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Abstract 

The present study investigated how performance on in-person and electronic neuropsychological 

assessment measures predicted subcortical hippocampal volume and cognitive decline consistent 

with mild cognitive impairment. It was hypothesized that the Montreal Cognitive Assessment 

would display better predictive strength than the Cogstate Brief Battery when evaluating 

subcortical hippocampal volume measured via structural magnetic resonance imaging. It was 

further hypothesized that the Montreal Cognitive Assessment would be more sensitive to 

predicting group membership to the diagnostic classification of mild cognitive impairment 

compared to the Cogstate Brief Battery. The sample included 445 older adult participants 

selected from the Alzheimer’s Disease Neuroimaging Initiative 3. Participants met criteria for 

diagnostic classifications of cognitively normal and mild cognitive impairment and had 

undergone neuropsychological testing consisting of the Montreal Cognitive Assessment and 

Cogstate Brief Battery, as well as structural magnetic resonance imaging scans of the 

hippocampus at baseline testing. The learning/working memory composite from the Cogstate 

Brief Battery was the only substantial predictor for total subcortical hippocampal volume. When 

evaluating predictive strength relative to group membership of either cognitively normal or mild 

cognitive impairment, the Montreal Cognitive Assessment was the most substantial predictor of 

diagnostic classification, specifically mild cognitive impairment. The learning/working memory 

composite from the Cogstate Brief Battery was also a good predictor of group membership, 

though the Montreal Cognitive Assessment was observed to be more sensitive overall. The 

results of this study maintained the effectiveness of in-person neuropsychological assessment, 

while also supporting the use of electronic measures with older adults when evaluating cognitive 

status. The data also contributes additional information that is helpful in the early detection of 

progressive neurodegenerative diseases, such as Alzheimer’s disease. 
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CHAPTER I: INTRODUCTION AND LITERATURE REVIEW 

Mild cognitive impairment (MCI) can be the precipitating stage to more serious cognitive 

dysfunction that can be associated with Alzheimer’s disease (AD). AD is the most common form 

of dementia that disproportionately impacts older adults (Apostolova, 2016). Accurate detection 

of MCI is imperative in determining a likely prognosis and course of treatment that may assist 

with slowing rates of cognitive decline (Zhuang et al., 2021). Neuropathological changes, 

specifically subcortical hippocampal volume loss, may indicate the progression from normal 

cognition to MCI and, eventually, AD (van der Flier & Scheltens, 2009). Brain imaging, such as 

structural MRI, is useful in observing and monitoring the progression of atrophied brain 

structures and aids in detecting MCI and diagnosing AD (van der Flier & Scheltens, 2009). 

Neuropsychological assessment is another beneficial approach to evaluating cognitive 

functioning. Specifically, the Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005) 

and Cogstate Brief Battery (CBB; Maruff et al., 2013) have demonstrated value as reliable 

measures of cognitive status. The MoCA and CBB can also be examined for usefulness in 

evaluating disease progression at the neuropathological level, such as how performance may 

relate to loss of subcortical hippocampal volume. Furthermore, as technology advances, 

electronic assessment methods are more often being utilized, making it essential to determine if 

the MoCA and CBB are just as sensitive in establishing diagnostic classification (e.g., 

cognitively normal, MCI) in the older adult population compared to traditional, face-to-face, 

methods of administration. Therefore, the purpose of this study was to observe how well 

performance on the MoCA and CBB predicted subcortical hippocampal volume measured via 

structural MRI. Furthermore, this study sought to identify which cognitive screener was more 
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sensitive in detecting group membership based on the diagnostic classifications of cognitively 

normal and MCI. 

Background of the Problem 

Dementia has proven to be a substantial medical challenge concerning older adults and 

the geriatric population. AD is the most common type of dementia, accounting for about 60-90% 

of all dementia diagnoses and it is considered the sixth leading cause of death in the U.S. 

population (Apostolova, 2016; Dhikav & Anand, 2011; Yiannopoulou & Papageorgiou, 2013). 

According to recent reports, around 6.7 million Americans are currently living with AD (Rajan et 

al., 2021). In 2050, it is estimated that approximately 150 million people will be diagnosed with 

AD worldwide (GBD 2019 Dementia Forecasting Collaborators, 2022). 

MCI is a phase of cognition between normal cognitive functioning and early dementia 

(Julayanont et al., 2014). About 15% of individuals diagnosed with MCI will develop dementia 

within 2 years, and the prevalence of MCI due to AD for individuals 65 years and older is 

estimated to be around 8 to 11% (Petersen et al., 2013, 2018). Once MCI advances to more 

severe dysfunction consistent with mild or major AD, there are no wholly successful treatment 

methods to stop or reverse the disease (Zhuang et al., 2021). 

Thus, the timing of an MCI diagnosis may be crucial, considering the window of 

application for prevention methods that may aid in slowing the rate of cognitive decline and 

other functional impairments associated with AD. Early detection of MCI, as well as improved 

therapies to slow progression to AD, may help to preserve independence and quality of life for 

millions of people, as well as alleviate some of the burdens on family members who would 

otherwise have to watch their loved one deteriorate (Tahami Monfared et al., 2022). Establishing 

effective detection and prevention methods for MCI could also help to improve the economic 
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encumbrance that comes from continued research into AD, testing of treatment methods, as well 

as housing facilities and other services that aid in preserving the quality of life for individuals 

with more advanced stages of AD (Tahami Monfared et al., 2022). 

Neuropathological changes associated with MCI etiologically attributable to AD can 

occur for a significant time before any disruptions to activities of daily living (ADLs) or 

cognitive functioning are noticed (Apostolova et al., 2015). Individuals may seek out medical 

advice and receive diagnostic clarity once symptoms begin to significantly interfere with daily 

functioning, a level of impairment that is considered to have progressed beyond the MCI stage 

and after irreversible neuronal destruction has likely already occurred (Zhuang et al., 2021). As 

such, there is a need for more proactive measures to aid in decreasing the substantial number of 

individuals with undiagnosed MCI who are unable to obtain preventive measures prior to 

significant disease progression. 

Neuropathology of MCI 

While atrophy of the brain is a normal occurrence of aging, AD increases the rate of 

this process, causing neurons and neuronal structures to deteriorate over time leading to 

accelerated atrophy of various areas (Deture & Dickson, 2019; Rusinek et al., 2003). Individuals 

with MCI exhibit neuropathology specifically in the medial temporal lobe, which helps to 

distinguish an AD etiology from other forms of dementia and increases the likelihood of 

conversion from MCI to AD (Chandra et al., 2019; Delli Pizzi et al., 2016; Morris et al., 2001; 

Nesteruk et al., 2015; Rusinek et al., 2003; Tam et al., 2005). In fact, atrophy of the medial 

temporal lobe has been observed in prodromal stages, even prior to MCI emergence (Rusinek et 

al., 2003). Progressive atrophy typically occurs slowly and may follow a specific sequence. In 

the traditional presentation of MCI, the entorhinal cortex and hippocampus are first impacted, 



4 

 

subsequently expanding to association areas of the cerebral cortex (Fjell et al., 2014). Recent 

research has also revealed variability regarding the way pathology spreads through corticolimbic 

networks in different subtypes of MCI (Vogel et al., 2021). While the newfound sequences of 

pathology accumulation may align with more non-traditional presentations of MCI, further 

investigation is needed into these recent findings (Vogel et al., 2021). 

Brain tissue impacted by AD ultimately displays pathological changes observed at the 

extracellular and intracellular levels (Reitz & Mayeux, 2014). Diffuse accumulations of Aβ 

peptide occur extracellularly resulting in neuritic plaques predominantly impacting grey matter 

in the brain (Reitz & Mayeux, 2014). Specifically, degeneration of grey matter results in synaptic 

loss, which decreases communication between synapses when carrying out cognitive functioning 

(Blennow & Zetterberg, 2018). Degeneration of grey matter in the frontal and temporal regions 

has been observed in MCI (Duarte et al., 2006). 

Hyperphosphorylated tau (p-tau) protein is a microtubule assembly protein that builds up 

at the intracellular level resulting in NFTs (Reitz & Mayeux, 2014). Buildup of Aβ and NFTs 

prompts various pathophysiological changes, such as activation of microglial cells to engage in a 

chronic self-renewing process referred to as reactive microgliosis, as well as extensive death of 

neurons, white matter, and synapses (Levesque et al., 2010; Reitz & Mayeux, 2014). 

Accumulation of amyloid plaque typically occurs in prodromal stages prior to MCI; yet, 

neurofibrillary tangle and neuronal degeneration—particularly at the synaptic level—can occur 

synonymously with symptom progression (Serrano-Pozo et al., 2011).  

Neuropathology of MCI may consist of atrophy in the hippocampus, entorhinal cortex, 

and posterior cingulate cortex, which are all located in the medial temporal lobe (Pennanen et al., 

2004). Hypometabolism is also present in temporoparietal and posterior cingulate cortices, as 
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well as hypoperfusion of the hippocampus and parietal cortices (Fennema-Notestine et al., 2009). 

Previous research has also observed the presence of NFTs in the medial temporal lobe structures 

at the MCI stage (Guillozet et al., 2003). Studies have evaluated the neuropathological 

differences in two presentations of MCI referred to as amnestic (aMCI) and nonamnestic 

(naMCI). NFTs were found in both presentations of MCI, though higher densities were found in 

the temporal and parietal lobes of subjects with aMCI (Dugger et al., 2015; Petersen et al., 2018). 

It was also found that some of the MCI subjects were devoid of neuritic plaques, a finding that 

has been consistently observed in prior studies (Dugger et al., 2015; Sabbagh et al., 2006). 

Role of the Hippocampus 

The brain consists of two hippocampi on the left and right sides of the brain (Knierim, 

2015). Named after the Greek word for seahorse, the hippocampus is a curved structure that is 

part of the hippocampal formation, as well as the limbic system. The hippocampal formation 

consists of the dentate gyrus, the hippocampus proper or Ammon’s horn, and the subiculum 

(Fogwe et al., 2022). The hippocampus consists of different cells that are organized into layers 

(Anand & Dhikav, 2012; Knierim, 2015). The layered area is referred to as Cornu Ammonis 

and is broken down into four hippocampal subfields, CA1, CA2, CA3, and CA4 (Fogwe et al., 

2022). 

CA3 is the largest of the four subfields and receives fibers from the dentate granule cells 

(Fogwe et al., 2022). The CA3 and dentate gyrus work together to receive and process 

information, with the dentate gyrus acting as a powerhouse in the exchange and playing a 

complex role in the process of learning and memory (Babcock et al., 2021; Jonas & Lisman, 

2014). Specifically, the dentate gyrus receives and processes input from the entorhinal cortex 

and sends it for additional processing in the CA3 region (Jonas & Lisman, 2014). Furthermore, 
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the dentate gyrus is one of the only brain regions to engage in neurogenesis (Jonas & Lisman, 

2014). 

Degeneration of the hippocampus is a consequence of AD pathology that results in 

progressive neuronal loss due to the presence of NFTs and β-amyloid deposition, as well as 

neuritic infiltration in association cortices (Halliday, 2017). Rates of degeneration are thought to 

be due to the significance of neuronal loss and specifically due to the presence of tau (Halliday, 

2017). Prior to any evidence of degeneration, the average volume of the hippocampus is about 

3-3.5cm on each side of the brain (Anand & Dhikav, 2012). MCI correlates with around 10% 

to 15% hippocampal volume loss (Anand & Dhikav, 2012). Primary responsibilities of the 

hippocampus include retrieval and recollection of new information, as well as memory 

consolidation and formation (Bettio et al., 2017; Knierim, 2015). The hippocampus is also 

involved in spatial memory that helps with orientation and navigating the environment (Buzsaki 

& Moser, 2013). 

Biomarkers of MCI 

At times, the etiology for MCI may be ambiguous. Research has established methods that 

aid in classifying etiological causation by using several methods to evaluate AD biomarkers that 

are present at the MCI stage. For example, MCI attributed to AD typically evinces amyloid build 

up, decreased cerebrospinal fluid (CSF) levels of amyloid, more CSF tau, brain hypometabolism, 

and hippocampal atrophy (Blennow & Zetterberg, 2018). CSF tests by way of lumbar puncture, 

blood tests, genetic testing, and brain imaging are all useful in the detection of AD biomarkers 

(Blennow & Zetterberg, 2018). 

CSF levels indicative of AD pathology in the brain are frequently utilized to detect Aβ 

and tau protein at the MCI stage (Bondi et al., 2017). However, given that CSF is more difficult 

https://onlinelibrary.wiley.com/doi/epdf/10.1111/joim.12816?src=getftr
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to access, plasma has also been researched as a biomarker. Findings have supported positive 

correlations between increased plasma lipids and amyloid plaques, resulting in atrophy of the 

hippocampus and entorhinal cortex in individuals with MCI (Agarwal & Khan, 2020). Brain 

imaging techniques, such as structural MRI, functional MRI (fMRI), positron emission 

tomography (PET), and single photon emission computed tomography, have also been useful in 

detecting atrophy and other abnormalities, as well as providing a means of visually and 

quantifiably monitoring progressive neurodegeneration at the MCI stage (Dickerson & Wolk, 

2013; Reitz & Mayeux, 2014). 

A common genetic factor known to increase the risk for MCI progression to AD is the 

type ε4 allele of the gene for apolipoprotein E (APOE), a low-density lipoprotein cholesterol 

carrier, impacting chromosome 19 (Bondi et al., 2017; Saunders et al., 1993). Thus, if an 

individual is presenting with MCI and they have been determined to be a carrier of the APOE ɛ4 

allele, symptom progression is more likely to be attributed to AD. However, there is no 

guarantee that a positive APOE ɛ4 status will result in the emergence of AD; rather, this is 

considered a risk factor for possible future progression (Dickerson & Wolk, 2013). 

Use of Structural MRI in the Detection of MCI 

Structural MRI is an effective method that assists in the detection of MCI by taking high-

resolution images to evaluate anatomic structures of the brain (Chandra et al., 2019). The images 

reveal abnormalities and biomarkers, such as hippocampal atrophy, which are consistent with 

MCI (Chandra et al., 2019). Structural MRI provides quantitative information about anatomical 

structures impacted by MCI, including volume acquisition (Apostolova et al., 2015). In addition 

to measuring volume, changes in the shape of the hippocampus observed via structural MRI 

analysis are apparent at the MCI level (Aksu et al., 2011). Abnormalities, such as white matter 
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hyperintensities are also observable and have aided in predicting the likelihood of progression 

from MCI to AD (van Straaten et al., 2008). 

Structural MRI is also utilized as a tool not only to observe structural changes consistent 

with MCI, but to obtain diagnostic clarity in determining if the present MCI is due to AD 

pathology or another etiology (Chandra et al., 2019). One study utilized structural MRI to 

evaluate structural differences between aMCI and naMCI based on regions within the temporal 

lobe, including the hippocampus (Csukly et al., 2016). Compared to healthy controls, structural 

MRI did reveal decreased volume of the hippocampus in individuals with MCI, specifically 

aMCI, whereas decreased thickness of the precuneus—a portion of the superior parietal lobe—

was the only significant observed difference between the control and naMCI group (Csukly et 

al., 2016). Thus, structural differences between aMCI and naMCI are notable when observed via 

structural MRI and provide a diagnostic distinction between MCI attributed to AD or another 

form of dementia, further supporting structural MRI as a valid and reliable tool for evaluating 

MCI (Csukly et al., 2016). 

Clinical Presentation of MCI 

Preclinical AD is referred to as biological brain changes that are observed though no 

memory loss or cognitive dysfunction is detected (Jessen et al., 2014). MCI occurs after normal 

age-related decline or preclinical AD and prior to dementia (Potashman et al., 2023). MCI is 

considered the earliest potential clinical indication of AD pathophysiology and consists of mild 

cognitive changes that may not impact ADLs (Albert et al., 2011). To diagnose MCI due to AD 

typically requires report of subjective memory and cognitive decline or minor disruption in 

ADLs, as well as the confirmation of AD biomarkers via imagining, genetic testing, blood tests, 

or evaluation of CSF (Petersen et al., 2013). 
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Cognitive decline associated with MCI may affect instrumental ADLs (IADLs), such as 

managing finances, housekeeping, organizing medications, and maintaining hygiene (Potashman 

et al., 2023). Indications of IADL impairment occur prior to observable changes in basic ADLs 

(BADLs) consisting of feeding, dressing, toileting, and maintaining grooming and hygiene 

(Potashman et al., 2023). In fact, changes in maintenance of ADLs, specifically transitioning 

from an inability to uphold IADLs to detected impairment in the preservation of BADLs, is 

outside the diagnostic criteria for MCI and would warrant a more severe diagnosis of AD 

dementia (Potashman et al., 2023). Thus, criteria for MCI focuses on slight deterioration in the 

maintenance of IADLs, indicating that overall functioning of ADLs is still largely intact.  

Cognitive Implications of MCI 

As previously mentioned, MCI has been classified into two clinical presentations, aMCI 

and naMCI. In an aMCI presentation, memory impairments are the primary concern and mild 

impairments in tasks requiring more cognitive complexity (i.e., IADLs) may become more 

noticeable (Dugger et al., 2015). Functioning in other cognitive domains is largely preserved. 

Amnestic MCI is consistent with cognitive dysfunction etiologically attributable to AD, implying 

that an aMCI presentation is much more likely to progress to AD than a naMCI presentation 

(Petersen et al., 2018). 

Subjective memory decline is typical of aMCI and refers to worsening of memory or 

other cognitive abilities (Jessen et al., 2014). The cognitive concerns may be reported 

autonomously or via a collateral source. Complaints regarding episodic memory, referring to 

memory formation of experiences consisting of sensory, emotional, and cognitive components 

that are stored and consciously recalled, are typical with aMCI (Knierim, 2015). Impairments 

with episodic memory may prompt symptoms such as forgetfulness and impaired delayed 
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memory (Aurtenetxe et al., 2016). Deficits with learning, specifically the inability to retain and 

apply newly learned information, may also be present at the MCI level (Apostolova, 2016). 

In naMCI other cognitive domains including attention, executive functioning, language, 

and visuospatial skills evidence more dysfunction and memory remains intact (Dugger et al., 

2015; Petersen et al., 2018). Progression from a naMCI typically results in different forms of 

dementia including Lewy body or Parkinson’s disease, though conversion to AD is not 

impossible (Csukly et al., 2016). Despite deviation from subjective memory decline as a primary 

symptom, naMCI can still be etiologically attributable to AD through the evaluation of 

biomarkers such as Aβ and tau proteins in CSF, as well as confirmation via imaging (Dickerson 

et al., 2017). Considering that memory may remain intact with naMCI, a clinical diagnosis of 

MCI may be delayed as the impairments may not be attributed to a neurodegenerative process 

(Warren et al., 2012). 

In addition to aMCI and naMCI, MCI can be further divided into four different subtypes 

based on the number of domains that evidence dysfunction. If memory decline is the primary 

symptom and there is no evidence of additional cognitive impairment, this is referred to as 

aMCI-single domain (Petersen, 2004). Memory impairments accompanied by evidence of 

dysfunction in one or more cognitive domains are considered aMCI-multiple domain. Contrarily, 

evidence of impairment in a single cognitive domain with no indication of subjective memory 

decline warrants a naMCI-single domain classification. Thus, indication of dysfunction in 

multiple domains with no evidence of subjective memory decline is consistent with a naMCI-

multiple domain classification. 

MCI, specifically naMCI-single or multiple-domain and aMCI-multiple domains, may 

produce deficits across several functional areas. Language functioning, specifically expressive 
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language, may be impacted (Mueller et al., 2018). Difficulties in semantic verbal fluency, as well 

as word retrieval and paraphasic errors may be more noticeable (Mueller et al., 2018). Previous 

studies have indicated that individuals with MCI exhibited significantly more word finding 

delays and semantic paraphasias compared to healthy controls (Forbes et al., 2002). More 

dysfunction has also been observed on confrontation naming measures, such as the Boston 

Naming Test, as well as category/letter fluency measures, compared to picture description tasks 

(e.g., cookie theft) for MCI subjects (Bschor et al., 2001). 

Visuospatial functioning may also exhibit dysfunction due to MCI. Considering spatial 

memory is a function of the hippocampus, visuospatial recognition memory is compromised due 

to hippocampal degeneration (Alescio-Lautier et al., 2007). Subjects diagnosed with MCI and 

classified as having multiple domain MCI, aMCI, and naMCI-single domain exhibited notable 

impairments in visual attention and visual spatial skills (Alescio-Lautier et al., 2007). Visual and 

visuospatial abilities have also been linked to diminished working memory and attentional 

functioning due to MCI (Derbie et al., 2022; Alescio-Lautier et al., 2007; Saunders & Summers, 

2010). 

In terms of attention and working memory, MCI individuals may exhibit difficulty 

focusing on specific stimuli as the ability to ignore or control distracting information diminishes 

(Sakai et al., 2002). The interference within that process due to lack of attention and inhibitory 

control ultimately diminishes working memory and impairs the ability to recall the information 

either subsequently or later (Sakai et al., 2002). Studies have indicated notable deficits in 

working memory, as well as executive functioning due to MCI, specifically multi-domain 

subtypes (Klekociuk et al., 2014) 
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Executive functioning deficits include difficulties with planning, problem solving, and 

multi-tasking as cognitive flexibility becomes more diminished (Guarino et al., 2019). Planning 

involves the organization of behavior to determine a goal, establish and carry out actions to the 

goal, and is an area of functionality that has been identified as one of the most impacted by MCI 

(Owen, 1997; Bailon et al., 2010). Problem solving has also evidenced notable dysfunction in 

MCI subjects (Brandt et al., 2009; Mueller et al., 2018). A previous study indicated aMCI 

patients who also exhibited frontal-executive dysfunction were at a higher risk of converting to 

dementia compared to profiles of aMCI with language or visuospatial dysfunction (Jung et al., 

2020). 

Psychomotor functioning consists of motor responses, as well as attention and problem-

solving abilities (Harvey & Mohs, 2001). Perceptuomotor and decision processes are susceptible 

to MCI and result in psychomotor slowing (Bailon et al., 2010). Assessment tools that measure 

motor/psychomotor functioning are effective in identifying MCI in the elderly population and are 

not impacted by level of education (Kluger et al., 2008). Thus, motor/psychomotor assessment 

measures may be more effective in determining MCI in a broader older adult population, as 

opposed to verbal measures that may be impacted by educational attainment (Kluger et al., 

2008). 

Progression of AD is slow and gradual, with an insidious onset (Mueller et al., 2018). 

Short-term memory and difficulty remembering newly learned information becomes more 

noticeable with AD (Apostolova, 2016). Retrograde, or remote, memories generally remain 

intact, while anterograde, or recent, memory, specifically episodic memories, become even more 

impaired (Apostolova, 2016). In intermediate to severe stages of AD, individuals may exhibit 

word finding difficulties and display impaired performance on fluency and confrontation naming 
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tasks (Pistono et al., 2021). Communication may become severely impacted in later stages 

(Mueller et al., 2018). Inhibitory processes may also exhibit dysfunction resulting in decreased 

control of thoughts, behaviors, and emotions (Guarino et al., 2019). 

Use of Neuropsychological Assessment in Detection of MCI 

Clinical assessment measures are utilized to evaluate the functional status of several 

cognitive domains by assessing performance based on age, gender, education, and other 

demographic characteristics. Neuropsychological tests also assist with determining diagnostic 

classification of various cognitive profiles and presentations (e.g., cognitively normal versus 

MCI). The MoCA and CBB are cognitive screeners designed to quantitatively measure an 

individual’s abilities across several domains of functioning to evaluate for indications of 

impaired performance that may be reflective of MCI. 

In-Person Assessment: MoCA 

The MoCA detects impairments in various areas of cognition often associated with MCI 

and dementia. It evaluates eight different domains including visuospatial/executive functioning, 

naming, memory, attention, language, abstraction, delayed recall, and orientation. The MoCA 

was designed to be sensitive enough to detect MCI and other disorders due to its inclusion of 

various cognitive domains that are susceptible to decline as a result of dementia and other 

diseases or disorders (Nasreddine et al., 2005). When compared to similar measures, such as the 

Mini Mental Status Examination (MMSE; Folstein et al. 1975), and evaluated based on 

credibility in identifying MCI, the MoCA has consistently demonstrated notable sensitivity and 

specificity (Ciesielska et al., 2016; Smith et al., 2007). 

The MoCA may also be useful to evaluate impairments that are consistent with reduced 

hippocampal volume consistent with MCI as indicated on structural MRI. Studies have indicated 
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lower MoCA scores correlated with decreased hippocampal volume measured using high-

resolution structural MRI when controlling for sex and education (O’Shea et al., 2016). An 

additional study consisting of participants with cognitive dysfunction indicated significant 

correlations between lower MoCA scores and decreased hippocampal volume (r = 0.36-0.41, p < 

0.001), specifically when considering delayed recall and Memory Index Scores, consisting of the 

cued recall and recognition part of the delayed recall domain (Ritter et al., 2017). 

Longitudinal studies such as the Alzheimer’s Disease Neuroimaging Initiative (ADNI; 

Weiner et al., 2017), utilize the in-person version of the MoCA, which is administered at 

baseline and in follow-up testing sessions to longitudinally evaluate cognitive status. Even 

though the MoCA is comprised of several functional domains, it is often utilized as a screening 

tool to evaluate overall cognitive dysfunction by generating a total score (Nasreddine et al., 

2005). Only the total score is considered when evaluating cognitive status, rather than 

performance on domain-specific activities. Thus, the MoCA does not have the ability to 

determine the etiology for cognitive impairment and rather confirms or rejects evidence of 

overall cognitive dysfunction (Wood et al., 2020). 

As with all in-person evaluation methods, there is always potential for deviations from 

standardization due to administration and scoring error (Öhman et al., 2021). An electronic 

version of the MoCA has recently been developed that may help to alleviate some human-prone 

errors, though the in-person administration method is still frequently utilized in a variety of 

contexts and settings (Berg et al., 2018). While the MoCA has been stablished as a sensitive 

measure in the detection of MCI and is supported to be correlated with decreased hippocampal 

volume consistent with MCI, there is currently a lack of evidence when comparing the in-person 
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administration method of the MoCA to an electronic assessment measure, such as the CBB, to 

assess how performance may predict hippocampal volume and diagnostic clarification of MCI. 

Electronic Assessment: CBB 

The CBB was created by Cogstate Ltd., a neuroscience technology company the mission 

of which is to develop clinical assessments that can be delivered to patients electronically to 

replace the more expensive and “error-prone” paper assessments (see www.cogstate.com). 

Administration of the CBB takes place on a computer, tablet, or another electronic device. The 

CBB consists of four subtests that assess functioning in psychomotor, attention, visual learning, 

and working memory domains. The subtests are grouped into two distinct composites referred to 

as the psychomotor function/attention and learning/working memory composites. While the CBB 

renders an overall score, the psychomotor function/attention and learning/working memory 

composite scores are also taken into consideration when evaluating domain-specific dysfunction 

(Darby et al., 2012). 

The CBB was designed to detect memory impairment resembling that of MCI (Maruff et 

al., 2013). Research supports the use of the CBB as a valid and reliable measure across a variety 

of clinical settings (Darby et al., 2012; Gagnon & Laforce, 2016). The CBB has also 

demonstrated sensitivity in detecting impairments due to neurodegenerative disorders and 

disease (Darby et al., 2009; Hammers et al., 2012; Lim et al., 2012a). Specifically, the learning 

and working memory composite score was noted to correlate well with memory impairments, 

including MCI and AD (Maruff et al., 2013). 

Utilization of the CBB as a screener for cognitive status was recently introduced into the 

third rollout for the ADNI study. A pilot evaluation was conducted to determine if the CBB 

rendered valid and reliable results given that the administration process occurs either supervised 
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in-clinic or unsupervised, at the participants home (Edgar et al., 2021). The results of the pilot 

study supported the feasibility of the CBB to distinguish cognitive status and determine MCI 

diagnoses when compared to healthy controls (Edgar et al., 2021). The study also indicated that 

the results were consistent across settings, specifically in-clinic supervised administration or 

unsupervised at-home testing (Edgar et al., 2021). 

The CBB has also demonstrated correlations with biomarkers consistent with MCI due to 

AD. Specifically, the CBB correlated with amyloid levels and volume of the hippocampus in the 

MCI stage (Lim et al., 2016). However, the CBB was not specifically intended to be a measure 

for differentiating profiles of cognitive impairment or to be relied on as a tool for diagnosing 

dementia. Rather, the CBB was designed to evaluate improvement or decline in cognitive 

functioning (Lim, et al., 2012; Mielke et al., 2015). The ability to accurately detect shifts in 

cognitive profiles (e.g., normal cognition versus MCI) is still being developed (Lim, et al., 2012; 

Mielke et al., 2015). 

Additional investigation is necessary to assess the predictive strength of the CBB as it 

pertains to features of neurodegeneration, such as decreased hippocampal volume, as well as 

ensuring diagnostic sensitivity in the detection of MCI. Furthermore, considering the increased 

use of computerized psychological and neuropsychological assessment measures, more research 

is warranted into the feasibility of the CBB with a variety of populations and settings compared 

to other well-established and reliable assessments such as the MoCA. 

Statement of the Problem 

Hippocampal atrophy and cognitive decline are hallmarks of AD. Progressive 

neurodegeneration due to AD gradually deteriorates cognitive functioning and impacts quality of 

life. To better determine appropriate methods for intervention and monitoring of disease 
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progression, previous research addresses the significance of early detection, which can be 

achieved by accurately identifying MCI. Diagnostic clarification of MCI is often achieved by 

structural MRI to evaluate biomarkers, such as loss of subcortical hippocampal volume. 

Neuropsychological assessment tools, such as the MoCA and CBB, also provide a measure of 

cognitive decline consistent with MCI. However, there is a gap in research that evaluates the use 

of an in-person versus electronic cognitive screener in an older adult population where the 

probability of MCI is much more substantial compared to younger populations. Further research 

is also needed to evaluate the individual ability of an in-person versus electronic cognitive 

screener to be a predictor of decreased subcortical hippocampal volume. In addition, there is a 

lack of research that comparatively evaluates both the MoCA and CBB with regard to the ability 

of these measures in determining group membership, specifically a cognitively normal or MCI 

profile, in a cohort of older adults. 

Purpose of the Study 

The purpose of this study was to observe how well performance on in-person and 

electronic cognitive screener, such as the MoCA and CBB, predicts subcortical hippocampal 

volume measured via structural MRI, in an older adult population consisting of various cognitive 

profiles. Furthermore, this study sought to identify which cognitive screener is more sensitive in 

detecting group membership based on the diagnostic classifications of cognitively normal and 

MCI. 

Significance of the Study 

This study provided a greater understanding about the predictive strength of two 

cognitive screeners administered either in-person or electronically to further evaluate usefulness 

in the detection of biomarkers, such as loss of hippocampal volume, which may be apparent in 
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MCI, a potentially prodromal stage of AD. This study contributes additional information 

pertaining to which administration method (i.e., in-person versus electronic) and which cognitive 

screener (i.e., MoCA or CBB) may be most appropriate when evaluating cognitive status to 

determine a cognitively normal or MCI profile in an older adult population. 

Hypotheses 

After a review of the literature, a quasi-experimental cross-sectional approach was used 

to examine the following research questions and hypotheses: 

1. Research Question 1: How well do cognitive screeners, including the MoCA and CBB, 

predict subcortical hippocampal volume measured via structural MRI while controlling 

for the individual effects of age, education, ethnicity, race, depression scores, and APOE 

ɛ4 status? 

a. Null Hypothesis: There will be no significant difference between the results from 

the MoCA and CBB when looking at subcortical hippocampal volume via 

structural MRI in participants from the ADNI3 while controlling for the effects of 

age, education, ethnicity, race, depression scores, and APOE ɛ4 status. 

b. Alternative Hypothesis (1): There will be a significant difference between the 

results from the MoCA and CBB when looking at subcortical hippocampal 

volume via structural MRI in participants from the ADNI3 while controlling for 

the effects of age, education, ethnicity, race, depression scores, and APOE ɛ4 

status. 

i. Alternative Hypothesis (2): Performance on the MoCA will better predict 

subcortical hippocampal volume measured via structural MRI in 
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participants from the ADNI3 while controlling for the effects of age, 

education, ethnicity, race, depression scores, and APOE ɛ4 status. 

2. Research Question 2: Is the MoCA or CBB a more sensitive measure in the detection of 

cognitively normal or MCI while controlling for the individual effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status? 

a. Null hypothesis: Neither the MoCA or CBB will predict group membership to the 

diagnostic classifications of cognitively normal and MCI in participants from the 

ADNI3, better than the other while controlling for the effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status. 

b. Alternative hypothesis (1): The MoCA will predict group membership to the 

diagnostic classifications of normal cognition and MCI, better than the CBB in 

participants from the ADNI3 while controlling for the effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status. 

i. Alternative hypothesis (2): The MoCA will be more sensitive than the 

CBB in detecting group membership specifically for the diagnostic 

classification of MCI in participants from the ADNI3 while controlling for 

the effects of age, education, ethnicity, race, depression scores, and APOE 

ɛ4 status. 

First it was hypothesized that there would be a difference in the predictive strength of the 

MoCA compared to the CBB when evaluating subcortical hippocampal volume. Specifically, it 

was proposed that the MoCA was a better predictor of subcortical hippocampal volume when 

compared to the CBB. Second, it was hypothesized that the MoCA would be a more sensitive 

measure than the CBB in determining group membership to the diagnostic classifications of 
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cognitively normal and MCI. Furthermore, it was hypothesized that the MoCA would better 

detect group membership for the specific diagnostic classification of MCI rather than a 

cognitively normal profile.  
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CHAPTER II: METHODS 

The current study was approved by the Institutional Research Review Board (IRRB) at 

National Louis University (NLU), in accordance with IRRB NLU and Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) regulations regarding research. All data utilized in this study 

were current as of February 10th, 2023. 

Participant Characteristics 

Data from the ADNI database (adni.loni.usc.edu) were utilized to create a dataset for this 

specific study consisting of 445 older adult participants. The ADNI was launched in 2003 as a 

public-private partnership, led by Principal Investigator Michael W. Weiner, MD. The primary 

goal of ADNI has been to test whether serial magnetic resonance imaging (MRI), PET, other 

biological markers, and clinical and neuropsychological assessment can be combined to measure 

the progression of MCI and early AD. The current study consists of data from participants in the 

ADNI3 study that was initiated in 2016. 

ADNI enrolls participants between the ages of 55 and 90 who are recruited at 59 sites in 

the United States and Canada. All participants voluntarily elected to participate in the ADNI 

study and were enlisted via traditional recruitment strategies, such as brochures and flyers, as 

well as the ADNI website and phone number and referrals from the Brain Healthy Registry. No 

identifying participant information was given to the authors and participants were provided 

informed consent regarding use of their data for research purposes at initial enrollment into the 

ADNI study. 

Participants were required to meet inclusion criteria specific to newly enrolled 

participants and rollover participants outlined in ADNI protocols (see Appendix A). Exclusion 

criteria specific to this study included participants who met criteria for dementia. Thus, only 
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participants who met diagnostic classifications for cognitively normal or MCI were included. 

Exclusion criteria also included participants who failed MRI scans or were missing information 

such as measures of hippocampal volume, MoCA scores, and CBB scores. 

Criteria for Cognitively Normal or MCI Diagnostic Classification 

All participants underwent a screening evaluation consisting of the MMSE, Clinical 

Dementia Rating (CDR; Hughes et al., 1982), and Logical Memory II subscale from the 

Wechsler Memory Scale—Revised (Wechsler, 1987). Distinct cutoff scores were established by 

ADNI for each measure to aid in diagnostic classification of cognitively normal or MCI. The 

MMSE is a trusted screener of cognitive impairment consisting of several functional domains 

(Ciesielska et al., 2016). The Clinical Dementia Rating (CDR) scale is another reliable measure 

of global cognitive function that encompasses a thorough semi-structured interview format 

administered to the participant and an informant (Morris, 1993). Scoring for the CDR consists of 

a scaling system of 0 = Normal, 0.5 = Very Mild Dementia, 1 = Mild Dementia, 2 = Moderate 

Dementia, and 3 = Severe Dementia (Morris, 1993). A score of 0 indicates no dysfunction and 

0.5 is indicative of Questionable dysfunction regarding memory, orientation, judgement and 

problem solving, community affairs, home and hobbies, and personal care (Morris, 1993). A 

score of 0 in the Memory Box of the CDR indicates no memory loss or slight inconsistent 

forgetfulness, whereas a score of 0.5 indicates consistent slight forgetfulness, partial recollection 

of events, and “benign” forgetfulness (Morris, 1993). Furthermore, logical Memory II is a 

measure of verbal episodic memory with scores based on education-adjusted cutoffs (Petersen et 

al., 2010).  

Specifically, ADNI3 criteria for a diagnostic classification of cognitively normal was 

determined by a report or no report of subjective memory complaints confirmed by a collateral 
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informant, scores greater than education adjusted cutoffs on the Logical Memory II subscale (> 9 

for 16+ years of education; > 5 for 8-15 years of education; > 3 for 0-7 years of education), 

MMSE score between 24-30, CDR and Memory Box scores of 0, no evidence of significant 

impairment for ADLs and cognitive functioning, and stability of permitted medications for at 

least four weeks. Diagnostic criteria for MCI included subjective memory concern by the 

participant or confirmed by a collateral source, scores below education adjusted cutoffs on the 

Logical Memory II subscale (< 11 for 16+ years of education; < 9 for 8-15 years of education; < 

6 for 0-7 years of education), MMSE score between 24-30, CDR and Memory Box scores of at 

least 0.5, ADLs and cognitive functioning well-maintained with no evidence to suggest an AD 

diagnosis, and stability of permitted medications for at least four weeks.  

While some of the cutoff scores on the MMSE, CDR, and Logical Memory II measures 

overlap, much of the diagnostic classification weighs on the participants’ ability to maintain 

ADLs and whether there is report of a subjective memory complaint, as indicated on the CDR, 

and reported by the participant and/or their collateral informant. Diagnostic determination is also 

considered by a group of project investigators at each site who collaboratively review 

background information and test results to ensure the most appropriate diagnosis is afforded for 

each participant. Furthermore, the MoCA and CBB are part of an exhaustive list of psychological 

measures that are administered at baseline testing aimed to further confirm or redetermine 

diagnostic certainty.  

Descriptive Statistics 

Of the 445 participants included in this study, 242 were female (54.4%) and 203 were 

male (45.6%). The sample consisted of 299 CN participants (67.2%) and 146 MCI participants 

(32.8%). The average age was 77, with a minimum of 58 years and a maximum of 97 years. 
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Regarding race, 383 participants identified as White (86.1%), 36 participants identified as Black 

or African American (8.1%), 12 participants identified as Asian (2.7%), 9 identified as 

Multiracial (2.0%), 2 identified as American Indian or Alaskan Native (0.4%), and 3 participants 

indicated their race as Unknown (0.7%). As for ethnicity, 418 participants identified as Not 

Hispanic or Latino (93.9%), 25 identified as Hispanic or Latino (5.6%), and 2 participants 

indicated their race as Unknown (0.4%). Regarding level of education, the average amount of 

school completed among participants was 16 years, with a minimum of 8 years and a maximum 

of 20 years. Refer to the frequencies and percentages for participant characteristics in Table 1. 

Table 1 

Demographics of Study Sample  
 Total 

n = 445 
Cognitively 

Normal 
n = 299 

MCI 
n = 146 

p-
value 

Mean age (SD) in years 77 (7.82) 77 (7.64) 77 (8.17) 0.73 
Mean education (SD), in years  16 (2.39) 16.74 (2.27) 16.13 (2.58) 0.28 
Gender (%)    0.78 

Female 242 (54.38%) 184 (41.35%) 58 (13.03%)  
Male 203 (45.62%) 115 (25.84%) 88 (19.78%)  

Race (%)    0.06 
White 383 (86.07%) 256 (57.53%) 127 (28.54%)  
Black or African American 36 (8.09%) 25 (5.62%) 11 (2.47%)  
Asian 12 (2.70%) 9 (2.02%) 3 (0.67%)  
Multiracial  9 (2.02%) 6 (1.35%) 3 (0.67%)  
American Indian or Alaskan Native  2 (0.45%) 2 (0.45%) 0 (0.00%)  
Unknown 3 (0.67%) 1 (0.22%) 2 (0.45%)  

Ethnicity (%)    0.67 
Not Hispanic or Latino 418 (93.93%) 281 (63.15%) 137 (30.79%)  
Hispanic or Latino 25 (5.62%) 17 (3.82%) 8 (1.80%)  
Unknown  2 (0.45%) 1 (0.22%) 1 (0.22%)  

Mean GDS scores (SD) 1.21 (1.58) 0.86 (1.38) 1.91 (1.72) 0.52 
Positive APOE ɛ4 status (%) 134 (33.67%) 86 (21.61%) 48 (12.06%) 0.78 

Note. SD = standard deviation. 
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Procedures 

After obtaining informed consent, ADNI3 participants undergo a series of initial tests that 

are repeated at yearly or biyearly intervals over subsequent years, including a clinical evaluation, 

neuropsychological tests, genetic testing, lumbar puncture, MRI, and PET. For the purposes of 

this study, the data of participants who met criteria for a classification of cognitively normal and 

MCI were investigated, specifically utilizing neuropsychological tests assessing cognitive status, 

including the MoCA and CBB, in addition to structural MRI results. Scores on the MoCA and 

CBB, as well as subcortical hippocampal volume (i.e., total volume of both the left and right 

hippocampus), obtained during the participants’ baseline in-clinic visit at the start of the rollover 

to ADNI3, were cross-sectionally analyzed. MoCA and CBB scores, as well as hippocampal 

volume, were represented numerically. Qualitative data utilized in statistical analyses (e.g., 

gender, ethnicity, diagnosis) were also numerically coded. 

Structural MRI 

The participants underwent structural MRI at in-clinic baseline testing to obtain a sagittal 

volumetric measurement of the left and right hippocampi. Imaging was conducted on 3T 

scanners from three different scanner manufacturers including General Electric Healthcare, 

Siemens Medical Solutions, and Philips Medical Systems. The parameters for the T1 weighted 

magnetization prepared rapid gradient echo included TR = 2300 ms, TE = min full echo, TI =900 

ms, FOV of 208x240x256mm at 1x1x1mm voxel size. The T1 sequence time totaled 6 minutes 

and 20 seconds. 

Cortical reconstruction and volumetric segmentation were performed using Freesurfer 6.0 

image analysis suite, which is documented and freely available for download online 

(http://surfer.nmr.mgh.harvard.edu/). FreeSurfer utilized a multi-step process consisting of 
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several algorithms to provide an analysis of the images and quantify the structural properties of 

the hippocampi for each participant (Fischl, 2012). FreeSurfer utilized images to develop an atlas 

representative of a healthy brain and its structures. Images are evaluated concerning the degree to 

which they deviate from a healthy brain and volume is established based on the macroscopic 

models of the brain structures in question (Fischl et al., 1999, 2012). 

Step one of processing the images included motion correction removal of non-brain tissue 

using a hybrid watershed/surface deformation procedure (Reuter et al., 2010; Segonne et al., 

2004), Step one also includes Talairach transform computation, which utilizes a coordinate 

system to create a map of the brain based on the input volume (Fischl, 2012). Intensity 

normalization skull strip is also included in processing step one, which consisted of isolating the 

brain from extracranial or non-brain tissues (Kalavathi & Prasath, 2016). Step two consisted of 

creating the white-matter and pial surfaces, then segmenting the grey and white matter, as well as 

the subcortical regions (Fischl, 2012). The third step involved cortical parcellation, a technique 

where each location on the cortical surface was assigned a neuroanatomical label (Fischl, 2012). 

The images are also evaluated based on the level of quality and utility. Good overall 

segmentation warranted a passing scan, and the data were added to the dataset. A failed scan was 

usually due to poor image quality, issues with registration, a processing error, or gross 

misestimation of the hippocampus (Hartig et al., 2014). Therefore, scans indicated as “fail” were 

excluded from statistical analysis. This study calculated total subcortical hippocampal volume by 

adding the reported volume of the left and right hippocampi. 

MoCA 

The MoCA is a brief 30-point assessment primarily utilized in clinical settings to rapidly 

evaluate cognitive functioning (Nasreddine et al., 2005). Participants were asked to complete 
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several tasks to evaluate skill areas consisting of visuospatial/executive functioning, naming, 

memory, attention, language, abstraction, delayed recall, and orientation. Executive functioning 

was assessed by an alternate trail-making task, consisting of drawing a line from a number to a 

letter in ascending order. Visuoconstructional skills were evaluated based on accurate 

construction of a cube and a clock. Participants were asked to identify three animals as a measure 

of confrontation naming. To evaluate memory, participants were read a list of five words and 

were asked to recall the list of words after a short delay. Optional categories or multiple-choice 

cues were given to participants if they could not recall words from the list, though no points were 

awarded for correct answers if a cue was given. 

Digit span tasks consisting of repeating a sequence of numbers and repeating them in 

backward order were administered to evaluate attention. Vigilance, an additional measure of 

attention, was evaluated by asking participants to tap their finger every time the letter “A” was 

stated in a series of letters. To assess working memory, participants subtract 7 from 100 and so 

on for 5 trials. Language skills were measured via the participants’ ability to repeat short 

sentences without errors and by stating several words beginning with a certain letter under a time 

constraint. Abstraction was assessed by comparing two words and stating how they are similar. 

Participants were additionally evaluated on several aspects of orientation, including time and 

place. 

The MoCA has consistently shown sensitivity to aid in the differentiation of cognitive 

profiles, specifically MCI. The MoCA underwent a validation study where it was compared to 

the MMSE for its sensitivity and specificity in a group of English- and French-speaking 

participants who were categorized based on the diagnostic classifications of normal control, 

MCI, and mild AD (Julayanont et al., 2014). The MoCA exhibited 90% sensitivity in identifying 
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MCI (Julayanont et al., 2014). The internal consistency of the MoCA was found to be adequate 

with a Cronbach’s alpha of 0.83 and test-retest reliability was 0.92 (Julayanont et al., 2014). The 

MoCA has maintained its reliability with more recent studies also indicating adequate internal 

consistency of this measure with a Cronbach’s alpha of .76 (Dautzenberg et al., 2020). 

ADNI3 participants were administered the MoCA in-clinic at baseline testing via an in-

person format to establish diagnostic classification based on the participants’ performance. Each 

task completed correctly by the participant yielded 1 point with a maximum of 30 points. An 

overall score equal to or greater than 26 was considered cognitively normal, whereas a total score 

equal to or lower than 25 indicated cognitive dysfunction ranging from mild to severe. One point 

was added to the total score if the participant’s level of education was ≤ 12 years. For this study, 

the total raw score of the MoCA was utilized in the statistical analyses. 

Cogstate Brief Battery 

The CBB is a computerized instrument that can be administered in supervised and 

unsupervised contexts. Research supports the CBB as a valid, reliable, efficient, and sensitive 

measure for identifying cognitive decline in older adults in supervised and unsupervised settings 

(Darby et al., 2014). The CBB also exhibits sound test-retest reliability with a Cronbach’s alpha 

of .70 (Darby et al., 2014). The CBB comprises four subtests that assess cognitive status and 

functioning in the domains of psychomotor function, attention, visual learning, and working 

memory. The four subtests consist of detection (DET), identification (IDN), one-card learning 

(OCL), and one-back (ONB). Utilizing a game-like format on an electronic device, participants 

completed a series of activities with playing card stimuli where they were required to either 

respond “Yes” or “No” (Edgar et al., 2021). 
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For DET, participants pressed “Yes” as soon as they observed a joker when a card was 

turned face-up. DET was a measure of psychomotor function. In the IDN test, either red or black 

joker cards were displayed. Participants were asked to respond “Yes” if the face-up card was red 

or “No” if the card was not red. IDN was utilized as a measure of visual attention. DET and IDN 

comprised the psychomotor function/attention composite from the CBB that incorporates 

reaction time as the primary outcome measure. Average reaction time—in milliseconds—was 

averaged for all correct responses made by participants, and a base 10 logarithmic transformation 

was conducted to normalize the distribution (Edgar et al., 2021). 

OCL is a visual recognition and pattern separation measure assessed through continuous 

visual learning. In this test, participants selected “Yes” if the face-up card was presented to them 

before and “No” if the card had not been previously presented. ONB utilizes a similar format, 

though participants were asked to respond “Yes” if the face-up card was the same as the card 

presented right before or “No” if the face-up card was different from the card presented 

immediately before. ONB is a measure of working memory that incorporates features from N-

back tasks. OCL and ONB make up the learning/working memory composite from the CBB with 

accuracy as the outcome measure. The number of accurate responses made by participants was 

expressed as a ratio of all the trials attempted, and an arcsine transformation was conducted to 

normalize the distribution (Edgar et al., 2021). 

ADNI3 participants were administered the CBB at in-clinic baseline testing via 

computerized testing to establish diagnostic classification based on the participants’ 

performance. Two overall composite scores were derived from the subtests. The psychomotor 

function/attention composite includes the DET and IDN tests and incorporates reaction time as 

the outcome measure relative to age-matched normative data. The learning/working memory 
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composite from the CBB incorporates accuracy as the outcome measure from the OCL and ONB 

tests relative to age-matched normative data. An overall score lower than 81 for either composite 

is classified as abnormal and indicates cognitive impairment consistent with MCI or more severe 

dysfunction. Overall scores equal to or greater than 81 are considered cognitively normal. For 

this study, the total scores on the psychomotor function/attention and learning/working memory 

composites from the CBB were utilized in the statistical analyses. 

Statistical Analysis 

The Jamovi platform (Version 2.3.21) was utilized for all statistical analyses. A quasi-

experimental, cross-sectional approach was conducted to explore associational relationships for 

two research questions. Prior to the analyses, chi-square tests for independence were utilized to 

evaluate for significant differences in demographic information, including age, gender, ethnicity, 

race, level of education, diagnosis (i.e., cognitively normal or MCI), depression scores, and 

APOE ɛ4 status between two groups of participants. The groups consisted of participants who 

either met inclusion criteria for subcortical hippocampal volume versus participants who were 

excluded from the study due to having failed or missing measurements of subcortical 

hippocampal volume. The following variables were also included in subsequent analyses to 

control for possible confounding factors and individual differences: age (years), level of 

education (years), ethnicity, race, depression scores (scores from the Geriatric Depression Scale), 

and APOE ɛ4 status (ɛ4 carrier or no). 

A multiple regression was utilized to evaluate the predictive power of the MoCA and 

CBB scores for subcortical hippocampal volume, as well as to assess the relative contribution for 

each of the individual variables. Additionally, a binomial logistic regression was conducted to 

assess the predictive outcome and relative contribution of total MoCA scores and total CBB 
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scores for diagnostic classification (i.e., cognitively normal or MCI). The following hypotheses 

were statistically analyzed:    

1. Research Question 1: How well do cognitive screeners, including the MoCA and CBB, 

predict subcortical hippocampal volume measured via structural MRI while controlling 

for the individual effects of age, education, ethnicity, race, depression scores, and APOE 

ɛ4 status? 

a. Null Hypothesis: There will be no significant difference between the results from 

the MoCA and CBB when looking at subcortical hippocampal volume via 

structural MRI in participants from the ADNI3 while controlling for the effects of 

age, education, ethnicity, race, depression scores, and APOE ɛ4 status. 

b. Alternative Hypothesis (1): There will be a significant difference between the 

results from the MoCA and CBB when looking at subcortical hippocampal 

volume via structural MRI in participants from the ADNI3 while controlling for 

the effects of age, education, ethnicity, race, depression scores, and APOE ɛ4 

status. 

c. Alternative Hypothesis (2): Performance on the MoCA will better predict 

subcortical hippocampal volume measured via structural MRI in participants from 

the ADNI3 while controlling for the effects of age, education, ethnicity, race, 

depression scores, and APOE ɛ4 status. 

i. IV: Total scores (two levels) 

1. Total score on the MoCA 

2. Total score on the CBB 

a. Psychomotor Function/Attention Composite Score 
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b. Learning/Working Memory Composite Score 

ii. DV: Total subcortical hippocampal volume 

1. Continuous scale: Higher values = more total subcortical 

hippocampal volume; Lower values = less total subcortical 

hippocampal volume 

iii. Covariates: age (years), level of education (years), ethnicity, race, 

depression (scores from Geriatric Depression Scale), and APOE ɛ4 status 

(ɛ4 carrier or no). 

d. Statistical analysis: Multiple regression 

2. Research Question 2: Is the MoCA or CBB a more sensitive measure in detecting 

cognitively normal or MCI while controlling for the individual effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status? 

a. Null Hypothesis: Neither the MoCA nor CBB will predict group membership to 

the diagnostic classifications of cognitively normal and MCI better than the other 

in participants from the ADNI3 while controlling for the effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status. 

b. Alternative Hypothesis (1): The MoCA will predict group membership to the 

diagnostic classifications of cognitively normal and MCI better than the CBB in 

participants from the ADNI3 while controlling for the effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status. 

c. Alternative Hypothesis (2): The MoCA will be more sensitive than the CBB in 

detecting group membership specifically for the diagnostic classification of MCI 



33 

 

in participants from the ADNI3 while controlling for the effects of age, education, 

ethnicity, race, depression scores, and APOE ɛ4 status. 

i. IV: Total scores (two levels) 

1. Total score on the MoCA 

2. Total score on the CBB 

a. Psychomotor Function/Attention Composite Score 

b. Learning/Working Memory Composite Score 

ii. DV:  Diagnosis (two categorical levels) 

1. Cognitively Normal 

2. Mild Cognitive Impairment (MCI) 

iii. Covariates: age (years), level of education (years), ethnicity, race, 

depression (scores from Geriatric Depression Scale), and APOE ɛ4 status 

(ɛ4 carrier or no). 

d. Statistical analysis: Binomial logistic regression 

Power 

Power estimations were conducted to measure the sensitivity of the hypotheses in this 

study to detect a “real effect” of the independent variables and to determine the probability that 

the results of this study would allow for the rejection of the null hypothesis. The software 

G*Power 3.1.9.7. was utilized to estimate power. A medium effect size was set as 0.15, with an 

alpha of 0.05 and power set as 0.80 for each hypothesis. It was determined that a minimum of 78 

participants was required to meet the standards outlined above. Therefore, the statistical power of 

this study was sufficient, given the sample size of 445 participants. 
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CHAPTER III: RESULTS 

Preliminary Analyses 

Chi-Square Analysis 

Participants who had failed or missing data regarding the subcortical volume of the 

hippocampus were excluded from the dataset. Chi-square tests of independence were utilized to 

compare the proportion of participants who met inclusion criteria versus those who were 

excluded. Each proportion of participants was compared based on general demographics. Chi-

square tests for independence indicated no significant association between any of the variable 

proportions evaluated, including age, ethnicity, level of education, diagnosis, depression scores, 

or APOE ɛ4 status (see Table 1). Therefore, the findings supported homogeneity, and the 

proportion of participants with reported hippocampal volume was not significantly different from 

the proportion of participants with failed or missing subcortical hippocampal volume. 

Frequencies for Dependent Variables Split by Diagnosis 

Binomial logistic regression was conducted to evaluate the predictive strength of the 

MoCA and CBB pertaining to the classification of cognitively normal or MCI. The analysis 

involves diagnosis as a dependent variable, which is categorical and dichotomous. Of the 445 

participants in this study, 299 (67%) were classified as cognitively normal, and 146 (32%) met 

the criteria for MCI. Frequencies for total subcortical hippocampal volume, MoCA scores, and 

CBB scores (i.e., psychomotor function/attention and learning/working memory composite 

scores from the CBB) were split by diagnosis and evaluated based on measures of central 

tendency (see Table 2). 
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Table 2 

Frequencies for Dependent Variables Split by Diagnosis 

  Diagnosis 

Total 
Subcortical 

Hippocampal 
Volume 

MoCA 
Scores 

CBB Psychomotor 
Function/Attention 
Composite Scores 

CBB 
Learning/Working 

Memory 
Composite Scores 

Total  Cognitively 
normal  299  299  299  299  

   MCI  146  146  146  146  

Mean  Cognitively 
normal  7583. 06  26.22  96.40  103.47  

   MCI  7112.05  23.12  91.75  94.99  

Median  Cognitively 
normal  7537.60  27.00  96.66  103.97  

   MCI  7199.20  23.00  93.20  95.54  

Mode  Cognitively 
normal  6215.30 * 27.00  56.85 * 106.95 * 

   MCI  4408.80 * 24.00  45.69 * 106.61 * 

Note. * = More than one mode exists; only the first is reported. 

Assumption Testing 

Preliminary analyses were performed for all variables to ensure no violation of the 

assumptions of the level of measurement, random sampling, independence of observation, 

normal distribution, and homogeneity of variance. The level of measurement assumption was 

satisfied considering the variables of total subcortical hippocampal volume, MoCA, and CBB 

scores (i.e., psychomotor function/attention and learning/working memory composite scores) are 

all continuous. Participants with missing data for any of the variables were extracted from the 

study. Therefore, the assumption for related scores was met for each variable. The two 

assessments (i.e., MoCA and CBB) were independently completed by the participants, and only 

one volumetric amount was provided for the left and right hippocampi, comprising the variable 
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of total subcortical hippocampal volume. It is assumed that the scores and measurements for 

each participant were in no way influenced by or related to the scores and measurements of other 

participants. Therefore, the assumption criteria for the independence of observations were 

satisfied. 

A correlation matrix was conducted to check for correlations among the independent 

variables. There was a small, positive correlation between psychomotor function/attention 

composite scores and learning/working memory composite scores from the CBB (r = 0.22, n = 

445; see Table 3). There was a moderate, positive correlation between psychomotor 

function/attention composite scores from the CBB and MoCA scores (r = 0.35, n = 445; see 

Table 3). There was a moderate, positive correlation between learning/working memory 

composite scores from the CBB and MoCA scores (r = 0.44, n = 445; see Table 3). Overall, none 

of the coefficients exceeded .70 or were equal to 1.0 or −1.0, indicating that the absence of 

multicollinearity and singularity were both supported. Table 3 summarizes these findings. 

Table 3 

Correlation Matrix of Independent Variables 

  CBB Psychomotor 
Function/Attention 

CBB 
Learning/Working 
Memory 

MoCA 

CBB Psychomotor 
function/Attention  

Pearson’s r --   

 p-value  --   
 N --   
CBB 
Learning/Working 
memory  

Pearson’s r 0.22*** --  

 p-value < .001 --  
 N 445 --  
MoCA  Pearson’s r 0.35*** 0.44*** -- 
 p-value < .001 < .001 -- 
 N 445 445 -- 

Note. * p < .05, ** p < .01, *** p < .001. 
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Assumptions for Total Subcortical Hippocampal Volume 

Normality was assessed for total hippocampal volume. The mean, median, and mode for 

total hippocampal volume were observed to be slightly variable, with the most significant 

deviations observed pertaining to the mode (see Table 4). Skewness (−0.02) and kurtosis (0.24) 

were both less than 1 and evidenced normality (see Table 4). The Shapiro-Wilk test for total 

hippocampal volume was not statistically significant (p = 0.99). Therefore, the assumption of 

normality was supported (see Table 4). The histogram demonstrated a normal distribution, 

indicating normality (see Figure 1). The Q-Q plot displayed a reasonably straight line with 

minimal deviations. Therefore, normality was satisfied (see Figure 2). Four outliers were present 

in the box plot, though the extreme values did not evidence significant differences (see Figure 3 

and Table 5). Based on the information above, most of these factors represent a normal data 

distribution. Therefore, the assumption of normality for total subcortical hippocampal volume 

was met. 

Table 4 

Normality of Total Subcortical Hippocampal Volume Scores 

Variable Mean Median Mode Skewness Kurtosis Shapiro-
Wilk Test 

p 

Total subcortical 
hippocampal volume 

7429 7441 6215* −0.02 0.24 0.99 0.77 

Note. * More than one mode exists; only the first is reported. 
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Figure 1 

Histogram Showing the Distribution of Total 
Subcortical Hippocampal Volume Scores for 
the Total Sample 

 

Figure 2 

Normal Q-Q Plot for Total Subcortical 
Hippocampal Volume for the Total Sample 

 

Note. HV = hippocampal volume. 

Figure 3 

Boxplot Showing Outliers for Total Subcortical Hippocampal Volume Score for the Total Sample 

 
Note. HV = hippocampal volume. 
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Table 5 

Extreme Values of Total Subcortical Hippocampal Volume 

  Row Number Value 
Highest 1 12 10482 
 2 239 10466 
 3 123 9902 
 4 372 9897 
 5 426 9746 
Lowest 1 197 4409 
 2 71 4506 
 3 234 4956 
 4 201 5075 
 5 400 5127 

 

Assumptions for MoCA Scores 

Normality was assessed for the variable of MoCA scores. The mean, median, and mode 

for MoCA scores were acceptable, considering they were roughly similar and within a few points 

of each other (see Table 6). The skewness (−0.75) and kurtosis (0.95) were indicative of 

normality, considering they were both less than one (see Table 6). The Shapiro-Wilk test for total 

MoCA scores was statistically significant (p < .001). Therefore, the assumption of normality was 

not supported (see Table 6). The histogram for total MoCA scores was skewed left, which was a 

deviation from a normal distribution (see Figure 4). Furthermore, several points in the Q-Q plot 

were clustered, and some of the points did not fall along the given parameter (see Figure 5). 

However, the majority of data appear to fall normally. Therefore, the assumption was met for 

this factor. Five outliers were present in the box plot, indicating the presence of extreme scores 

(see Figure 6). However, the extreme values were relatively similar and were not indicative of 

significant differences (see Table 7). Based on the information above, most of the factors 

represented a normal distribution of the data. Therefore, the assumption of normality for MoCA 

scores was met. 
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Table 6 

Normality of MoCA Scores  

Variable Mean Median Mode Skewness Kurtosis Shapiro-
Wilk Test 

p 

MoCA Scores 25.21 25 27 −0.75 0.95 0.95 < .001 
 

Figure 4 

Histogram Showing Distribution of MoCA 
Scores for the Total Sample

  

 

Figure 5 

Normal Q-Q Plot for MoCA Scores for the 
Total Sample 
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Figure 6 

Boxplot Showing Outliers for MoCA Scores for the Total Sample 

 
Table 7 

Extreme Values of MoCA Scores 

  Row Number Value 
Highest 1 11 30 
 2 35 30 
 3 41 30 
 4 77 30 
 5 83 30 
Lowest 1 369 12 
 2 361 13 
 3 26 14 
 4 30 14 
 5 437 14 

 

A scatter plot displayed a straight line for MoCA scores when evaluating the relationship 

with total hippocampal volume, indicating that the assumption of linearity was met and a 

positive relationship between the variables (see Figure 7). Additionally, the scatter plot showed a 

relatively cigar-shaped distribution, therefore meeting the assumption of homoscedasticity (see 

Figure 7). 
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Figure 7 

Scatterplot Between Total Subcortical Hippocampal Volume and MoCA Scores 

 
Note. HV = hippocampal volume. 

Assumptions for CBB Psychomotor Function/Attention Scores 

Normality was assessed for psychomotor function/attention composite scores from the 

CBB. The mean and median were consistent, while the mode was considerably different. After 

investigating the reason for the inconsistency, it was determined that this variable had no 

repeating values. Given that each value was unique and only occurred once, this was recognized 

and reported by Jamovi as the “first mode” (see Table 8). As such, given that the mean and 

median are close in value, this assumption has been satisfied. Skewness (−0.88) was within 

normal limits, and normality was supported. However, the kurtosis was greater than 1 (1.78), 

which indicates a leptokurtic data set and violates this assumption of normality (see Table 8). Of 

note, the values for asymmetry and kurtosis between −2 and +2 are considered acceptable to 

prove normal univariate distribution (George & Mallery, 2010). The Shapiro-Wilk test for 

psychomotor function/attention composite scores from the CBB was statistically significant (p < 

.001). Therefore, the assumption of normality was not supported (see Table 8). The histogram 

was skewed slightly left, indicating the presence of extremely small values (see Figure 8). 

Several points along the Q-Q plot fell outside the given parameter, though the majority fell along 
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the line. Therefore, normality was satisfied (see Figure 9). Eight outliers were present in the box 

plot, though the extreme values were all relatively similar and did not appear to indicate 

significant differences (see Figure 10 and Table 9). Overall, most of these factors represent a 

normal distribution of the data and the assumption of normality for psychomotor 

function/attention composite scores from the CBB was met. 

Table 8 

Normality of CBB Psychomotor Function/Attention Composite Scores 

Variable Mean Median Mode Skewness Kurtosis Shapiro-
Wilk Test 

p 

Psychomotor 
function/attention composite 

scores 

94.87 95.46 45.69* −0.88 1.78 0.96 < .001 

Notes. * More than one mode exists. Only the first is reported. 

Figure 8 

Histogram Showing Distribution of CBB 
Psychomotor Function/Attention Composite 
Scores for the Total Sample 

 

Figure 9 

Q-Q Plot for CBB Psychomotor 
Function/Attention Composite Scores for the 
Total Sample 
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Figure 10 

Boxplot Showing Outliers for CBB Psychomotor Function/Attention Composite Scores for the 
Total Sample 

 
Table 9 

Extreme Values of CBB Psychomotor Function/Attention Composite Scores 

  Row Number Value 
Highest 1 292 119.30 
 2 120 115.73 
 3 263 115.19 
 4 382 114.89 
 5 252 114.54 
Lowest 1 417 45.69 
 2 107 52.55 
 3 287 53.20 
 4 101 56.85 
 5 444 61.81 

 

A scatter plot displayed a straight line when evaluating the relationship with total 

hippocampal volume, indicating that the assumption of linearity was met, in addition to a slightly 

positive relationship between the variables (see Figure 11). The scatter plot additionally showed 

a roughly cigar-shaped distribution, therefore meeting the assumption of homoscedasticity (see 

Figure 11). 
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Figure 11 

Scatterplot Between Total Subcortical Hippocampal Volume and CBB Psychomotor 
Function/Attention Composite Scores 

 

Note. HV = hippocampal volume. 

Assumptions for CBB Learning/Working Memory Composite Scores 

Normality was assessed for learning/working memory from the CBB. The mean, median, 

and mode of the learning/working memory composite scores from the CBB were observed to be 

slightly variable, with the most significant deviations observed pertaining to the mode (see Table 

10). Normality was indicated with both skewness (−0.49) and kurtosis (0.02; see Table 10). The 

Shapiro-Wilk test for learning/working memory scores from the CBB was statistically significant 

(p < .001). Therefore, the assumption of normality was not supported (see Table 10). The 

histogram displayed a relatively normal distribution, indicating normality (see Figure 12). The 

Q-Q plot displayed a reasonably straight line with only slight deviations, satisfying normality 

(see Figure 13). A boxplot indicated that six values exceeded the norm (see Figure 14). The 

extreme values of the learning/working memory scores from the CBB were all relatively similar 

and did not appear to indicate significant differences (see Table 11). Overall, most of these 



46 

 

factors represent a normal distribution of the data. Therefore, the assumption of normality for 

learning/working memory composite scores from the CBB was met. 

Table 10 

Normality of CBB Learning/Working Memory Composite Scores 

Variable Mean Median Mode Skewness Kurtosis Shapiro-
Wilk Test 

p 

Learning/working 
memory 

composite scores 

100.7 101.9 112.3 −0.49 0.02 0.98 < .001 

 

Figure 12 

Histogram Showing Distribution of CBB 
Learning/Working Memory Composite Scores 
for the Total Sample 

 

Figure 13 

Normal Q-Q Plot for CBB Learning/Working 
Memory Composite Scores for the Total 
Sample 
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Figure 14 

Boxplot Showing Outliers for CBB Learning/Working Memory Composite Scores for the Total 
Sample 

 
Table 11 

Extreme Values of CBB Learning/Working Memory Composite Scores 

  Row Number Value 
Highest 1 296 125.45 
 2 303 124.44 
 3 143 123.40 
 4 263 123.40 
 5 250 122.49 
Lowest 1 384 62.43 
 2 361 64.66 
 3 259 66.56 
 4 22 67.69 
 5 398 67.83 

 

A scatter plot displayed a straight line when evaluating the relationship with total 

subcortical hippocampal volume (see Figure 15), indicating that the assumption of linearity was 

met, in addition to a positive relationship between the variables. The scatter plot additionally 

showed a relatively cigar-shaped distribution, therefore meeting the assumption of 

homoscedasticity (see Figure 15). 
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Figure 15 

Scatterplot Between Total Subcortical Hippocampal Volume and CBB Learning/Working 
Memory Composite Scores 

 
Note. HV = hippocampal volume. 

Statistical Analyses by Research Question 

Research Question 1: How well do cognitive screeners, including the MoCA and CBB, 

predict subcortical hippocampal volume measured via structural MRI while controlling for the 

individual effects of age, education, ethnicity, race, depression scores, and APOE ɛ4 status? 

Multiple regression was conducted to assess the ability of the MoCA and CBB (i.e., 

psychomotor function/attention and learning/working memory composite scores) to predict total 

subcortical hippocampal volume after controlling for the influence of age, level of education, 

race, ethnicity, APOE ɛ4 status, and depression scores. Preliminary analyses were conducted to 

ensure no violation of the assumptions of normality, linearity, multicollinearity, and 

homoscedasticity. Given the large sample size (N = 445), the assumption for sample size was 

met. The variables also fell within the acceptable range for multicollinearity. The data in the Q-Q 

plot fell relatively normal, considering that the majority of the plots fell directly on the line (see 

Figure 16). 
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Figure 16 

Residual Q-Q Plot of Variables After Multiple Regression Analysis 

 

The residual scatterplots detailed a relatively rectangular shape for MoCA scores and 

learning/working memory composite scores from the CBB, though total subcortical hippocampal 

volume and psychomotor function/attention composite scores from the CBB appeared to violate 

this assumption based on the pattern of the plots (see Figures 17, 18, 19, and 20). 

Figure 17 

Residual Scatterplot for Dependent Variable of 
Total Subcortical Hippocampal Volume 

 

Figure 18 

Residual Scatterplot for Independent 
Variable of MoCA Scores 

 

Note. HV = hippocampal volume. 
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Figure 19 
Residual Scatterplot for Independent Variable 
of CBB Psychomotor Function/Attention 
Composite Scores 

 

Figure 20 
Residual Scatterplot for Independent Variable 
of CBB Learning/Working Memory 
Composite Scores 

 
 

The covariates of age, level of education, race, ethnicity, APOE ɛ4 status, and depression 

scores were entered in model one. The independent variables of MoCA, CBB psychomotor 

function/attention, and CBB learning/working memory composite scores were entered into 

model two. Findings indicated model one variables explained 25.27%, F(11, 384) = 11.81, p < 

.001 of the total subcortical hippocampal volume variance. After the independent variables were 

entered in model two, the total variability explained was 28.31%, F(14, 381) = 10.74, p < .001. 

The unique variance between model one and model two was around 3%, F(3, 381) = 5.37, p < 

.001. Individual evaluation of the independent variables indicated learning/working memory 

composite scores from the CBB were the strongest predictor of total subcortical hippocampal 

volume, B = 9.50, t(381) = 2.39, p = .017), while psychomotor function/attention composite 

scores from the CBB (p = .098) and MoCA (p = .305) scores were not indicated to be significant 

predictors of subcortical hippocampal volume. Based on the findings, the null hypothesis can be 

rejected with confidence. The results supported alternative hypothesis one given that there was a 

significant difference between the results from the MoCA and CBB when looking at subcortical 

hippocampal volume via structural MRI. However, alternative hypotheses two anticipated the 
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MoCA would be the best predictor of total subcortical hippocampal volume, which was found to 

be inaccurate. Rather, the findings revealed that the CBB learning/working memory composite 

was the best and only predictor for total subcortical hippocampal volume. Table 12 summarizes 

these findings. 

Table 12 

Results from the Multiple Regression for Research Question One 

Predictor Variable  Estimate (B) Standard Error t p 

(Intercept) 8905.36 940.17 9.47 < .001 
MoCA 16.81 16.35 1.03 0.305 
CBB psychomotor function/attention  6.94 4.18 1.66 0.098 
CBB learning/working memory 9.50 3.97 2.40 0.017* 

 

Research Question 2: Is the MoCA or CBB a more sensitive measure in detecting normal 

cognition or MCI while controlling for the individual effects of age, education, ethnicity, race, 

depression scores, and APOE ɛ4 gene status? 

Binomial logistic regression was used to assess the predictive strength of the MoCA and 

CBB (i.e., psychomotor function/attention and learning/working memory composite scores) as it 

pertains to diagnostic classification for cognitively normal or MCI while controlling for age, 

level of education, race, ethnicity, APOE ɛ4 status, and depression scores. Logistic regression 

does not consider the assumptions of normality for predictor variables; rather, the analysis is 

most concerned with multicollinearity. Collinearity statistics revealed a variance inflation factor 

lower than the cutoff value of 10 and a tolerance greater than .01 for all predictor variables. 

Therefore, the variables all fell within the acceptable range for multicollinearity (see Table 13). 
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Table 13 

Collinearity Statistics for Predictor Variables  

Predictor Variable  VIF Tolerance 

MoCA 1.10 0.91 
CBB psychomotor function/attention  1.03 0.97 
CBB learning/working memory 1.07 0.93 

 

The covariates of age, level of education, race, ethnicity, APOE ɛ4 status, and depression 

scores were entered in model one. The independent variables of MoCA, CBB psychomotor 

function/attention, and CBB learning/working memory composite scores were entered into 

model two. There was a significant difference identified between model one containing the 

covariates and model two containing the independent variables, X2 = 79.30, df (3), p < .001 (see 

Table 14). The full model containing all predictor variables (e.g., MoCA, CBB psychomotor 

function/attention, and CBB learning/working memory composite scores) was statistically 

significant, X2 (14, N = 445) = 126.27, p < .001, indicating the model was able to distinguish 

between participants classified as cognitively normal versus MCI. The model explained between 

27.3% (Cox and Snell R2) and 38.3% (Nagelkerke R2) of the variance in diagnosis and correctly 

classified 77.02% of participant diagnoses. 

Table 14 

Model Comparisons for Binomial Logistic Regression  

Comparison of Model One to Model Two X2 df p 
 79.30 3 < .001 

 

When evaluating individual contributions of the independent variables—MoCA, CBB 

psychomotor function/attention, and CBB learning/working memory composite scores—only 

two of them made a uniquely statistically significant contribution to the model. After controlling 
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for all other factors (i.e., age, level of education, race, ethnicity, APOE ɛ4 status, and depression 

scores), the strongest predictor of diagnostic classification was the MoCA (p < .001), with an 

odds ratio of 1.40. The variable of learning/working memory composite scores from the CBB 

was also a strong predictor (p = .019), with an odds ratio of 1.03. Furthermore, the predictor 

variable of psychomotor function/attention composite scores from the CBB was not a strong 

predictor of a cognitively normal diagnostic classification (p = .231), though this variable had an 

odds ratio of 1.02. Table 15 summarizes these findings. 

Table 15 

Results from the Binomial Logistic Regression with a Cognitively Normal Reference Level 

Predictor Variable  Estimate 
(B) 

Standard 
Error 

Z p Odds 
Ratio  

MoCA −0.34 0.06 −6.04 < .001* 1.40 
CBB psychomotor function/attention  −0.02 0.01 −1.20 0.231 1.02 
CBB learning/working memory −0.03 0.01 −2.34 0.019* 1.03 
Note. Estimates represent the log odds of MCI vs. cognitively normal.  

Estimated marginal means were individually evaluated based on MCI for each predictor 

variable. It was determined that with a MoCA score of 22—one standard deviation below the 

mean—the probability of an MCI diagnosis was 47.12%. An average MoCA score of 25 

indicated the probability of an MCI diagnosis was 23.47%, and an approximate 9% probability 

of an MCI diagnosis with a MoCA score of 28, one standard deviation above the mean. These 

findings indicated that the probability of an MCI diagnosis, determined via the MoCA, increased 

as scores decreased (see Table 16). Regarding learning/working memory composite scores from 

the CBB, an average score of 100 was consistent with a probability of 23.47% of MCI diagnoses. 

A learning/working memory composite score of 89—one standard deviation below the mean—

indicated that the probability of an MCI diagnosis was 30%, and a score of 112—one standard 

deviation above the mean—was consistent with 17.94% of MCI diagnoses (see Table 16). There 
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was a 17% increase in probability for scores identified as one standard deviation below the mean 

to render an MCI diagnosis for the MoCA compared to learning/working memory composite 

scores from the CBB. Psychomotor function/attention composite scores from the CBB were not 

determined to have good predictive strength regarding diagnostic classification. Table 16 

summarizes these findings. 

Table 16 

Estimated Marginal Means for Predictor Variables 

 MoCA Scores CBB Psychomotor 
Function/Attention 

CBB 
Learning/Working 

Memory 
Mean scores - 1 SD (PB) 22 (47.12%) 84.78 (26.64%) 89 (30.08%) 
Mean scores (PB)  25 (23.47%) 95.50 (23.47%) 100 (23.47%) 
Mean scores + 1 SD (PB) 28 (9.55%) 106.22 (20.57%) 112 (17.94%) 

Note. SD = standard deviation; PB = probability. 

Based on these results, the null hypothesis was rejected. Furthermore, the alternative 

hypothesis was supported, given that the MoCA was determined to have more predictive strength 

and was a more sensitive measure, specifically in the diagnostic classification of MCI compared 

to CBB composite scores. 
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CHAPTER IV: DISCUSSION 

Findings 

The present study indicated the CBB composite of learning/working memory to be the 

best predictor of total subcortical hippocampal volume measured via structural MRI. The results 

of this study also determined that between the MoCA scores, CBB psychomotor 

function/attention, and CBB learning/working memory composite scores, the learning/working 

memory composite from the CBB was identified as the only predictor of total subcortical 

hippocampal volume, and the MoCA and psychomotor function/attention composite from the 

CBB were not significant predictors of total subcortical hippocampal volume. The findings of 

this study additionally determined that the MoCA was the best predictor and most sensitive 

instrument when determining cognitive status in an older adult population. The learning/working 

memory composite from the CBB was also a significant predictor of cognitive status. However, 

the MoCA was determined to be more sensitive than the learning/working memory and 

psychomotor function/attention composites from the CBB when specifically evaluating for MCI. 

This study rendered pertinent information regarding the early detection of progressive 

cognitive decline, given that the learning/working memory composite from the CBB 

demonstrated noteworthy predictive strength for subcortical hippocampal volume, a biomarker 

often attributable to AD. While performance on the CBB has evidenced correlations with 

hippocampal volume in the MCI stage, a lack of research prior to this study has evaluated the 

specific role of the learning/working memory composite from the CBB regarding its relationship 

with hippocampal volume measured via structural MRI (Lim et al., 2016). The findings indicated 

that the learning/working memory composite from the CBB can adequately detect cognitive 
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impairments consistent with reduced subcortical hippocampal volume, such as short-term 

memory dysfunction and difficulty recalling newly learned information (Apostolova, 2016). 

The findings are contrary to previous literature wherein studies supported lower scores on 

the MoCA correlated with hippocampal volume measured via structural MRI (O’Shea et al., 

2016; Ritter et al., 2017). As previously noted, the MoCA generates an overall score 

encompassing performance on a variety of eight cognitive domains (Nasreddine et al., 2005). 

However, the MoCA does not evaluate domain-specific performance and may be influenced by 

performance on tasks from areas of functioning that are not impacted by hippocampal 

degeneration and are more consistent with naMCI- single or multiple-domain presentations. 

Considering aMCI is more likely to progress to AD, and in which memory impairments are the 

primary concern, the learning/working memory composite more readily evaluates these areas 

(Dugger et al., 2015; Petersen et al., 2018). 

Similar to the learning/working memory composite, the psychomotor function/attention 

composite from the CBB is also understudied in terms of how performance relates to 

hippocampal volume measured via structural MRI. Functional domains that make up the 

psychomotor function/attention composite from the CBB are more consistent with an atypical or 

naMCI subtype. Therefore, given that the psychomotor function/attention CBB composite was 

not indicated to be a predictor of hippocampal volume, the findings were consistent with 

previous literature asserting naMCI has a higher likelihood of progressing to other forms of 

dementia rather than AD (Csukly et al., 2016). 

Concerning diagnostic classification, the results favored the MoCA as a more sensitive 

predictor, specifically to a cognitive profile of MCI, which has been consistently observed 

throughout previous literature (Ciesielska et al., 2016; Smith et al., 2007). Furthermore, while the 
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MoCA was the best predictor of group membership, the learning/working memory composite 

from the CBB was also observed to have good predictive strength regarding cognitive status. The 

results also indicated that the psychomotor function/attention composite from the CBB was not a 

good predictor of group membership to the diagnostic classifications of cognitively normal and 

MCI. The findings are consistent with previous literature that has supported the learning/working 

memory composite from the CBB as being a sensitive assessment tool in identifying cognitive 

impairment consistent with MCI, while the psychomotor function/attention composite from the 

CBB displays lower levels of sensitivity (Maruff et al., 2013). 

Additional research specifically pertaining to the ADNI3 study may be useful in 

determining diagnostic classification at baseline testing. As previously mentioned, the measures 

used to establish diagnostic classification consist of the MMSE, CDR, and Logical Memory II, in 

addition to other specific inclusion criteria, such as reports of subjective cognitive decline by the 

participant or the informant. To confirm diagnostic placement, the MoCA and CBB may be 

useful tools in evaluating if a similar performance is yielded from these measures. Furthermore, 

performance on the CBB composites may be useful when evaluating if an MCI participant better 

meets criteria for aMCI or naMCI.  

The present study also provided insight regarding the predictive strength of in-person 

versus electronic assessment methods when evaluating subcortical hippocampal volume via 

structural MRI and determining a diagnostic classification of cognitive status, including 

cognitively normal and MCI. The results of this study offered partial support for the CBB as an 

efficient and sensitive measure in determining cognitive status, given that the psychomotor 

function/attention composite from the CBB did not render pertinent results in either analysis. 

Therefore, the findings of this research analysis provided considerable support for the continued 
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use of in-person administration techniques when evaluating hippocampal volume and supported 

the use of appropriate, domain-specific electronic neuropsychological assessment methods 

within the stated parameters. 

Limitations 

The first limitation of this study was the homogeneity among participants. The data were 

obtained from ADNI3, which largely consists of White participants. Therefore, the dataset 

utilized in this study consisted of a disproportionate number of participants who identified as Not 

Hispanic or Latino (93.9%) and White (86.1%). Additionally, there was not an equal number of 

participants classified as cognitively normal and MCI. In fact, the number of cognitively normal 

(67.2%) participants was more than double that of MCI participants (32.8%). 

Furthermore, only participants diagnosed as cognitively normal or MCI were included in 

this study, and participants with a dementia diagnosis were excluded. However, the etiology of 

the participants’ MCI was unclear. Therefore, while loss of subcortical hippocampal volume is 

consistent with AD and is detectable at the stage of MCI and even prior to the onset of cognitive 

decline, participants included in this study with lower total subcortical hippocampal volumes and 

an MCI diagnosis could not be attributed to AD with definitive certainty. Thus, the study’s 

results may not be easily generalized to individuals diagnosed with MCI and with lower total 

subcortical hippocampal volume measured via structural MRI. 

Previous research has identified the level of education and familiarity with technology as 

possible limitations in validation studies of the CBB (Tsoy et al., 2021). In fact, studies have 

noted significant trends in test scores in older adult populations when assessing the level of the 

participants’ experience with technology (Tsoy et al., 2021). Considering the cohort for this 

study mainly consisted of well-educated White individuals, with 16 years being the average level 
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of education, the findings may not be as easily generalized with a more diverse demographic 

consisting of individuals with lower levels of education and less exposure to and familiarity with 

technology. 

Research has found that electronic assessments may differ based on the setting in which 

they are administered, thus questioning the feasibility and implementation of self-administered 

instruments across multiple settings (e.g., inpatient, outpatient, primary care settings; Tsoy et al., 

2021). The CBB is administered both in-clinic and at home for ADNI3. However, all data for 

this study were obtained from an in-clinic visit with greater means of supervision or clarification 

of instructions for participants when needed. ADNI protocol states that examiners attempt to 

create consistent and standardized administration procedures, and the testing environment is also 

structured to minimize distractions. Therefore, the findings from this study—specifically 

regarding the CBB—may not be as consistent based on the environment in which administration 

occurs (Öhman et al., 2021). 

Furthermore, the ADNI protocol noted that CBB administration conducted at in-clinic 

baseline testing—and utilized in this study—was only completed on a computer. However, in-

home CBB administration, as detailed by ADNI, states that the platform on which the CBB is 

located can be accessed on a computer or tablet. Notably, research has found that the electronic 

device on which the assessments are administered (i.e., tablet versus PC) can impact 

performance (Mielke et al., 2015). When utilizing a computer, the participant uses a mouse for 

clicking and selecting, whereas on an iPad, participants use their finger to touch the screen. In a 

previous study, performance and accuracy were observed to be better on a PC rather than an iPad 

(Mielke et al., 2015). Therefore, the method of administration for the CBB should also be 
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considered in relation to these results, given that they were obtained from computer-only 

administration. 

Strengths 

Strengths of the study included a relatively large sample size that enabled all 

psychometric tests to be carried out. The strict inclusion and exclusion criteria of the ADNI 

study, as well as additional inclusion and exclusion criteria included in this study, helped to rule 

out possible confounding variables that may have impacted the results. The use of preliminary 

tests, including the chi-square tests of independence and assumption testing, also ensured 

homogeneity among the sample population and that normality was met for all the variables 

included in this study. Furthermore, the MoCA and CBB have also demonstrated validity and 

reliability in several studies, indicating that the results produced in the study are likely an 

adequate representation of their clinical utility in evaluating cognitive status, specifically with an 

older adult population. Similarly, structural MRI is also considered a trusted method for 

evaluating and quantifying the hippocampus, a critical subcortical region that relates to 

impairments consistent with MCI. 

Future Directions and Recommendations 

Overall, the findings from this study provide further insight regarding the detection of 

AD in the prodromal stage of MCI. Both in-person and electronic neuropsychological 

assessment methods demonstrated unique contributions as predictors of hippocampal volume, 

and to some extent, cognitive status. These findings also offer the ability to yield a more 

profound interpretation of results obtained from the MoCA and CBB. Specifically, the present 

study shows that impairments in the learning/working memory composite from the CBB signify 

a likelihood of hippocampal atrophy, which may indicate future conversion to AD and would be 
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observable for clinical correlation via structural MRI. Future research may explore correlations 

between performance on the learning/working memory composite from the CBB and severity of 

hippocampal atrophy to investigate further the ability of this measure to represent 

neurodegeneration consistent with MCI. 

Future research utilizing the same predictor variables and research design with more 

stringent participant and MCI criteria may also be considered, given that a limitation of this 

study was an unclear etiology of MCI among sample participants. The current study controlled 

for several covariates, including APOE ɛ4 status. Future research may focus on comparing a 

sample comprised solely of participants who have a positive APOE ɛ4 status, as well as 

confirmation of additional biomarkers via evaluation of CSF, plasma, and imaging, indicating a 

high potential for AD conversion, to a population who does not exhibit AD biomarkers to assess 

how findings may differ among the two sample populations. 

Another area of research includes utilizing domain-specific measures to find correlations 

between performance and symptoms characteristic of specific diseases or disorders. While the 

MoCA is a trusted measure to evaluate cognitive status and detect MCI, the measure as a whole 

was not a good predictor of total subcortical hippocampal volume, which is a biomarker for AD. 

Previous research has investigated performance on MoCA domains designed to evaluate memory 

components (Ritter et al., 2017). Therefore, future research may investigate scores from the 

delayed recall tasks from the MoCA compared to the learning/working memory composite from 

the CBB to evaluate which measure is a better predictor of total subcortical hippocampal volume 

and relationships with other biomarkers of AD. 

Furthermore, the MoCA demonstrated its effectiveness as a good predictor of MCI in this 

sample, though the learning/working memory composite from the CBB also displayed good 
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predictive strength regarding cognitive status. Therefore, while this study questioned if the 

technological shift to electronic neuropsychological assessment methods would produce similar 

results to the traditional, in-person methods that have long been utilized with the older adult 

population, findings suggested that the new wave of electronic assessment measures may be just 

as suitable. However, the results provided a noteworthy endorsement for the utility of the MoCA, 

supporting the continued use of this well-established neuropsychological measure. 

As technology continues to advance, it can be assumed there will be more development 

and utilization of electronic neuropsychological assessment measures to aid in detecting MCI, 

AD, and other disorders. However, research has identified possible confounding variables to 

administering electronic assessment measures such as environment, method of technology 

utilized, and familiarity with technology in general (Tsoy et al., 2021). Therefore, the findings 

from this study, combined with previous studies, may help to guide important considerations 

about administration methods for future research as continued detection and prevention 

strategies for MCI are developed.  
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Appendix A: 

ADNI Inclusion and Exclusion Criteria 

ADNI Inclusion and Exclusion Criteria (https://adni.loni.usc.edu/) 

Inclusion criteria for CN group: 
• ADNI Participants 
• 55-90 years of age 
• Participants with or without subjective memory complaints, verified by a study 

partner, beyond what would be expected for age 
• Normal memory function document by scoring above education adjusted cutoffs on 

the Logical Memory II subscale from the Wechsler Memory Scale—Revised (> 9 for 
16+ years of education; > 5 for 8-15 years of education; > 3 for 0-7 years of 
education) 

• Mini Mental Status Exam score between 24-30 
• Clinical Dementia Rating and Memory Box scores of 0 
• No evidence of significant impairment for activities of daily living and cognitive 

functioning 
• Stability of permitted medications for at least four weeks 
• Routine participation in ongoing administration of the Montreal Cognitive 

Assessment and Cogstate Brief Battery 
• Annual or biannual MRI scans 
• Must live within 150 miles of ADNI clinic 

 
Inclusion criteria for MCI group: 

• ADNI Participants 
• 55-90 years of age 
• Subjective memory concern by the participant or confirmed by a collateral source 
• Scores below education adjusted cutoffs on the Logical Memory II subscale from the 

Wechsler Memory Scale—Revised (<11 for 16+ years of education; <9 for 8-15 
years of education; <6 for 0-7 years of education) 

• Mini Mental Status Exam score between 24-30 
• Clinical Dementia Rating and Memory Box scores of at least 0.5 
• ADLs and cognitive functioning well-maintained with no evidence to suggest an AD 

diagnosis 
• Stability of permitted medications for at least four weeks 
• Routine participation in ongoing administration of the Montreal Cognitive 

Assessment and Cogstate Brief Battery 
• Annual or biannual MRI scans 
• Must live within 150 miles of ADNI clinic 
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Exclusion criteria for all subjects: 
• Participants diagnosed with or who meet criteria for any significant neurologic 

disease. 
• Screening/baseline MRI brain scan with evidence of infection, infarction, or other 

focal lesions or multiple lacunes or lacunes in a critical memory structure. 
• Subjects that have any contraindications for MRI studies, including the presence of 

cardiac pacemakers, or metal fragments or foreign objects in the eyes, skin, or body. 
• Major depression, bipolar disorder as described in DSM-IV within the past year. 
• Currently treated with medication for obsessive-compulsive disorder or attention 

deficit disorder. 
• History of schizophrenia (DSM-IV criteria). 
• History of alcohol or substance abuse or dependence within the past 2 years (DSM-IV 

criteria). 
• Any significant systemic illness or unstable medical condition, which could lead to 

difficulty complying with the protocol. 
• Clinically significant abnormalities in B12 or TFTs that might interfere with the 

study. A low B12 is exclusionary, unless follow-up labs (homocysteine) and 
methylmalonic acid indicate that it is not physiologically significant. 

• Residence in a skilled nursing facility. 
• Current use of specific psychoactive medications (e.g., certain antidepressants, 

neuroleptics, chronic anxiolytics, or sedative hypnotics). Current use of warfarin or 
other anticoagulants such as dabigatran, rivaroxaban and apixaban (exclusionary for 
lumbar puncture). 

• Current use of any other exclusionary medications 
• Investigational agents are prohibited one month prior to entry and for the duration of 

the trial. 
• Participation in clinical studies involving neuropsychological measures being 

collected more than one time per year. 
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