors of impending 

dementia in older adults is somewhat limited. Although individuals with MCI display 

elevated rates of conversion to dementia at the group level, heterogeneity of outcome is 

common at the individual level: some develop dementia; some remain stable for long 

periods (plateau); some revert to unimpaired status; and, others no longer exhibit the 

specific cognitive deficits that characterised their performance at baseline (Busse, et al., 

2006; Gauthier et al., 2006; Jak, Urban, et al., 2009; Loewenstein, Acevedo, Agron, & 

Duara, 2007; J. Mitchell, Arnold, Dawson, Nestor, & Hodges, 2009; Tuokko & McDowell, 

2006). Consequently, some researchers assert that MCI is a diagnostic nonentity that fails 

to predict risk of development of dementia; instead maintaining that it is a temporally 

unstable construct within an individual (Gauthier & Touchon, 2005; Ritchie, et al., 2001). 

Studies examining the trajectories of MCI subtypes have reported variable progression 

rates to AD. However, a meta-analysis of these studies (A. J. Mitchell & Shiri-Feshki, 

2009) determined the following corrected annual conversion rates to AD: 11.7% for a-MCI 

(nine studies; sample size= 646), 12.2% for a-MCI+ (eight studies; samples size= 446), 

and 4.1 % for na-MCI (five studies; sample size = 354). Busse et al. (2003) report that none 

of these sub-classifications have significant relative predictive power for dementia. 

Furthermore, recent research suggests that a-MCI is a rare and unstable classification 

(Alladi, et al., 2006; Nordlund, et al., 2005; Saunders & Summers, 2010), while the clinical 

course for na-MCI has yet to be defined. Additionally, while all MCI subtypes show a 

higher probability of eventually being diagnosed with AD, it has been suggested that 

subtypes of MCI are not useful in defining early stages of various types of dementia 

(Fischer, et al., 2007). 
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Collectively, recent research points to certain cognitive domains as being particularly 

vulnerable at a group level in a-MCI+ and na-MCI. When neuropsychological test results 

are analysed at a group level, both subtypes are associated with a pattern of specific and 

relatively stable deficits to attention, working memory and executive functioning 

(Saunders & Summers, 2011). In contrast, single-domain a-MCI appears to be a rare and 

unstable classification (Alladi, et al., 2006; J. Mitchell, et al., 2009; Saunders & Summers, 

2010, 2011). However, individuals with MCI and AD can display diversity in the pattern 

of deficits and rate of change in cognitive functioning over time (Storey, Kinsella, & 

Slavin, 2001). Thus, a major methodological issue evident in studies examining MCI 

progression arises from the classification of individuals at baseline testing without 

assessing the stability of this classification over time. Consequently, MCI sub-groups that 

are classified at baseline may no longer be comprised of individuals meeting the same 

criteria for which they were included. Therefore, there is a need to identify the 

characteristics of patients with MCI that predict stability of deficits, reversion to normal 

cognitive functioning and progression to AD, or another form of dementia. 

The first objective of this follow-up analysis was to examine the diagnostic outcomes at 20 

months of a group of 106 participants who had been classified at baseline testing into MCI 

sub-groups according to current MCI criteria (Petersen & Morris, 2005). Based on recent 

research it was hypothesised that: 

(1) the a-MCI+ group would have the highest rate of short-term progression to a 

neurodegenerative disorder, such as dementia, and that very few participants would 

revert to normal cognitive functioning; 
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(2) a-MCI participants would show the greatest instability in classification across time 

and a high rate of reversion to normal cognitive functioning; and, 

(3) that na-MCI participants would show stability of classification across time and a 

lower rate of progression to a neurodegenerative disorder, such as dementia, than 

that of participants classified at baseline as a-MCI+. 

The second objective was to investigate whether baseline scores on any of the 

neuropsychological tests (assessing visual & verbal memory, attention, executive 

functioning, semantic language and working memory) employed in this study differentiate 

between participants who progressed to dementia, stable MCI, reversion to normal 

cognitive functioning, and the control group. An exploratory analysis will be conducted to 

determine the combination of baseline cognitive functions that best predict outcome at 20 

months. 
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7.1. Method 

7.1.1. Participants 

MCI participants were classified at baseline testing according to the following criteria: 

a-MCI: 

(1) informant-corroborated subjective complaint of declining memory functioning; 

and, 

(2) objective memory impairment (defined as a test score on the RA VLT and/or PAL 

<lOth percentile below age norms); and, 

(3) no objective attention, working memory or semantic language impairment. 

a-MCI+: 

(1) informant-corroborated subjective complaint of declining memory functioning; 

and, 

(2) objective memory impairment (defined as a test score on the RA VLT and/or PAL 

<lOth percentile below age norms); and, 

(3) objective attention, working memory or semantic language impairment (defined as 

a test score <lOth percentile below age norms). 

na-MCI: 

(1) informant-corroborated subjective complaint of declining cognitive functioning; 

and, 

(2) no objective memory impairment; and, 
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(3) objective attention, working memory or semantic language impairment (defined as 

a test score <IOth percentile below age norms). 

A total of 106 participants aged between 60 and 90 years ( 46 male and 60 female) 

completed all three assessments. 

7.2. Results 

The clinical and neuropsychological test results for each participant at the 20-month 

assessment were examined and participants were classified individually according to 

current MCI criteria as a-MCI, a-MCI+, na-MCI, or cognitively normal by an experienced 

neuropsychologist (MS) who was blind to each participant's baseline classification. 

Participants who displayed a decrease in DRS-2 score resulting in a DRS-2 AEMSS score 

of~ 8 in conjunction with a clinically significant decline in one or more of the cognitive 

functions assessed were referred to an independent psychogeriatrician for assessment. 

Participants were deemed to have progressed to probable AD if they were subsequently 

diagnosed by the psychogeriatrician as 'possible' or 'probable' AD. 'Improved' 

participants were those who on re-testing scored above the IOth percentile on all objective 

tests of cognitive functioning and attained a DRS-2 AEMSS score~ 9. 'Stable MCI' refers 

to those participants who received the same MCI classification at both the baseline and 20-

month assessments. 'Unstable MCI' encapsulates participants who still met criteria for 

MCI but who changed MCI subtype between the baseline and the 20-month assessments. 

'Progressed' describes those participants who were classified at baseline as a-MCI or na

MCI but were reclassified as a-MCI+ following the 20-month assessment. 
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Overall, of the 81 participants at 20 months that were classified as MCI at baseline: 10 

(12%) were subsequently diagnosed with possible (n=5) or probable (n=5) AD following 

the 20-month assessment (converted); 20 (25%) had normal cognitive functioning at the 

20-month assessment (improved); 33 ( 41 % ) retained their baseline classification (stable); 

12 (15%) changed MCI classification between baseline and the 20-month assessment 

(unstable); and the remaining six (7%) MCI participants developed additional cognitive 

impairments and were reclassified as a-MCI+ (deteriorated). All 25 controls remained 

cognitively healthy. 

Baseline 

20 
month 

Outcome 

48 
a-MCI+ 

n 
40 

a-MCI+ 

AD - 10 
Stable - 15 
lmpro\'ed - 5 
Unstable - 10 

12 
a-MCI 

n 
12 

a-MCI 

AD - 0 
Progressed - 3 
Stable - 2 
Improved - 5 
Unstable - 2 

Figure 31 Participant outcomes at 20-month assessment. 

32 
na-MCI 

n 
29 

na-MCI 

AD - 0 
Progressed - 3 
Stable - 16 
lmpro\'ed - to 
Unstable - 0 
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As displayed in Figure 31the10 (25%) participants who progressed to probable AD were 

classified at baseline as a-MCI+. Given the period of follow-up (20 months), this equates 

to a 15% annual conversion rate from a-MCI+. Of the remaining 30 a-MCI+ participants, 5 

(12%) displayed normal cognitive functioning at the 20-month assessment (improved), 15 

(38%) maintained their a-MCI+ classification (stable), and the remaining 10 (25%) 

demonstrated classification instability over time (unstable), receiving a classification of na

MCI at the 20-month assessment. None of the 29 na-MCI participants progressed to 

dementia; however, 3 (10%) developed amnestic impairments in addition to existing non

memory cognitive impairment, and were reclassified as a-MCI+ (progressed). Sixteen 

(55%) na-MCI participants retained their baseline classification (stable) and 10 (35%) 

exhibited normal cognitive functioning at follow-up (improved). None of the na-MCI 

group were reclassified as a-MCI (unstable). Of the 12 a-MCI participants, none 

progressed to dementia; however, 3 (24%) developed impairments in one or more non

memory cognitive domains, in addition to their memory impairment(s), and were 

reclassified as a-MCI+ (progressed). Of the remaining 9 a-MCI participants, 2 (17%) 

maintained their baseline classification (stable), 5 (42%) displayed normal cognitive 

profiles (improved), and 2 (17%) were reclassified as na-MCI (unstable). 

These results indicate that 40% (25% improved; 15% unstable) of participants classified at 

baseline with a specific sub-type of MCI did not meet the criteria for the same 

classification 20-months later. Clearly, there is a need for better prediction of persons at 

risk of developing dementia within MCI. Furthermore, if accurate conversion rates for 

each MCI subtype are to be established, these results indicate that classification of MCI 

cannot reliably be made on a single occasion. It is imperative that repeat assessments are 

utilised to ensure that stable MCI is evident in the individual. Such an approach will reduce 
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the inherent heterogeneity of MCI samples in which an undetermined proportion display 

unstable MCI. An alternative to retesting participants to ensure that MCI studies have 

recruited stable MCI participants is to establish whether a group of neuropsychological 

tests (predictors) can predict classification at a 20-month assessment from participants' 

baseline scores. That is, using existing longitudinal data to identify the pattern of 

psychometric impairments evident in those who later develop dementia, as opposed to the 

pattern evident in those who initially appear to have a cognitive impairment but later 

recover, may result in the development of accurate diagnostic criteria for MCI. 

Statistical computations were performed using SPSS for Windows (version 17.0). The 

neuropsychological data presented here were obtained at Baseline, with participants 

individually classified into groups according to their status at the third assessment phase 

(20-months). A series of statistical computations were conducted to identify those 

variables at baseline that predict progression to probable AD (progressed), stable mild 

cognitive impairment (MCI), reversion to normal cognitive functioning (improved), and 

stable normal cognitive functioning (control) at 20 month follow-up. Baseline 

neuropsychological scores from similar cognitive domains were entered into multivariate 

analysis of variances (MANOVAs) to maintain control of experiment-wide Type I error 

rate. Those tests that discriminated between more than one pair of outcome groups were 

selected for use in a Discriminant Function Analysis. 

As the neuropsychological tests used in the present study are susceptible to variations 

between groups due to discrepancies in age, gender, premorbid IQ, and dementia severity 

(Strauss, et al., 2006) examination of potential sampling biases was undertaken. Baseline 

demographic test results for the outcome groups (control, improved, MCI, progressed) are 
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shown in Table 14. Group means for the demographic variables were compared using one-

way ANOVAs, with no statistically significant intergroup differences identified for any of 

these variables. However, a one-way ANOV A identified significant group differences in 

DRS-2 (F(3) = 9.191,p. < .001, power= .982, d= .458) mean scores (Table 14) forthe four 

outcome groups at the 20-month assessment. Games-Howell post-hoe analyses were 

conducted to examine group differences on this measure; with the progressed group being 

significantly more impaired than the control group. A 2x4 chi square identified no 

significant differences in gender ratio between the four groups (X2<3r3.166, p = .367). 

Table 14 Outcome group mean scores for Age, Education, FSIQ, DRS-2, and GDS at 

baseline and DRS-2 at 20-months. 

Control Improved MCI Progressed 

Measure Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

n 25 20 51 10 

Age 69.19 (5.75) 70.00 (5.87) 71.04 (7.14) 73.80 (7.87) 

Education 13.50 (3.09) 13.70 (4.12) 12.55 (2.99) 14.60 (3.53) 

FSIQ(WTAR) 111.62 (5.94) 108.45 (7.33) 107.65 (7.74) 115.70 (7.53) 

DRS-2 (Baseline) 11.73 (1.71) 11.35 (1.73) 11.43 (2.00) 10.40 (2.503) 

DRS-2 (20-month) 13.77 (2.20) 12.40 (1.96) 12.47 (2.08) 9.20 (4.13) 

GDS 1.58 (1.77) 1.15 (0.98) 1.61 (1.61) 1.70 (1.49) 

An assumption of discriminant function analysis (DF A) is that group sizes of the 

dependent variable are not grossly different (Hair, Anderson, Tatham, & Black, 1998); as 

recommended by Hair et al. (1998) a random sampling procedure was employed to reduce 

the size of the MCI group to 25 participants. 
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A direct DF A was performed using baseline scores on measures of visual and verbal 

memory, target detection, working memory, divided attention, selective attention, and 

semantic memory/language as predictors of membership in four outcome groups 

(Progressed, MCI, Recovered, Control). Predictors were PAL (total trials and errors at 6 

shapes), RA VLT (total, recall, and trial 5), RVP A, SSP, SWM (total errors), CRTI, BNT 

and MTS. Participant's baseline scores on these measures were entered into a multiple 

DFA, which revealed three discriminant functions (DF) with a combined A= .122, X,
2
(33,N= 

80) = 150.44,p < .001. After removal of the first function, there was still a strong 

association between groups and predictors (A= .566, x2c2o, N= 80) = 40.65, p = .004). After 

removal of the first two functions, the third DF did not reach significance (A= .887, X,
2
(9,N 

= 80) = 8.55, p = .48). The two significant discriminant functions accounted for 84% and 

13.l %, respectively, of the between-group variability. 

Univariate analysis of variance (ANOVA) revealed that the 20-month outcome groups 

differed significantly on DFl (F(3, 76) = 92.30,p < .001), and DF2 (F(3, 76) = 14.36,p < 

.001). As shown in Figure 32, the first DF maximally discriminates between all four 

outcome groups: those who progressed to probable AD (M = 3.289); individuals with a 

classification of MCI at both the baseline and 20-month assessments (M = 1.232); those 

who were classified as MCI at baseline but had a normal cognitive profile at the 20-month 

assessment (M = -.354); and the control group (M = -2.265). 
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Figure 32 Box plot illustrating the group centroids and distribution of discriminant scores 
for the four groups for DF 1. 

As displayed in Figure 33, DF 2 maximally discriminates between the progressed group 

(M= -1.391) and the Control (M= -.535), Recovered (M= .572), and MCI (M= .634) 

groups and between the Control group and the Recovered, MCI, and Progressed groups. 

However, it does not discriminate between the Recovered and MCI outcome groups. 
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Figure 33 Box plot illustrating the group centroids and distribution of discriminant scores 
for the four groups for DF 2. 
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The structure, or loading, coefficients for the three discriminant functions are displayed in 

Table 15. 

Table 15 Loading matrix of correlations between predictors and discriminant functions 

Variable Loading 

DF 1 DF2 DF3 

RVPA' -.477* -.060 .251 

PAL total errors .346* -.238 -.282 

SSP -.334* -.225 -.054 

RAVLTtotal -.303* -.019 .167 

PAL6 errors .259* -.126 -.067 

SWM total errors .217 .393* -.091 

CRTI .136 .368* -.197 

BNT -.105 -.336 .580* 

RA VLT recall -.259 .040 .413* 

RA VL T trial 5 -.286 -.097 .379* 

MTS correct latency .208 .311 .348* 

* Largest absolute correlation between each vanable and any DF 

Table 15 shows that high positive scores on DF 1 are associated with lower RVP A' (target 

detection) values, higher PAL total errors (visual memory), higher errors (adjusted) on the 

PAL 6 stages trial (visual memory), reduced SSP span length (working memory) and lower 

total number of words recalled on the RA VLT (verbal memory). As can be seen in Figure 

32, the progressed group has the highest positive score on DF 1, whereas the control group 

is in direct contrast with the highest negative score. The recovered group also has a 

negative score and is intermediate between the control and MCI groups, while the MCI 
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group has a positive score and is intermediate between the Progressed and Recovered 

groups. High positive scores on DF2 are associated with increased total errors on SWM 

(working memory); increased reaction time on the CRTI task (divided attention); and 

lower BNT scores (semantic memory/language). As shown in Figure 33, the progressed 

group has the highest positive score on DF2, while the Control group has the highest 

negative score. The Recovered and MCI groups are intermediate to the Progressed and 

Control groups; however, the DF does not discriminate between these two gtoups. The 

standardised discriminant function coefficients for the two significant discriminant 

functions are displayed in Table 16. 

Table 16 Standardised discriminant function coefficients for the predictors and 
discriminant functions 

Variable Loading 

DF 1 DF 2 

RVPA' -.996 

PAL total errors .725 

SSP -.431 

RAVLTtotal -.838 

SWM total errors .677 

CRTI .455 

BNT -.530 

The loading matrix of correlations between predictors and discriminant functions (Table 

15) and the weights between predictors and discriminant functions (Table 16) suggest that 

the best predictors for distinguishing between the four outcome groups are RVP A', PAL 

total errors, SSP, and RA VLT total (DF 1). Specifically, individuals who progressed to 
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probable AD after 20-months detected fewer targets (RVP A'), made more errors on the 

visual memory (PAL) task, had a shorter visual span (SSP), and recalled fewer words on 

the verbal memory (RA VL T total) task at baseline than those classified at the 20-month 

assessment as MCI, Recovered, or Control. In contrast, the Control group detected more 

targets (RVP A'), made fewer errors on the visual memory (PAL) task, had a longer visual 

span (SSP), and recalled more words on the verbal memory (RA VLT total) task at baseline 

than the Progressed, MCI, and Recovered groups. The MCI group was intermediate 

between the Progressed and Recovered groups on these measures, and the Recovered 

group was intermediate between the Control and MCI groups. 

The loadings (Table 15) and weights (Table 16) indicate that the following DF2 predictors 

also contribute to the discrimination between groups: baseline performance on the SWM, 

CRTI, and BNT. Specifically, the progressed group made more errors on the task assessing 

the short-term retention and manipulation of spatial information in working memory 

(SWM); displayed a slower reaction time on the divided attention task (CRTI); and lower 

scores on the task assessing semantic memory/language (BNT) than the Control, 

Recovered, and MCI groups. In contrast, the Control group made fewer errors on the 

working memory (SWM) task; displayed a faster reaction time on the divided attention 

task (CRTI); and had higher scores on the semantic memory/language (BNT) task than the 

Recovered, MCI, and Progressed groups. The Recovered and MCI groups are intermediate 

between the Control and MCI groups; however, DF 2 does not discriminate between the 

Recovered and MCI outcome groups. 

The mean scores for the 20-month outcome groups on the discriminant functions, as well 

as the baseline group means for each of the neuropsychological variables are displayed in 

Table 17. To ensure that participants removed via the random sampling procedure did not 
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differ from those in the random sample (n = 80), univariate ANOVAs were also conducted 

on each of the measures reported in Table 17 for the entire sample (n = 106), with the same 

significant differences being detected. 
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Table 17 Mean scores for the discriminant functions and neuropsychological variables (baseline) for the outcome groups 

Outcome group at 20-month assessment 

Variable Progressed MCI Recovered Control Post hoe differences 

n= 10 n=25 n=20 n=25 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Discriminant Function l 3.29 1.23 -.354 -2.265 Prog < MCI < Ree < Cont 

Discriminant Function 2 -1.39 .634 .572 -.535 Prog < MCI, Ree < Cont 

RA VL T trial 5 8.80 (1.75) 10.08 (2.47) 10.35 (2.25) 12.32 (1.87) Prog, MCI, Ree, < Cont 

RAVLTtotal 33.4 (5.46) 39.3 (JO.OJ) 42.2 (10.27) 48.4 (6.79) Prog, MCI, Ree < Cont; Prog < Ree 

RA VL T recall 6.00 (2.54) 8.28 (3.08) 8.40 (2.66) 10.40 (2.47) Prog < MCI, Ree < Cont 

PAL6 errors 14.30 (10.86) 9.08 (7.48) 6.90 (4.42) 4.36 (3.43) Prog > MCI, Ree > Cont 

PAL total errors 56.4 (20.84) 34.2 (21.77) 29.5 (13.28) 19.7 (9.54) Prog, MCI > Cont; Prog > MCI, Ree 

BNT 55.90 {2.13) 55.40 (4.50) 54.35 (3.18) 57.48 (1. 73) MCI, Ree < Cont 

CRTI 553.88 (53.20) 419.57 (44.67) 359.85 (76.06) 336.80 (42. 79) MCI, Ree < Cont 

MTS correct latency 3694.05 (1090. 77) 4209.59 (1777.45) 3333.10 (1414.79) 2661.63 (665.24) Prog, MCI > Cont; MCI > Ree 

RVPA .820 (051) .864 (.044) .888 (.046) .939 (.041) Prog, MCI, Ree< Cont; Prog <MCI, Ree 

SSP 4.70 (.82) 4.84 (.688) 5.25 (.550) 5.84 (.746) Prog, MCI, Ree < Cont; Prog < MCI 

SWM total errors 54.50 (9.18) 46.28 (18. 46) 40. l 5 (12.22) 28.76 (12.95) Prog, MCI, Ree > Cont 
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Overall 83.8% of participants were correctly classified into their outcome group, far 

exceeding the value for classification based on chance (17 .5% ). As shown in Table 18, the 

relationship between the tests and the group outcome indicated that 88% of the control 

group (12% classified as recovered); 65% of the improved group (15% classified as 

control; 20% classified as MCI); 88% of the stable MCI group (8% classified as recovered; 

4% classified as progressed); and 100% of those who progressed to probable AD were 

placed in the correct group. 

Table 18 Classification at 20-month assessment predicted from baseline 

neuropsychological scores. 

Predicted Group Membership (from baseline scores) 

Control 

20 Month Classification n (%) 

Control (n = 25) 

Improved (n = 20) 3 (15) 

MCI (n =25) 0 (0) 

Improved 

n (%) n 

3 (12) 0 

4 

2 (8) 

MCI 

(%) 

(0) 

(20) 

AD 

n 

0 

0 

1 

(%) 

(0) 

(0) 

(4) 

AD (n = 10) 0 (0) 0 (0) 0 (0) !<:19,(:+;:;t,(ii; ,\! 
?,>/~ ,', ::~~~\~~},~::~~f\~::~ 

Control = cognitively normal; Improved = no cognitive impairment at follow-up assessment; MCI = 
one or more memory or non-memory cognitive domains impaired; AD= probable Alzheimer's disease 
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7.3. Discussion 

In addition to longitudinally examining the performance of each group (classified at 

baseline according to current MCI criteria) at 10-month intervals, the present study 

involves the examination of individual classifications over time. Three reasons motivated 

the analysis of individual performance. First, AD is characterised by a large degree of 

cognitive heterogeneity, particularly in its early phase (Martin, 1990). Thus, an 

examination of average group performances may not accurately reflect the performance of 

the majority of individuals. Second, recent research has established that MCI is a 

heterogeneous condition. Consequently, a group of individuals who are classified at 

baseline with MCI may progress to different forms of dementia or progress to the same 

outcome but at different speeds due to a range of other factors (e.g., gender, education 

level, cognitive reserve, physical health, physical fitness). Alternatively, MCI groups may 

comprise individuals who are at various stages (or time points) prior to fulfilling the 

criteria for dementia (i.e., inter-individual heterogeneity). Finally, concerns have been 

raised regarding the instability of MCI classifications over time, with a large minority 

(40% in the present study) of individuals classified at baseline reverting to normal 

cognitive functioning or changing MCI classification at follow-up (i.e., intra-individual 

heterogeneity). This instability of cognitive impairment within an individual over time is 

likely to be more acute in an MCI population than in an AD population, as individuals with 

MCI may encompass a group of persons who will evolve toward different forms of 

dementia and/or who may be at very different time points prior to fulfilling the criteria for 

dementia. Thus, this is a population that is potentially highly heterogeneous at the 

cognitive level. 
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It is generally accepted that individuals classified with Mild Cognitive Impairment (MCI) 

show elevated rates of conversion to AD at the group level (10-15% ), when compared to 

the general population (1-2%). However, concerns have been raised regarding the stability 

of MCI at the individual level, with a substantial proportion of MCI cases not exhibiting 

the specific cognitive deficits that characterise their baseline cognitive presentation upon 

longitudinal follow-up and some reverting to a normal level of cognitive functioning 

(Busse, et al., 2006; Gauthier, et al., 2006; Jak, Bondi, et al., 2009; Loewenstein, Acevedo, 

Agron, & Duara, 2007; J. Mitchell, et al., 2009; Tuokko & McDowell, 2006). At the 20-

month follow-up assessment 12.3% of MCI participants in the present study had developed 

possible or probable AD (converted); 25% evidenced neuropsychological performance 

within the non-impaired range (improved); 41 % had a neuropsychological profile 

consistent with their baseline classification (stable); 15% met criteria for an alternative 

MCI sub-classification (unstable); and the remaining 7% of MCI participants progressed 

from a-MCI or na-MCI to an a-MCI+ profile (deteriorated). All 25 controls displayed 

normal neuropsychological performance upon follow-up. The 20 month conversion rate of 

20.83% (12.5% annually) from a-MCI+ to probable AD and 12.3% across all forms of 

MCI to probable AD obtained in our study falls within the range of results published by 

Mitchell and Shiri-Feshki (2009) in their meta-analysis of MCI studies. 

The 10 participants who progressed to probable AD were classified 20 months earlier as 

multiple domain amnestic MCI (a-MCI+). None of the 29 na-MCI participants progressed 

to dementia; however, 10% developed amnestic impairments, in addition to their non

memory cognitive impairment, and were reclassified as a-MCI+ (deteriorated). Of the 12 

a-MCI participants, none progressed to dementia; however, 24% developed impairments in 

one or more non-memory cognitive domains, in addition to their memory impairment(s), 
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and were reclassified as a-MCI+ (deteriorated). These findings provide additional support 

for the notion of a multiple cognitive system breakdown prior to a diagnosis of AD 

(Backman, et al., 2004). For example, Bozoki e al. (2001) and Palmer, Backman, Winblad 

and Fratiglioni (2003) established that conversion rates to AD over 3 years are 

considerably greater for persons with deficits in episodic memory and some other 

cognitive domain at baseline than for those who have isolated memory impairments. 

However, the present results suggest that the first cognitive impairment identified is not 

necessarily to episodic memory, with 10% of the na-MCI participants developing an 

impairment to episodic memory functioning 20-months after an impairment(s) to working 

memory, attention, or executive functioning was identified. As such, multiple cognitive 

deficits prior to the diagnosis of AD may be a more typical presentation of preclinical AD. 

This raises the intriguing possibility that individuals with multiple-domain a-MCI 

constitute a group at high risk for conversion to AD, whereas individuals with pure a-MCI 

may not be at such a high risk. However, with longitudinal follow-up those with a baseline 

classification of pure a-MCI or na-MCI may develop multiple cognitive domain deficits 

and eventually convert to AD. These findings also suggest that testing for deficits in 

multiple cognitive domains in addition to those in memory will improve the predictive 

value of neuropsychological testing in MCI. 

Individuals who revert from MCI to normal cognitive status are of particular interest. In 

the present study 25% of participants classified at baseline with MCI no longer showed 

evidence of cognitive impairment 20 months later. Identifying the reason(s) for this 

improvement in cognitive functioning will be an important issue for future studies of MCI. 

One explanation is that this change in cognitive functioning indicates that normal cognitive 

variability can be misinterpreted as impairment or decline and lead to unreliability in the 
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MCI classification. However, another hypothesis is that the recovered group represent a 

unique risk group for future decline, but do not follow a linear trajectory. The tendency to 

revert from MCI to normal was most acute in those individuals identified as single-domain 

a-MCI (42%), however, 35% of the na-MCI and 12% of the a-MCI+ also had an 

unimpaired cognitive profile at follow-up. These results provide additional support for 

Bickel et al.'s study (2006), which found that approximately 50% of those classified as 

single-domain MCI improved, whereas only 12% of those classified as multi-domain MCI 

improved. 

Further investigation of this subtype of MCI is certainly warranted to determine its validity 

and utility as a predictor of future decline; and why a large minority of participants who 

exhibit cognitive impairments at baseline present with normal cognition at follow-up. One 

potential source of instability in the MCI designation is a failure to account for normal 

variation in individual performance across a range of cognitive measures. Contemporary 

classification procedures for MCI typically require evidence of cognitive impairment on 

only a single test at a single occasion of measurement. Normative studies in 

neuropsychology demonstrate that given a multi-test battery of cognitive measures, the 

probability that a carefully screened, neurologically normal individual will show isolated 

impairment on a single measure is high. Proposed explanations for isolated "impaired" 

scores in normal individuals include transient factors such as fatigue, attentional lapses, 

test anxiety, and/or loss of motivation, or stable features such as long-standing isolated 

weakness. Another possible explanation for these aberrant scores is statistical deviation. 

When cutoffs of 1 SD to 1.5 SD are used and standard error of measurement of a test is not 

accounted for there is a lack of precision in the identification of mild impairments to 

cognitive functions. Thus, the use of subclinical thresholds may result in aberrant scores 
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being evident on tests that have wide rather than narrow standard errors of measurement. 

Further, in participants who are premorbidly at the lower end of the average range of 

performance on most tests, scores at 1-1.5 SD below the mean are readily reached given 

the standard error of measurement of the tests used. 

The findings among the stable participants are also noteworthy. These participants were 

identified as stable because they did not show evidence of progressive decline on any of 

the neuropsychological tests and their results showed much greater stability than that of the 

other groups. Of the a-MCI+ participants 38% maintained their baseline classification; 

55% of the na-MCI participants retained their baseline classification; and 17% of the a

MCI participants maintained their baseline classification. It is possible that these 

participants represent normal individuals who display subtle declines but are not destined 

to develop AD or another form of dementia over time. An alternate explanation is that 

these stable individuals possess protective factors, such as enhanced cognitive reserve, that 

alter their rate of decline but that ultimately will not protect them from progression to 

dementia in the future (Y. Stem, 2002, 2009). A third possibility is that the stable 

participants represent a group of individuals who have always tended to function lower 

than the norm. However, this latter possibility is unlikely because the WTAR computed 

pre-morbid estimated FSIQ scores and educational level of the stable participants does not 

differ significantly from that of the other groups. Another possible explanation is that these 

individuals are in the earliest stages of the disease process and as such, their cognitive 

impairment(s) will remain relatively stable before the onset of a precipitous phase of 

decline during the last 2-3 years preceding a dementia diagnosis (Backman, et al., 2001; 

Chen, et al., 2000; Small, et al., 2003; Twamley, et al., 2006). 
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The difficulty is in determining which of these people with stable MCI are in the early 

stages of a dementia and which are suffering non-progressive cognitive impairment related 

to some other cause. Collie and colleagues performed repeat assessments of older adults 

semi-annually over a period of one year (Collie, Maruff, & Currie, 2002). They found that 

while roughly 20% of study participants met criteria for MCI (defined as performance 1.5 

SD below normative mean on a measure of delayed verbal recall) at any one testing 

session, only 13% met criteria at all three sessions. The latter, "stable MCI" group, 

captured those individuals with more consistent cognitive difficulty including those whose 

already low cognitive ability was on a declining trajectory. These authors suggest that 

individuals with stable MCI are likely at greater risk of dementia than those showing 

transient poor performance during a single assessment. Further examination of the 

previously mentioned potential explanations, in combination with further research 

examining this subgroup, should help determine which of these propositions is correct. 

Classification instability was evident in 25% of participants classified at baseline with a

MCI+ and 17% classified with a-MCI, all of whom were re-classified with na-MCI at the 

20-month assessment. Interestingly, none of the participants in the na-MCI group were 

reclassified as a-MCI or a-MCI+. An examination of the 'unstable' participants' baseline 

test results revealed that they displayed impairment on a single memory measure only. 

Therefore, one possible explanation is that this 'one-off' deficit may have arisen 

secondarily to an impairment in another cognitive domain (e.g., attention or executive 

function) and that they would therefore be more accurately conceptualised as non-amnestic 

MCI. To reduce the potential for classification instability it is recommended that future 

studies rely on more than one measure within a cognitive domain to determine the 
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presence or absence of 'objective impairment'; thereby improving the stability and 

reliability of the MCI 'diagnosis'. 

The results from the present study indicate that current criteria for classifying MCI 

(Petersen & Morris, 2005; Winblad, et al., 2004) do not result in stable MCI 

classifications, with a high rate of false positive identifications (recovered) and potentially 

high rates of false negative identifications. As such, existing MCI criteria do not meet 

basic requirements for "diagnostic" criteria. While MCI dysfunction is an important risk 

factor for dementia, MCI criteria require modification if they are to have prognostic value 

(Artero, Petersen, Touchon, & Ritchie, 2006). Thus, the second objective of this chapter 

was to investigate whether baseline scores on any of the neuropsychological tests 

(assessing visual and verbal memory, attention, executive functioning, semantic language 

and working memory) employed in the present study differentiate between participants 

who progressed to dementia, maintained a classification of MCI, reverted to normal 

cognitive functioning, and the cognitively normal control group. The individual outcomes 

of 81 MCI participants who 20 months previously had been classified into MCI sub-groups 

according to current MCI criteria (Petersen & Morris, 2005) and 25 age- and education

matched controls were examined. 

Using Discriminant Function Analysis, two significant discriminant functions were 

identified. The first DF, accounting for 84% of the between-group variance, maximally 

discriminated between all four outcome groups: those who progressed to probable AD; 

individuals with a classification of MCI at both the baseline and 20-month assessments; 

those who were classified as MCI at baseline but had a normal cognitive profile at the 20-

month assessment; and the control group. The group of tests that best predict outcome at 
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20-months from baseline scores (DF 1) are: PAL total errors (visual memory); RA VLT 

total (verbal memory); SSP (visual spatial span) and RVP A' (target detection). The 

second DF, accounting for 13.1% of the between-group variance, maximally discriminated 

between the progressed group and the Control, Recovered, and MCI groups and between 

the Control group and the Recovered, MCI, and Progressed groups. However, it does not 

discriminate between the Recovered and MCI outcome groups. The predictors comprising 

DF2 that best predict outcome at 20-months from baseline scores are SWM total errors 

(short-term retention and manipulation of spatial information in working memory), CRTI 

(divided attention), and BNT (semantic memory/language). 

Overall 83.8% of participants were correctly classified into each outcome group, far 

exceeding the value for classification based on chance (17.5%). The relationship between 

the tests and the group outcome established that 88% of the control group (12% classified 

as recovered); 65% of the improved group (15% classified as control; 20% classified as 

MCI); 88% of the stable MCI group (8% classified as recovered; 4% classified as 

progressed); and 100% of those who progressed to probable AD were placed in the correct 

outcome group. These results suggest that ne,trropsychological measures of visual learning 

and recall (PAL), verbal learning and recall (RA VL T), visual short term memory span 

(SSP), target detection (RVP A), working memory (SWM), divided attention (CRTI) and 

semantic memory/language (BNT) obtained at baseline, are useful in discriminating 

between four outcome groups: individuals destined to convert to probable AD; individuals 

with mild cognitive impairments at baseline who do not progress sufficiently over 20-

months to warrant a clinical diagnosis of probable AD; individuals who will have a normal 

cognitive profile at follow-up; and individuals who are cognitively normal at baseline and 

do not deteriorate. These results suggest that impairments to this cluster of 

167 



neuropsychological functions should be investigated further as a possible diagnostic cluster 

for MCI, with these tests identifying 100% of participants who progressed to probable AD 

over a 20-month period. Future research will of course need to examine these functions in 

a new sample and establish the sensitivity and specificity of the cluster in "diagnosing" 

MCI; where MCI is defined as a specific precursor to dementia. 

In summary, MCI is a heterogeneous clinical syndrome, which can have a progressive, 

stable or remittent course. The overall "recovery" rate of 25% observed in the present 

study is similar to the rates from other studies (Comijs, Dik, Deeg, & Jonker, 2004; 

Ganguli, et al., 2004; Larrieu, et al., 2002; K. Palmer, Wang, Backman, Winblad, & 

Fratiglioni, 2002). Single-domain a-MCI is particularly unstable, with 42% of the 

participants classified with this subtype at baseline reverting to normal cognitive status by 

the 20-month assessment, which indicates a low symptom stability in this group. 

Individuals with multiple-domain a-MCI, however, exhibited a high persistence of 

symptoms and improved in only 12% of cases. These results, in conjunction with several 

recently published studies, indicate that MCI is a complex and heterogeneous disorder. It is 

possible that MCI represents a single common disease entity with different clinical 

manifestations at different stages of disease progression. Alternately, it is possible that 

MCI is a heterogeneous disorder representing multiple disease entities, which may have 

distinct or overlapping clinical manifestations depending on stage of disease progression 

and underlying causal factor. The results of the present study indicate that there is a need 

for further research utilising larger samples over longer time periods to ascertain whether 

initial cognitive subtypes are associated with specific patterns and trajectories of cognitive 

decline over time. Most importantly, discriminant function analysis identified that a 

pattern of decline to visual and verbal learning, visual short term memory span, and 
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sustained attention predicted risk for conversion to probable AD, with 100% of participants 

who progressed to probable AD correctly classified using baseline scores from tests 

assessing these functions. 
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Chapter 8 
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8. General Discussion 

Mild cognitive impairment (MCI) is a term used to describe older adults who show 

cognitive impairment relative to their peers, but do not meet full criteria for any dementia 

syndrome. Although some argue that MCI can be considered a precursor to dementia, 

evidence to date for the predictive validity of MCI subtypes is equivocal (Busse, et al., 

2006; Fischer, et al., 2007; Lopez, et al., 2007; Ravaglia, et al., 2006; Tabert, et al., 2006; 

Zanetti, et al., 2006). Previous research has shown that, at the group level, those identified 

as MCI show elevated rates of conversion to dementia compared to those without cognitive 

impairment (Petersen, et al., 2001; Petersen & Morris, 2005; Petersen, et al., 1999; Roach, 

2005; Tabert, et al., 2006; Tuokko & McDowell, 2006). However, at the individual level, 

heterogeneity of outcome is common for those with MCI, with some individuals going on 

to develop dementia, some remaining stable for long periods, and others reverting to an 

unimpaired status (Bruscoli & Lovestone, 2004; Gauthier & Touchon, 2005; Petersen, 

2004; Tuokko & McDowell, 2006). Given the current uncertainty inherent in the clinical 

concept of MCI, coupled with the critical importance of more accurately identifying and 

detecting prodromal phases of different dementia syndromes; a major goal of this area of 

inquiry is to decipher whether the MCI 'diagnosis' primarily represents a specific risk for 

Alzheimer's disease, or whether it is more accurate to conceptualise MCI as comprising a 

heterogeneous group of individuals with different pathologies, neuropsychological 

profiles, and/or neurological markers (Fisk, et al., 2003; Looi & Sachdev, 2000; Rasquin, 

et al., 2005). 

Studies examining conversion rates from a-MCI and na-MCI to AD indicate that the 

revised MCI subtypes (Petersen & Morris, 2005; Winblad, et al., 2004) are of limited 

utility in predicting conversion to a variety of forms of dementia. While those classified as 
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having a-MCI frequently progress to AD, those classified as na-MCI also show an 

increased rate of conversion to AD. Further, both a-MCI and na-MCI display increased 

risk for conversion to other forms of dementia, such as vascular dementia and dementia 

with Lewy bodies (Fischer, et al., 2007; Rountree, et al., 2007). Researchers have also 

established that single-domain a-MCI is not only rare, but also has low predictive value for 

the development of dementia (Fischer, et al., 2007; Rasquin, et al., 2005; Rountree, et al., 

2007), and that AD can begin with cognitive difficulties in areas other than memory 

(Storandt, et al., 2006). Consequently, there is an emerging consensus that all MCI 

subtypes are at increased risk of converting to AD (Fischer, et al., 2007; Rountree, et al., 

2007). 

Although MCI is currently one of the most widely studied concepts in the dementia 

literature, different and inconsistent definitions have been applied across studies and there 

is a need for better characterisation and clarification of the concept as a whole (Davis & 

Rockwood, 2004; DeCarli, 2003; Kave & Heinik, 2004; Petersen & Morris, 2005). It is 

likely that much of the ambiguity and definitional confusion is related to inadequate 

characterisation of individuals who present with varying types of early, subtle cognitive 

impairment. Furthermore, it is probable that the significant heterogeneity observed in 

studies of MCI is due in part to discrepancies in the application of MCI criteria. For 

example, the demonstration of normal general cognitive functioning is often dependent on 

the modality used to assess participants' cognitive abilities. Although the Mini Mental 

State Examination (Folstein, et al., 1975) and other tests of global cognitive functioning 

(e.g., DRS-2; Jurica, et al., 2001) are common tools for screening patients with dementia, 

only comprehensive neuropsychological batteries are accurate in establishing whether 

memory deficits are isolated or are associated with deficits of other specific cognitive 
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abilities. Accurately identifying accompanying non-memory cognitive impairment is vital 

in light of recent evidence indicating a higher risk of conversion to AD in individuals with 

a-MCI who show additional areas of cognitive impairment (Lonie, et al., 2008; Tabert, et 

al., 2006). Neuropsychological studies investigating cognition in prodromal AD indicate 

that this preclinical stage of AD is characterised by subtle deficits across a broad range of 

neuropsychological domains, but particularly in executive functioning, attention, 

processing speed, semantic knowledge, and learning and memory (Twamley, et al., 2006). 

8.1. Baseline Assessment (Chapter 4) 

It has been reported that a potential problem with the criteria used to define a-MCI is the 

dependence on subjective reports of memory deficits, with studies indicating that 25% -

34.3% (Jonker, et al., 1996; Tobiansky, et al., 1995) of community samples aged over 65 

years report memory complaints. However, it is recognised that a variety of other cognitive 

problems experienced by individuals may mistakenly be attributed to 'poor memory', such 

as an underlying impairment to attention, executive control, or information processing 

(Howieson & Lezak, 2002). It has been suggested that this subset of individuals who 

complain of 'poor memory' as a convenient self-report label may in fact demonstrate non

amnestic deficits on neuropsychology testing (Howieson & Lezak, 2002). However, the 

reliability and validity of subjective reports of memory impairment are uncertain; and 

whether these subjective memory complaints are predictive of objective cognitive deficits 

in attention and executive domains also remains contentious (Farias, et al., 2005). 
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The aim of the baseline phase of the present study was to objectively assess the veracity of 

memory complaints of individuals reporting a gradually progressive course of cognitive 

impairment (informant corroborated), with predominant memory-related symptoms 

(subjective-MCI). The second objective was to assess executive, working memory, 

semantic memory/language, and attentional processing capacities in participants with 

subjective-MCI (with no objective memory impairment) and amnestic-MCI. It was 

hypothesised that the screening criteria of: informant-corroborated subjective complaints 

of declining memory functioning (particularly with regard to memory difficulties with 

conversations, books and movies, common words and names); objective evidence of 

memory (verbal and/or visual) impairment; intact activities of daily living (ADL); and no 

dementia; would result in the identification of a group of individuals with amnestic-MCI. It 

was also predicted that participants in the subjective-MCI and a-MCI groups would have 

significantly greater objective deficits than a cognitively intact control group on one or 

more of the cognitive domains implicated in the preclinical stages of AD: attention 

(selective, sustained, and/or divided), working memory (central executive functioning), 

executive functioning (heuristic strategy, rule acquisition, flexibility of thinking and 

attentional set shifting), and semantic memory/language (naming). 

8.1.1. Key Findings 

Of the 92 potential MCI participants recruited, 32 were found to have no objective 

impairment to verbal or visual episodic memory and were classified as subjective-MCI. 

The remaining 60 participants displayed an objective impairment to verbal and/or visual 

episodic memory with otherwise intact general cognitive functioning (DRS-2) and were 
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classified as a-MCI. However, when assessed on a battery of attention, working memory, 

semantic language/memory, and executive function tests; the s-MCI and a-MCI groups 

displayed impairments to: language retrieval from semantic memory, complex sustained 

attention, target detection, spatial working memory and visuospatial span. The a-MCI 

group displayed greater deficits to: selective attention, simple sustained attention, and 

language retrieval. The s-MCI and a-MCI groups were indistinguishable on measures of 

complex sustained attention, target detection, and divided attention. Further, the a-MCI 

group did not differ from the probable AD group on a measure of visuospatial span, and 

the s-MCI group did not differ from the probable AD group on a measure of complex 

sustained attention. When the s-MCI and a-MCI participant's performance on the battery 

of attention, executive, and working memory tests were individually examined, it was 

found that all (100%) of the s-MCI group and 48 (80%) of the a-MCI group also displayed 

an impaired performance on at least one measure of attention, executive or working 

memory function, despite no evidence of impairment to these cognitive domains being 

detected on the DRS-2. 

The sample of 60 a-MCI participants in the present study met Petersen's (1999) original 

criteria for a-MCI: an objective memory impairment in the absence of other cognitive 

impairments (as measured using the DRS-2 as a global measure of cognitive functioning). 

However, when sensitive and specific neuropsychological tests of other cognitive functions 

were used, 80% of the a-MCI group displayed an equivalent level of impairment on at least 

one other cognitive domain. These participants therefore meet the notional criteria for 

multi-domain a-MCI (a-MCI+); suggesting that the original criteria for a-MCI (Petersen, et 

al., 2001) are insufficient, as the criterion for impairment to other cognitive domains are 

discrepant from the criteria for detecting memory impairment. Finally, the apparent low 
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rate of single-domain a-MCI in the present study is consistent with previous findings that 

'pure' or single-domain a-MCI is rare (Alladi, et al., 2006). 

8.2. 10-Month Assessment (Chapter 5) 

The objective of this phase of the investigation was to re-administer the battery of visual 

and verbal episodic memory, attention, executive function, working memory, and semantic 

memory tests administered at baseline and establish whether any significant changes had 

occurred over the 10-month interval at a group level. 

8.2.1. Key Findings 

At the 10-month assessment no decline in performance on measures of attention, working 

memory, executive functioning or memory were observed in the control or MCI groups, 

with the exception of a slowing of reaction time in the a-MCI group on tasks of divided 

attention and simple sustained attention. At retest the probable AD group displayed a 

significant decline in rule acquisition and attentional set shifting, and increased reaction 

times on tasks of divided attention and simple sustained attention; with stability of all other 

measures. Thus, a key finding of the 10-month assessment was the significant decline in 

reaction time observed on both the simple sustained attention (SRTI) and divided attention 
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(CRTI) measures in the probable AD and a-MCI groups. These results indicate that 

sustained attention and divided attention may deteriorate before other functions in a-MCI 

8.3. 20-Month Assessment (Chapter 6) 

In chapter 6 the results of follow-up testing of the MCI groups over a 20-month interval 

were examined. The aim of this stage of the investigation was to determine the relative 

stability of cognitive impairments in subtypes of MCI at a group level over a 20-month 

time interval. The probable AD group were excluded from further analyses due to 

advancing severity of their disease. 

8.3.1. Key Findings 

Of the 106 participants who completed all three assessments, 10 participants were 

identified as having developed probable AD at the final test phase, which was 

subsequently confirmed by an independent assessment by a psychogeriatrician. All 10 

participants were from the amnestic-MCI group and all had at least one additional 

impairments in a non-memory cognitive domains (attention, executive functioning, 

working memory). This equates to an annual conversion rate to probable AD of 12.5% 

from multiple-domain amnestic-MCI (a-MCI+), which is in keeping with previous studies 

suggesting conversion rates from 11-16% (Ganguli, et al., 2004) but is somewhat at odds 
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with other studies that have reported conversion rates up to 51 % over 12 months (Lopez, et 

al., 2007). This outcome suggests that a-MCI+ is mainly degenerative in etiology, which is 

in stark contrast to the findings of researchers reporting that MCI fails to predict risk of 

development of dementia and is a temporally unstable construct within an individual 

(Ritchie, et al., 2001). The results also indicate that at a group level, both a-MCI+ and na

MCI display a decline in simple sustained attention, with the a-MCI+ group also 

displaying a significant decline on a task of divided attention. Furthermore, both a-MCI+ 

and na-MCI were found to display stable deficits to attention, working memory and 

executive functioning, with a-MCI+ being associated with stable impairments to visual and 

verbal memory. 

8.4. Stability of baseline MCI classifications (Chapter 7) 

In addition to examining the performance of each group on a battery of neuropsychological 

tests at three time points (baseline, 10-months, 20-months), the present study involves the 

examination of individual classifications over time. Three reasons motivated the analysis 

of individual performance. The first is the fact that AD is characterised by a large amount 

of cognitive heterogeneity, particularly in its early phase (Martin, 1990). Thus, it is 

uncertain that an examination of average group performance genuinely reflects the 

performance of the majority of the individuals. Secondly, recent research has established 

that MCI is a heterogeneous condition. Consequently, a group classified at baseline with 

MCI is potentially highly heterogeneous in terms of cognitive function and may actually 

comprise individuals that will progress to different forms of dementia and/or may be at 
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very different time points prior to fulfilling the criteria for dementia. Finally, concerns 

have been raised regarding the instability of MCI classifications over time, with a large 

minority of individuals classified at baseline reverting to normal cognitive functioning or 

changing MCI classification at follow-up. 

Studies utilising neuropsychological tests tend to use a single test of each cognitive 

function at a single timepoint to classify individuals with MCI, despite evidence that 55% 

of a group of cognitively intact (non-MCI) older adults displayed a score on a memory test 

at least 1 SD below the mean, with 30% performing at least 1.5 SD below the mean 

(Brooks, et al., 2007). Studies examining changes in cognitive functioning in MCI 

participants over time typically focus on change at the group level; that is, MCI groups are 

classified at baseline and remain in the same groups until the conclusion of the study. Few 

studies have taken into account the possibility that the individuals could potentially have 

differing trajectories of progression over time. With increasing evidence that the rate and 

nature of progression vary considerably in MCI (Albert, Moss, Blacker, Tanzi, & 

McArdle, 2007; Petersen, 2004), such analyses have assumed greater importance. Thus, an 

examination of the stability of baseline MCI classifications is warranted. The aim of this 

chapter was to examine individual outcomes in a group of 81 individuals classified 20-

months earlier with MCI and 25 age- and education-matched cognitively normal controls. 

8.4.1. Key Findings 

At 20 months outcome varied considerably between MCI subgroups. Of the a-MCI+ group 

25% progressed to probable Alzheimer's disease (AD), with none of the a-MCI or na-MCI 
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groups progressing to probable AD. Among the different MCI sub-classifications 12-42% 

improved to normal levels of function, 17-55% remained stable; and 10-24% transitioned 

to the a-MCI+ subtype. These results indicate that a total of 40% (25% improved; 15% 

unstable) of participants classified at baseline with a specific sub-type of MCI did not meet 

the criteria for the same classification 20-months later. The results of the present study 

indicate a high degree of instability in classification over time. If accurate conversion rates 

for each MCI subtype are to be established, these results indicate that classification of MCI 

cannot reliably be made on a single occasion. In addition, the results suggest that multi

domain MCI is the most reliable precursor stage to the development of AD. 

The results from this phase of the study, in conjunction with several recent studies (Busse, 

et al., 2006; Fischer, et al., 2007; Lopez, et al., 2007; Ravaglia, et al., 2006; Tabert, et al., 

2006; Zanetti, et al., 2006), indicate that MCI is a complex and heterogeneous disorder. It 

is possible that MCI, as it is currently defined, represents a single common disease entity 

with different clinical manifestations at different stages of disease progression. It is also 

feasible that MCI is a heterogeneous disorder representing multiple disease entities, which 

may have distinct or overlapping clinical manifestations depending on stage of disease 

progression and underlying causal factor. The present study is unable to comment on 

which of these two models is likely. Resolution of this will require extensive longitudinal 

mapping of the progression and outcomes of the various subtypes of MCI, with a focus on 

decline in cognitive functions rather than impairment, informant interview, estimate 

premorbid level, longitudinal assessment. 
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8.5. Prediction of Outcome Group (Probable AD, MCI, Recovered, Control) at 20-

months from Baseline Neuropsychological Scores (Chapter Seven) 

The current study also investigated the ability of baseline neuropsychological measures to 

predict eventual risk for conversion to dementia, stability of MCI classification, and 

reversion to normal cognitive status. The final objective of the study was to investigate 

whether baseline scores on any of the neuropsychological tests (assessing visual & verbal 

memory, attention, executive functioning, semantic language and working memory) 

employed in the present study discriminate participants who progressed to dementia from 

those with stable MCI, those who reverted to normal cognitive functioning, and the control 

group. An exploratory analysis was conducted to determine the combination of baseline 

cognitive functions that best predict outcome at 20 months. 

8.5.1. Key Findings 

Discriminant function analysis identified that a combination of measures of visual and 

verbal learning and recall, short-term memory span, short-term retention and manipulation 

of spatial information in working memory, divided attention, semantic memory/language, 

and sustained attention at baseline correctly identified 83.8% of participants by outcome at 

20 months. More specifically, the relationship between the tests and the group outcome 

indicated that 100% of those who progressed to probable AD, 88% of the stable MCI 

group (8% classified as recovered; 4% classified as progressed); 65% of the improved 

group (15% classified as control; 20% classified as MCI); and 88% of the control group 
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(12% classified as recovered) were placed in the correct outcome group, which far exceeds 

the 17.5% who would be classified into each of these groups by chance. 

There is an emerging consensus that all MCI subtypes are at increased risk of converting to 

AD (Fischer, et al., 2007; Rountree, et al., 2007). Therefore, there is an identified need to 

develop valid screening tools that can: (1) discriminate between unimpaired individuals 

and those with MCI, and; (2) to identify those individuals with MCI who are most likely to 

progress to AD (Feldman & Jacova, 2005). The results from the DF A indicate that this is a 

distinct possibility and that with further refinements and research that this method will 

have the capacity to accurately determine which individuals with MCI will go on to 

develop AD from those who will not offers the benefit of initiating pharmacological, 

behavioural, and cognitive therapies at the earliest stages of disease progression, thereby 

maximising the potential of slowing disease progression (Griffith, et al., 2006). 

8.6. Discussion/Recommendations 

Contemporary classification procedures for MCI typically require evidence of cognitive 

impairment on only a single test at a single occasion of measurement. Thus, a potential 

source of instability in the MCI designation is a failure to account for normal variation in 

individual performance across a range of cognitive measures. Normative studies have 

demonstrated that on a multi-test battery of cognitive measures the probability that a 

carefully screened, neurologically normal individual will show isolated impairment on a 

single measure is high (Tuokko & McDowell, 2006). Proposed explanations for isolated 
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"impaired" scores in normal individuals include transient factors such as fatigue, 

attentional lapses, test anxiety, and/or loss of motivation, or stable features such as long

standing isolated weakness (Lezak, et al., 2004). Test scores can fluctuate over time 

(Frerichs & Tuokko, 2005), so single measurements of cognitive impairment form an 

unstable criterion. Single measures can identify static cognitive impairments but not 

progressive deterioration; therefore, serial measures are necessary to detect the very early 

and subtle stages of cognitive decline (Tuokko & McDowell, 2006). 

Taken together, these findings suggest that the current practice of single-session 

assessment with single-test impairment inclusion criteria for MCI will likely result in 

elevated rates of false positives that may, in turn, account for some of the heterogeneity of 

outcomes for individuals diagnosed as MCI. Two approaches may be employed to address 

these issues. First, repeat assessments may be employed to improve differentiation of those 

individuals with stable neuropsychological impairment or decline from those showing 

"incidental" poor performance on testing due to transient factors such as low mood or 

motivation, fatigue, or statistical error arising from the standard error of the measure being 

used. Second, multiple-test impairment inclusion criteria could be employed to improve 

differentiation of those individuals with robust neuropsychological impairment from those 

showing isolated low scores due to accidental poor performance. Of these two approaches, 

the former may be best suited to epidemiological and community-based longitudinal 

research studies where individual cognitive test batteries may be minimal, but data are 

collected at multiple time points. The latter may be better suited to clinical studies where 

emphasis may be placed on gathering more complete cognitive assessment data to make 

more reliable diagnoses of MCI. 
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There has been extensive debate in the literature regarding the cut-off criteria deemed to 

indicate a level of impairment; with cut-off scores variously being set at 1 standard 

deviation (Ganguli, et al., 2004; Ritchie, et al., 2001), 1.28 standard deviations or lOth 

percentile (Alladi, et al., 2006; Rasquin, et al., 2005), and 1.5 standard deviations 

(Belleville, et al., 2007; Petersen, et al., 1999) below age-based norms. The merits and 

flaws associated with the various cut-off criterion used for establishing level of impairment 

have been discussed elsewhere (Brooks, et al., 2008; Lezak, et al., 2004). There is no clear 

consensus as to what level of impairment is sufficient to constitute a subclinical cognitive 

impairment such as MCI; with there being advantages and disadvantages when setting cut

off criteria at either 1 SD or 1.5 SD below normative means. For instance, some studies 

suggest that a cut-off of 1 SD provides greater sensitivity but lower specificity than a 

stricter cut-off of 1.5 SD which results in reduced sensitivity and higher specificity (Busse, 

et al., 2003). In the present study a performance cut-off of <1 Oth percentile (1.28 SD) below 

age-based norms was used, which does not discount the possibility that individuals who 

display a single aberrant performance were included in the sample (Brooks, et al., 2008). 

On the basis of the results of this study, the solution may be to restrict the classification of 

MCI to those individuals who display stable subclinical impairment across repeat test 

sessions. The minimum duration for stability of deficit has yet to be determined. 

It is highly likely that the diverse range of estimated progression rates that have been 

reported in the literature reflect underlying differences in sampling, such as potential 

differences between community and memory clinic samples, as well as potential 

differences between retrospective and prospective studies (see Gauthier & Touchon, 2005). 

Differences in the progression rates may also reflect underlying differences in the criteria 

used to define MCI, as well as differences in the sensitivity and specificity of the 
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psychometric tests used to screen for cognitive impairment. Further, studies have 

inconsistently applied cut-off criteria, using different criteria for identifying subclinical 

impairment (between 1.5 - 1 SD below norms) as the definition of MCI (K. Palmer, 

Backman, Winblad, & Fratiglioni, 2008; Petersen, et al., 2001; Petersen, et al., 1999). 

Finally, if variance within groups is high, the groups will overlap resulting in 

misclassification of individuals as either impaired or unimpaired. 

Studies examining the prognosis of MCI have found higher progression rates to dementia 

at 2 years for multiple-domain MCI (30%) compared with a-MCI (24%) or single domain 

non-memory MCI (4%) (Rasquin, et al., 2005). The notion of multiple cognitive system 

breakdown is consistent with data that conversion rates to AD over 3 years are 

considerably greater for patients with deficits to episodic memory and other cognitive 

domain (e.g. attention, executive functions) at baseline than for those who have isolated 

memory deficits (Backman, et al., 2004). A study by Bozoki et al. (2001) also showed that 

in a sample of non-demented elderly patients, those presenting memory loss alone rarely 

progressed to dementia, with an eightfold greater risk of developing dementia in those 

presenting impairments in other cognitive areas beyond memory loss. 

8. 7. Limitations 

The results of the present study need to be tempered with the limitations of the study. The 

10 month test-retest interval may have been too short to detect substantial changes in 

neuropsychological function over time. It is probable that progressive decline in cognitive 
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function in MCI is relatively slow and that longer time intervals are therefore required to 

detect significant changes. The sample used in the present study were a community based 

sample recruited through advertising and referral from general practitioners, consequently, 

the sample may not be fully representative of MCI in the wider community. Characteristics 

of the current sample, which constrain generalisability of study findings, include the 

relatively healthy, well-educated, high functioning nature of the all-volunteer community 

sample. It is likely that the current participant group under represents those older adults 

with more significant health and cognitive concerns, which may have precluded study 

participation (including those conditions specifically identified as exclusion criteria, but 

also those conditions not specifically listed that would likely decrease interest in voluntary 

research participation). 

The potential contribution of level of education variance to the instability observed in the 

MCI groups has been considered; however, due to the following factors it is highly 

unlikely that education variance influenced the results in any way: (1) there were no 

significant differences between the groups on the basis of education; (2) the mean 

education level for all 4 groups was 12-13.5 years with a SD of2.7-3.5 yrs (i.e. lower 

education is not a factor in this sample); (3) WTAR scores were transformed to WAIS-III 

FSIQ scores using age-based norms and DRS-2 scores were transformed to AEMSS scores 

using age and education-based norms; (4) for all other tests, raw scores were transformed 

using age-based norms solely for the purpose of classifying according to the 1 Oth 

percentile; (5) for all analyses of these test scores (excluding WTAR and DRS-2) the raw 

score was used as there were no group differences in education or age between the groups. 

Therefore any educational variance is unlikely to have caused a problem with computing 

the 1 oth percentile. 
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8.8. Implications 

The results of the present study have both practical and theoretical significance. At the 

practical level these findings confirm the need for the use of accurate and sensitive 

neuropsychological measures to correctly classify MCI subtypes. The use of increasingly 

sensitive and specific neuropsychological measures for the classification of MCI subtypes 

may considerably reduce the heterogeneity evident in studies examining the outcomes of 

MCI. At the theoretical level, these findings emphasise the increasing importance of 

understanding the boundary between normal aging and the earliest stage of AD. The 

capacity to accurately determine those individuals with MCI will go on to develop AD 

from those who will not offers the benefit of initiating pharmacological, behavioural, and 

cognitive therapies at the earliest stages of disease progression, thereby maximising the 

potential of slowing disease progression (Griffith, et al., 2006). Better definition and earlier 

identification of MCI could also lead to revision of the current diagnostic criteria for AD 

and/or possibly other dementia subtypes. 

The substantial rate of reversion within the current and previous MCI studies supports the 

need for continued efforts to refine diagnostic criteria for MCI. Other modifications of 

MCI criteria could also be considered. One option might include disregarding baseline 

testing entirely to minimize the classification of those individuals who score poorly on 

initial assessment solely due to transient factors, such as test anxiety associated with the 

novel assessment scenario. Replication of previously documented high rates of reversion 

from MCI to unimpaired status support the cautious application of the MCI concept in the 

clinical setting. The implications of an MCI diagnosis for an individual patient are 
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potentially significant. Receiving a label understood to mean "at-risk" for dementia may 

lead to understandable reactions of grief and fear, and possibly adjustment-related 

depressive symptoms, which may cause undue harm to a patient given the substantial 

probability that an individual who presents with MCI on an initial assessment will show 

cognitively normal performance on repeat evaluation. On the other hand, for an individual 

patient on a pre-dementia course, this label may offer validation of a perceived memory 

decline and afford this patient an opportunity to participate proactively in treatment 

decisions and disease management. 

Ultimately, ifthe term MCI is to have any prognostic value then there needs to be greater 

consistency and detail in terms of the classification process (Kramer et al., 2006), as well 

as stronger evidence of its prognostic value as an indicator of risk for dementia. In 

particular, it is time to abandon the existing classification criteria for MCI proposed by 

Petersen and colleagues (Petersen, et al., 2001; 1999) that are based on a theoretical 

premise that the prodromal stage to AD should be subclinical memory impairments. That 

is, the MCI criteria used are based on the premise that a feature characteristic of early AD 

(episodic memory failure) would be present in a preclinical phase. Consequently, MCI 

classification criteria are based on an assumption that subclinical (1-1.5 SD below mean) 

impairment to episodic memory will occur in preclinical dementia. While research 

indicates that a subgroup of these individuals do indeed develop AD at elevated rates 

compared to cognitively normal elderly individuals, the remainder progress to other forms 

of dementia; remain relatively stable; or revert to a normal cognitive state upon 

longitudinal follow-up (Gauthier & Touchon, 2005). Thus, this approach would be 

appropriate if a high rate of predictive accuracy was established; however, studies have not 

found this because early AD is not just episodic memory impairment and involves 
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impairments in other cognitive domains (Backman, et al., 2004; Bondi, et al., 2008; Chen, 

et al., 2000; Grundman, et al., 2004; Loewenstein, Acevedo, Agron, Martinez, et al., 2007; 

Rasquin, et al., 2005; Storandt, 2008; Storandt, et al., 2006). 

Recent research (Busse, et al., 2006; Gauthier, et al., 2006; Jak, Urban, et al., 2009; 

Loewenstein, Acevedo, Agron, & Duara, 2007; J. Mitchell, et al., 2009) indicates that 

criteria based on the theoretical assumption of an episodic memory deficit is a precursor to 

AD is not producing consistent or stable outcomes and that MCI classification criteria do 

not meet the predictive sensitivity and specificity required for diagnostic criteria. The 

findings from these studies and the results from the present study suggest it is time to 

abandon the use of this theoretical rationale for developing classification criteria. The 

current study adopted an alternate method to developing criteria that selectively identify 

those individuals at high risk of developing dementia, those who are in a stable stage of 

MCI, and those who will return a normal cognitive profile at subsequent assessments. With 

the use of extensive neuropsychological test results it was possible using discriminant 

function analysis to examine the baseline neuropsychological predictors of diagnostic 

outcome 20 months later. The results of this analysis indicate that the notion that verbal 

episodic memory impairments are the risk factor that predicts future decline to AD is 

incorrect. Rather, it is a combination of scores on tasks assessing visual and verbal 

memory, visual short-term memory, target detection, divided attention, semantic memory, 

and the short-term retention and manipulation of spatial information in working memory 

that predicts progression to probable AD over a 20-month period and differentiates these 

individuals from those with stable MCI and those who "recover". Future research is 

required to confirm this finding with a larger sample and a larger number of adults who 

have converted to probable AD but the result certainly indicate a move away from the 
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current MCI criteria proposed by Petersen and others (Petersen, et al., 2001; 1999; 

Winblad, et al., 2004). 

8.10. Future research & development 

It is imperative that criteria with strong predictive validity for progression to clinical 

dementia are developed. The results of the present study suggest the use of multiple 

reliable and valid cognitive tests in conjunction with repeat testing to confirm stability of 

impairment may resolve some of the issues relating to instability and inaccuracy of MCI 

classification. However, they also indicate there is a need for further research utilising 

larger samples over longer time periods to ascertain whether initial cognitive subtypes are 

associated with specific patterns and trajectories of cognitive decline over time. More work 

is needed to better characterise and validate the various subtypes of MCI to be able to 

identify specific cognitive measures or domains of cognition that predict progression to 

AD. These findings could be used to enrich intervention samples with individuals at 

highest risk of progressing to dementia. Further work is also required to reach a consensus 

on which cognitive measures are the best-validated, most responsive to change, and most 

effectively measure the domains implicated in preclinical AD. 

The prognoses for the various subtypes of MCI remains unknown (Chertkow, et al., 2007) 

and the relationship between the various subtypes of MCI has not been examined. It is 

possible that na-MCI represents an alternate early phase of MCI equivalent to single

domain a-MCI, but that both progress independently to multi-domain a-MCI and then to 
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AD. Alternately, it is possible that na-MCI represents a prodromal phase for 

neurodegenerative disorders other than AD. Further research is required to explore MCI in 

all its variations and to move beyond a narrow definition based upon an amnestic 

syndrome. Longitudinal studies of older adults with MCI should be conducted, comprising 

annual assessments of cognitive functions using a comprehensive battery of 

neuropsychological tests until they develop dementia. An examination of participants' 

performances on these measures can then be used to determine patterns of deteriorating 

performances across a range of cognitive areas. In this manner the test performance pattern 

that predicts decline into dementia can be established (e.g., Grober, et al., 2008). 

In conclusion, the status of MCI as an important clinical entity remains debatable. Expert 

opinion ranges from it being early AD in virtually all cases (Morris et al., 2001) to it being 

a diagnostic nonentity (Gauthier & Touchon, 2005; Milwain, 2000; Whitehouse, 2007). 

Most opinions however, fall somewhere in between these two extremes, and view MCI as 

a heterogeneous cognitive state that sometimes heralds the onset of progressive dementia 

(Chertkow, et al., 2007). The results of the present thesis indicate that individuals with 

multiple-domain a-MCI are at higher risk for the short-term development of AD (or will 

develop it sooner), than those with "pure" a-MCI or na-MCI. This is supported by the 

findings of several recent studies (Rasquin, et al., 2005; Tabert, et al., 2006). Identifying 

accompanying non-memory cognitive impairment is also important in light of recent 

evidence indicating a higher risk of conversion to AD in individuals with a-MCI who show 

additional areas of cognitive impairment (Lonie, et al., 2008; Tabert, et al., 2006), Finally, 

it is important to identify and characterise non-amnestic forms of MCI, most prevalent in 

population cohorts, so that their clinical course can be followed and better understood, and 

appropriate interventions initiated as indicated. 
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STATEMENT OF INFORMED 
CONSENT* 

EG PARTICIPANTS UNIVERSITY 
orTASMANIA 

PROJECT TITLE: Identifying neuropsychological predictors of the development of 
Alzheimer's dementia in adults with mild cognitive impairment. 

INVESTIGATORS: Dr Mathew Summers (School of Psychology, UTAS) 
Ms Nichole Saunders (School of Psychology, UTAS) 

1. I have read and understood the 'Information Sheet' for this study. 

2. The nature and possible effects of the study have been explained to me. 

3. I understand that the study involves undertaking a series of neuropsychological tests 
that: 
• screen my intellectual ability (1 st session only); 
• a medical screening checklist 
• screen for the presence of and severity of dementia; 
• measure verbal learning and recall; 
• measure ability to name common and uncommon objects; 
• screen for depression; and 
• that the study also involves completing a series of computerised tests of attention, 

working memory, and visual learning and recall. 

4. I understand that this testing will take approximately 1 hour and 45 minutes to 
complete. 

5. I understand that this is a longitudinal study that will involve me being tested on a total 
of three (3) occassions, with approximately 10 months between each test session. 

6. I understand that I will be informed by Dr Summers if a deterioration in my cognitive 
functioning is detected during my participation in this study, and that he will encourage 
me to seek medical attention via my general practitioner. Dr Summers will provide me 
and my doctor with a written letter detailing the nature of the decline detected and the 
possible interpretation of that change. 

7. I understand that if I provide my written consent, information from my testing sessions 
can be released to my doctor by Dr Summers. 

8. I understand that I will be asked to sign an authority to release confidential medical 
information form when I commence the study. This form will authorise the release of 
medical information to Dr Summers by my treating doctor(s) to confirm my medical 
status at the start of this study. 
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9. I understand that at the conclusion of the study I can make an appointment with Dr 
Summers (Chieflnvestigator) to receive detailed feedback regarding my performances 
on these neuropsychological and computerised tests. 

10. I understand that a PhD research student, Ms Nikki Saunders, will be conducting the 
tesing under the supervision and training of Dr Summers. 

11. I understand that all research data will be treated confidentially. 

12. Any questions that I have asked have been answered to my satisfaction. 

13. I agree that research data collected for this study may be published provided I cannot 
be identified as a participant. 

14. I understand that all research data will be securely stored on the University of 
Tasmania premises for a period of at least 5 years following publication of the data. 
The data will be destroyed 5 years after the publication of the data collected from this 
project. 

15. I agree to participate in this study and understand that I may withdraw at any time 
without prejudice or penalty. I understand that my participation in this study is entirely 
voluntary and without any remuneration, financial or otherwise. 

Name of Participant ..................................................... . 

Signature of Participant ................................................. . 

Date .................... . 

16. I have explained this project and the implications of participation to the volunteer and I 
believe that the consent is informed and that he/she understands the implications of 
participation. 

Name of Investigator ................................................... . 

Signature of Investigator ............................................... . 

Date .................... . 
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STATEMENT OF INFORMED 
CONSENT* 

CG PARTICIPANTS 
UNIVERSIT'{ 
oFTASMAN·IA 

PROJECT TITLE: Identifying neuropsychological predictors of the development of 
Alzheimer's dementia in adults with mild cognitive impairment. 

INVESTIGATORS: Dr Mathew Summers (School of Psychology, UTAS) 
Ms Nichole Saunders (School of Psychology, UTAS) 

1. I have read and understood the 'Information Sheet' for this study. 

2. The nature and possible effects of the study have been explained to me. 

3. I understand that the study involves undertaking a series of neuropsychological tests 
that: 

• screen my intellectual ability (1 st test session only); 
• a medical screening checklist 
• screen for the presence of and severity of dementia; 
• measure verbal learning and recall; 
• measure ability to name common and uncommon objects; 
• screen for depression; and 
• that the study also involves completing a series of computerised tests of attention, 

working memory, and visual learning and recall. 

4. I understand that this testing will take approximately 1 hour and 45 minutes to 
complete. 

5. I understand that this is a longitudinal study that will involve me being tested on a total 
of three (3) occassions, with approximately 10 months between each test session. 

6. I understand that I will be informed by Dr Summers if a deterioration in my cognitive 
functioning is detected during my participation in this study, and that he will encourage 
me to seek medical attention via my general practitioner. Dr Summers will provide me 
and my doctor with a written letter detailing the nature of the decline detected and the 
possible interpretation of that change. 

7. I understand that if I provide my written consent, information from my testing sessions 
can be released to my doctor by Dr Summers. 

8. I understand that I will be asked to sign an authority to release confidential medical 
information form when I commence the study. This form will authorise the release of 
medical information to Dr Summers by my treating doctor(s) to confirm my medical 
status at the commencement of this study. 
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9. I understand that at the conclusion of the study I can make an appointment with Dr 
Summers (Chief Investigator) to receive feedback regarding my performances on these 
neuropsychological and computerised tests. 

10. I understand that a PhD research student, Ms Nikki Saunders, will be conducting the 
tesing under the supervision and training of Dr Summers. 

11. I understand that all research data will be treated confidentially. 

12. Any questions that I have asked have been answered to my satisfaction. 

13. I agree that research data collected for this study may be published provided I cannot 
be identified as a participant. 

14. I understand that all research data will be securely stored on the University of 
Tasmania premises for a period of at least 5 years following publication of the data. 
The data will be destroyed 5 years after the publication of the data collected from this 
project. 

15. I agree to participate in this study and understand that I may withdraw at any time 
without prejudice or penalty. I understand that my participation in this study is entirely 
voluntary and without any remuneration, financial or otherwise. 

Name of Participant ..................................................... . 

Signature of Participant ................................................. . 

Date .................... . 

16. I have explained this project and the implications of participation to the volunteer and I 
believe that the consent is informed and that he/she understands the implications of 
participation. 

Name of Investigator ................................................... . 

Signature of Investigator ............................................... . 

Date .................... . 
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Participant ID number: ......... . 

Research Participant 
Information Sheet 

EG ONLY 
UNIVERSITY 
orTASl\1ANIA 

Study Title: Identifying neuropsychological predictors of the development of 
Alzheimer's dementia in adults with mild cognitive impairment. 

Investigators: Dr Mathew Summers (School of Psychology, University of Tasmania) 
Nichole Saunders (School of Psychology, University of Tasmania) 

Purpose of Study: 

You are invited to be a part of a study investigating: 
(1) the early detection and diagnosis of dementia of the Alzheimer's type 
(2) the neuropsychological factors that predict which individuals with mild cognitive 

impairments will develop Alzheimer's dementia. 

Research indicates that 1-2% of cognitively normal individuals over 65 years of age will 
develop dementia each year, whereas for adults with mild cognitive impairment (MCI) 
approximately 10-15% will develop dementia each year. Further, research indicates that 
50% of adults diagnosed with MCI will develop dementia of the Alzheimer-type (DAT) 
within three years. However, it is currently impossible to predict which individuals with 
MCI will: 

(a) progress to Alzheimer's dementia 
(b) progress to vascular dementia 
(c) remain stable (no worsening in symptoms), or 
(d) recover 

The proposed study aims to develop an accurate and valid screening tool that can: 
(1) discriminate between unimpaired people and those with MCI; 
(2) identify individuals with MCI who are likely to progress to develop Alzheimer's 

dementia. 

It is hoped that the results of this study will enable the application of treatments for 
Alzheimer's dementia to persons with MCI who are at risk of developing Alzheimer's 
dementia. Such early intervention may prevent or slow the development of Alzheimer's 
dementia in these persons. 

The main requirement for participation in this study is that you are experiencing memory 
difficulties which have progressively worsened. You may or may not have been diagnosed 
with dementia of the Alzheimer's type/Alzheimer's dementia; the key is the presence of 
memory problems. This research project will take place exclusively at the University of 
Tasmania's School of Psychology. 

There are 9 things you will be asked to do in this study. 
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1. Answer questions regarding your age, level of education, marital status, and medical 
and drug history. 

2. Complete a specialised test used to assess the presence and severity of dementia. 
3. Complete a test of your ability to read familiar and unfamiliar words which will be 

used to estimate your level of intelligence. 
4. Complete a test that will provide an objective measure oflevel of depression. 
5. Complete a test designed to assess episodic verbal learning and memory. 
6. Complete a test of your ability to name common and uncommon objects. 
7. Complete a series of 4 short computerised tests of attention and concentration. 
8. Complete a series of2 short computerised tests of working memory function. 
9. Complete a computerised visual learning test. 

This is a longitudinal study, which involves retesting you every 10 months to see ifthere is 
any change in your cognitive functions. This means that you will be tested on 3 separate 
occasions (including the present one) with approximately 10 months between each of these 
testing sessions. It is expected that each testing session will take no longer than 1 hour and 
45 minutes. 

At the end of the study you will be offered the opportunity to make an appointment with 
Dr Mathew Summers. At this appointment Dr Summers will present you with your 
individual results on all the tests conducted and will explain how you performed compared 
to a comparison group in the same age range as yourself. If at any stage of the study a 
significant decline in your cognitive function is detected, Dr Summers will contact you 
immediately. Dr Summers will brief you in person as to the results causing concern and 
may recommend that you see your family doctor for a medical review. Dr Summers will 
also provide you and your doctor with a written statement outlining the nature of the 
change detected and the interpretation of this change to assist with your medical care. We 
would encourage you to continue in this study even in the case that a change in cognitive 
function is found, however, we understand that you may not wish to continue and you 
have the right to cease participation at any stage. 

You should not participate in this study if you have ever been diagnosed as suffering from 
a stroke or a neurological disease other than dementia of the Alzheimer-type. You should 
not participate if you suffer from a psychiatric disorder (depression, schizophrenia), 
hypertension, uncontrolled diabetes, have lost the use of an arm, or are legally blind. 

Your involvement in this study will provide the researchers with valuable information 
about the early detection of dementia of the Alzheimer-type. Such early detection can be 
vital in maximising the benefits of treatments to slow the progression of the disease. The 
benefit to you will be that you will receive feedback regarding your personal cognitive 
status and the nature of changes in your attention and working memory that may have 
occurred. 

We also welcome partners or carers who would be interested in participating; as we need 
people who do not have memory problems to participate in the study so that we can 
establish what effect MCI and Alzheimer's dementia has on attention and working 
memory. 

All of your test results will remain confidential and will be coded with a number to ensure 
that they cannot be matched to you. Papers will be kept in a locked cabinet file at the 
University of Tasmania. All electronic data will be stored in password protected files. A 
master code will be held at the University of Tasmania to allow for your data to be 
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matched with data collected at a later stage. Only the researchers involved in this study 
will have access to data identifying you by name. Five years after the publication of data 
from this study, all raw data will be destroyed by shredding. 

Upon entry into the study, you will receive copies of the information sheet and signed 
consent form to keep. 

Your participation in this study is at all times voluntary, which means that you may 
withdraw at anytime before, during or after your participation, without any prejudice. If 
you do want to withdraw you may also request that any responses or data collected from 
you be withdrawn also in which case this data will not be included in any publications that 
may arise from this study. 

A summary of the overall results of this study will be available for all participants at the 
conclusion of the study. If you wish to receive the summary sheet you can request that a 
copy be mailed to you (call Dr Mathew Summers on 6324 3266). 

This study has obtained approval from the Human Research Ethics Committee (Tasmania) 
Network. Should you have any questions regarding this study please contact the 
investigators, Dr Mathew Summers on 6324 3266 or Ms Nikki Saunders on 6324 3120. If 
you have any concerns of an ethical nature or complaints about the manner in which the 
project has been conducted, you may contact the Executive Officer of the Human Research 
Ethics Committee (Tasmania) Network, Mrs Amanda McAully on (03) 6226 2763. 
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Research Participant 
Information Sheet 

CG ONLY 
UNIVERSITY 
or TAS~AANIA 

Study Title: Identifying neuropsychological predictors of the development of 
Alzheimer's dementia in adults with mild cognitive impairment. 

Investigators: Dr Mathew Summers (School of Psychology, University of Tasmania) 
Nichole Saunders (School of Psychology, University of Tasmania) 

Purpose of Study: 

You are invited to be a part of a control group in a study investigating: 
(1) the early detection and diagnosis of dementia of the Alzheimer's type 
(2) the neuropsychological factors that predict which individuals with mild cognitive 

impairments will develop Alzheimer's dementia. 

Research indicates that 1-2% of cognitively normal individuals over 65 years of age will 
develop dementia each year, whereas for adults with mild cognitive impairment (MCI) 
approximately 10-15% will develop dementia each year. Further, research indicates that 
50% of adults diagnosed with MCI will develop dementia of the Alzheimer-type (DAT) 
within three years. However, it is currently impossible to predict which individuals with 
MCI will: 

(a) progress to Alzheimer's dementia 
(b) progress to vascular dementia 
(c) remain stable (no worsening in symptoms), or 
(d) recover 

The proposed study aims to develop an accurate and valid screening tool that can: 
(1) discriminate between unimpaired people and those with MCI; 
(2) identify individuals with MCI who are likely to progress to develop Alzheimer's 

dementia. 

The capacity to accurately determine which patients with MCI will go on to develop 
Alzheimer' s dementia from those who will not offers the benefit of initiating 
pharmacological, behavioural, and cognitive therapies at the earliest stages of disease 
progression, thereby maximising the potential of slowing disease progression. 

The main requirement of this study is that you have not experienced memory difficulties 
that have progressively worsened. You must never have been diagnosed with dementia or 
any other neurological disorder. 
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There are 9 things you will be asked to do in this study: 

I. Answer questions regarding your age, level of education, marital status, and 
medical and drug history. 

2. Complete a specialised test used to assess severity of dementia. 
3. Complete a test of your ability to read familiar and unfamiliar words which will 

be used to estimate your level of intelligence. 
4. Complete a test that will provide an objective measure of level of depression. 
5. Complete a test designed to assess episodic verbal learning and memory. 
6. Complete a test of your ability to name common and uncommon objects. 
7. Complete a series of 4 short computerised tests of attention and concentration. 
8. Complete a series of2 short computerised tests of working memory function. 
9. Complete a computerised visual learning test. 

This is a longitudinal study, which involves retesting you every 10 months to see if there is 
any change in your cognitive functions. This means that you will be tested on 3 separate 
occasions (including the present time) with approximately I 0 months between each of 
these testing sessions. It is expected that each testing session will take no longer than I 
hour and 45 minutes. 

At the end of the testing session you will be offered the opportunity to make an 
appointment at a future date with Dr Mathew Summers. At this appointment Dr Summers 
will present to you your individual results on all the tests conducted and will explain how 
you performed compared to a comparison group in the same age range as yourself. 

You should not participate in this study if you have ever been diagnosed as suffering from 
any form of neurological condition including: dementia, epilepsy, multiple sclerosis, or a 
stroke. You should not participate if you suffer from a psychiatric disorder (depression, 
schizophrenia), hypertension, uncontrolled diabetes, have lost the use of an arm, or are 
legally blind. 

Involvement in this study will provide the researchers with valuable information about the 
early detection of dementia of the Alzheimer-type. Such early detection can be vital in 
maximising the benefits of treatments to slow the progression of disease. The benefit to 
you will be that you will receive feedback regarding your personal cognitive status. 

All of your test results will remain confidential and will be coded with a number to ensure 
that they cannot be matched to you. Papers will be kept in a locked cabinet file at the 
University of Tasmania. All electronic data will be stored in password protected files. A 
master code will be held at the University of Tasmania to allow for your data to be 
matched with data collected at a later stage. Only the researchers involved in this study 
will have access to data identifying you by name. Five years after the publication of data 
from this study, all raw data will be destroyed by shredding. 

Upon entry into the study, you will receive copies of the information sheet and signed 
consent form to keep. 

Your participation in this study is at all times voluntary, which means that you may 
withdraw at anytime before, during or after your participation, without any prejudice. If 
you do want to withdraw you may also request that any responses or data collected from 
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you be withdrawn also in which case this data will not be included in any publications that 
may arise from this study. 

A summary of the results of this study will be available for all participants at the 
conclusion of the study. If you wish to receive the summary sheet you can request that a 
copy be mailed to you (call Dr Mathew Summers on 6324 3266). 

This study has obtained approval from the Human Research Ethics Committee (Tasmania) 
Network. Should you have any questions regarding this study please contact the 
investigators, Dr Mathew Summers on 6324 3266 or Ms Nikki Saunders on 6324 3120. If 
you have any concerns of an ethical nature or complaints about the manner in which the 
project has been conducted, you may contact the Executive Officer of the Human Research 
Ethics Committee (Tasmania) Network, Mrs Amanda McAully on (03) 6226 2763. 
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Participant Code number: ....... . 

MCI Study Medical Questionnaire 
(Baseline session) 

UNIVERSITY 
oFTASMANIA 

Please indicate if you have a history of any of the following: 

1. Neurological disorder YES I NO 

If yes: What type of disorder? 

2. Psychiatric disorder 
(e.g. depression, psychosis, bipolar disorder, anxiety disorder) YES I NO 

If yes: What type of disorder? 

3. Heart disease YES I NO 

If yes: What type and when? 

4. Cancer YES I NO 

If yes: What type and when? 
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5. 

6. 

7. 

8. 

9. 

Visual problems: Colour blindness 

Legally blind 

Corrective glasses 

Other 

High blood pressure 

Low blood pressure 

High cholesterol levels 

If yes is it: Controlled YES/NO 

Head injury 

If yes: When? 

Severity? 

10. Epilepsy 

YES I NO 

YES I NO 

YES/NO 

YES I NO 

YES/NO 

YES/NO 

YES/NO 

YES I NO 

11. Metabolic disorders: Type I diabetes YES I NO 

12. 

Type II diabetes YES I NO 

Kidney disease 

Liver disease 

Stroke, Transient lschaemic Attacks (TIA) 

YES I NO 

YES I NO 

YES I NO 
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13. Central nervous system degenerative diseases 
(eg. Parkinson's, Huntington's, Multiple-Sclerosis) 

YES I NO 

If yes: What type? ............................................................ . 

14. Vitamin 812 deficiency YES I NO 

If yes: When? 

15. Delirium YES I NO 

If yes: When? 

Please answer the following questions: 

1. On average, how much alcohol do you consume? 

................ standard drinks per DAY /WEEK (circle one) 

1 standard drink = 1 glass/stubby of beer OR 1 glass of wine OR 1 30ml shot of 
spirits 

2. Do you use illegal/illicit drugs? YES I NO 

If yes: What type of drug? 

How much? 

How often? 

3. 
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Are you currently taking any prescription medications or hormonal supplements? 

YES I NO 

If the answer is 'YES' please list them: 
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Participant ID number: ......... . 

UNIVERSITY 
Informant Screening Questionnaire OFT ASMAN I A 

1) What is your relationship to (participant's name)? 

2) How long have you known him/her for? 

3) Have you noticed that (participant's name) is experiencing memory problems? 

YES/NO 

4) Can you describe the memory problems that you have observed she/he is having? 

5) When did you frrst notice that his/her memory was not functioning normally? 
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6) Do you believe that his/her memory has deteriorated further since this date? 

7) Have you noticed whether (participant's name) is experiencing any problems with 
the way she/he thinks? 

YES/NO 

For example: maintaining his/her attention, switching or dividing attention 
between tasks, concentrating on a task 

8) Please describe the problems you have observed: 

9) Have you noticed whether (participant's name) is experiencing any problems with 
the way she/he does things? 

YES/NO 

For example: speech or language, map reading, finding his/her way around 
town or your neighbourhood, driving 

10) Please describe the problems you have observed: 
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11) Have you noticed whether (participant's name) is experiencing any problems 
completing everyday activities or tasks? 

YES/NO 

For example: cooking, cleaning, dressing themselves, shopping or gardening 

12) Please describe the problems you have observed: 
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Appendix C - Baseline analysis output 
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Refer to enclosed CD disc. 
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Appendix D - 10 months analysis output 
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Refer to enclosed CD disc. 
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Appendix E - 20 month analysis output 

253 



Refer to enclosed CD disc. 
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