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Abstract 

Background: Traditional neuropsychological measurement tools have identified a proportion of 

individuals with late life Major Depressive Disorder (MDD) who experience modest to moderate 

cognitive impairments. These cognitive impairments are associated with impairments in everyday 

functioning. However, a large proportion of individuals with MDD report difficulties with cognition that 

are greater than those identified with traditional measurement tools. In this study, we explore cognitive 

performance using new methods that are different from those used in traditional cognitive testing. We aim 

to test if rather than using traditional measures of cognitive abilities, cognitive performance impairments 

in MDD reveal themselves as a function of increasing complexity of cognitive tasks, and to examine the 

relationship of cognitive performance on these tasks to everyday functioning. Method: Older participants 

with remitted MDD (MDD-R; n = 93), Mild Cognitive Impairment (MCI; n = 200), MCI with comorbid 

MDD-R (n = 80), and healthy comparison participants (n = 53) completed a baseline neuropsychological 

assessment battery for preventative intervention for Alzheimer’s Dementia for individuals at clinical risk 

were used in analyses. We examined group differences in cognitive performance accuracy across three 

experimental working memory tasks that allowed for titration of complexity (i.e., the Paced Auditory 

Serial Processing Task (PASAT), n-back, Continuous Performance Task – Identical Pairs (CPT-IP)). 

Changes in performance over the course of the cognitive tasks were entered into a regression equation to 

examine the variance accounted for above and beyond global cognition in predicting everyday 

functioning in all clinical groups. Results: Relative to healthy comparison participants, individuals with 

MDD-R had significantly worse performance on all levels of the PASAT and n-back tasks. The MDD-R 

group performed significantly better than the MCI groups on all levels of the PASAT and n-back. No 

significant group differences were found on the CPT-IP. Changes in PASAT performance were 

significantly associated with everyday functioning but did not add meaningful variance in understanding 

the relationship between cognition and everyday functioning. Conclusions: Our findings highlight the 
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utility of using novel methods to probe cognition, such as the experimental cognitive tasks with the ability 

to titrate complexity used in this study, in late life MDD.  
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Chapter 1 

Introduction 

Major Depressive Disorder  

Major Depressive Disorder (MDD) is the most prevalent mental disorder, affecting an 

estimated 10.8% of the world’s population across the lifespan (Lim et al., 2018) and is the leading 

cause of disability worldwide (World Health Organization, 2017). MDD is a mood disorder with 

a heterogeneous presentation, which is reflected in the diagnostic criteria; in addition to low 

mood, affected individuals may experience a loss of interest in pleasurable activities and 

difficulties with concentration and decision making (American Psychiatric Association, 2013). 

Measurement with traditional neuropsychological tools has shown that relative to healthy 

comparison participants, individuals with MDD experience impairments of moderate effect size 

in domains of processing speed, attention, memory and executive functions (Bora et al., 2013; 

Rock et al., 2014).  

Neurocognition in Major Depressive Disorder 

 Assessment of cognitive functioning in MDD tends to be measured using standardized 

batteries of tests that measure gross aspects of memory. These batteries of tests include tests of 

memory, executive functioning, processing speed, working memory, and attention. By the time of 

the first episode of depression, a wide range of cognitive impairments as measured using 

traditional neuropsychological assessment are observable relative to healthy comparison 

participants, including verbal and visual memory, processing speed, attention, and executive 

functioning (Ahern & Semkovska, 2017; Lee et al., 2012). Cognitive impairments in those with 

MDD is persistent; even after clinical remission, a substantial proportion will continue to 

experience cognitive impairment (Baune et al., 2010; Conradi, Ormel, & De Jonge, 2011; 

Hasselbalch, Knorr, & Kessing, 2011; Rock et al., 2014). For example, Hasselbalch et al. (2011) 
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found that individuals with remitted MDD experienced persistent impairment in attention, 

memory and executive function relative to healthy comparison participants.  

A higher number of previous episodes of depression are associated with greater cognitive 

impairments in individuals with remitted recurrent MDD relative to healthy controls (Brown et 

al., 1999; Kessing, 1998; Semkovska et al., 2019; Sweeney et al., 2000). Specifically, 

impairments in verbal memory (Basso & Bornstein, 1999; Gorwood et al., 2008) and executive 

functioning (Vanderhasselt & De Raedt, 2009) have been shown to worsen with an increased 

number of previous episodes of depression. Additionally, in remitted depression, the cumulative 

duration of depressive illness has been associated with decreased cognitive abilities (Hasselbalch 

et al., 2013; Porter et al., 2015).  

Cognitive deficits are also prevalent in older individuals with depression. Geriatric 

depression is associated with deficits in processing speed, executive function, attention and 

inhibition, and both verbal and visuospatial memory (Alexopoulos et al., 2005; Barch et al., 2012; 

Bogner et al., 2008; Butters et al., 2000; Butters et al., 2004; Doraiswamy et al., 2003; Nebes et 

al, 2000; Nebes et al., 2001; Nebes et al., 2003). Nebes et al. (2000) demonstrated that decreased 

working memory and processing speed explained a significant amount of variance in deficits of 

episodic memory and visuospatial performance in individuals with remitted late life depression. 

Patients with remitted late life depression performed significantly worse than healthy comparison 

participants on measures of processing speed and working memory, and these impairments 

remained following remission of depression (Nebes et al., 2000). In line with this work, other 

research has demonstrated that as with younger populations with depression, cognitive deficits 

are persistent in late life depression outside of depressive episodes (Bhalla et al., 2006) and to the 

same degree as when depressed (Nebes et al., 2003). Thus, those with late life depression 

experience cognitive impairments like those with MDD in other age groups, and these deficits 

persist in those who are in clinical remission from their depressive symptoms.  
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While cognitive impairments are prevalent in MDD, not everyone is impaired. Some 

research estimates that 60-80% of MDD patients with mild to moderate depression display 

relatively normal levels of performance on neuropsychological tests compared with controls 

(Gualtieri & Morgan, 2008). Additionally, despite frequent reports that cognitive impairments are 

a barrier in everyday functioning in MDD, the majority of these impairments are modest to 

moderate in effect size (Bora et al., 2013; Rock et al., 2014). 

Issues with Traditional Measurements of Neurocognition in MDD 

A large proportion of individuals with MDD frequently report significant subjective 

cognitive complaints (Conradi et al., 2011; Gualtieri & Morgan, 2008). While individuals with 

MDD experience mild to moderate impairment in cognitive abilities, younger individuals with 

MDD tend to significantly overestimate their cognitive impairments relative to their objective 

level of impairment as measured by traditional neuropsychological testing (Lahr, Beblo, & 

Hartje, 2007; Schwert et al., 2018; Svendsen et al., 2012). This overestimation is made 

increasingly as a function of depressive symptom severity (Sawada et al., 2019; Serra-Blasco et 

al., 2019; Srisurapanont et al., 2015). Other research has shown that despite no differences in 

performance relative to healthy comparison participants, younger individuals with MDD 

underestimate their performance on cognitive tasks (Dunn et al., 2007; Wood-Ross et al., 

accepted). This discrepancy may be due to a number of factors, including depression 

symptomatology, comorbidity, medication use, or meta-cognitive capacity (Biringer et al., 2005; 

Biringer et al., 2007; McClintock et al., 2010; Svesden et al., 2012; Van Camp et al., 2016). 

However, we may observe such a discrepancy in reports of neurocognitive relative to results from 

traditional measurement tools tests because these traditional assessments of cognitive ability may 

not be sensitive to capture the types of neurocognitive impairments that are experienced by those 

with MDD. 
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Taken together, MDD is a complex condition that has unique features that may require 

testing beyond traditional measurement tools that are sensitive to capture the cognitive 

impairments reported and experienced by those with MDD. Exploring cognitive performance 

using new methods that are different from those used in traditional cognitive testing may reveal a 

different cognitive performance profile in MDD than seen with standardized batteries of tests 

measuring gross aspects of memory. In this study, we aim to explore if rather than using 

traditional measures of cognitive performance (i.e., neurocognitive composite scores), cognitive 

performance impairments in MDD reveal themselves as a function of increasing complexity of 

cognitive tasks. 

Measurement of Cognition 

Traditional neuropsychological assessment uses the normative approach which allows for 

the classification of an individual in comparison to demographically (e.g., education, sex, age) 

matched individuals from the general population (Lezak, 2004). This approach provides 

classifications of individuals on a normal distribution of scores, which allows the ranking of 

individuals across groups as standard deviation units from the population mean (e.g., z-score of 0, 

standard deviation of 1). Traditional assessment of cognition in late life tends to use standardized 

batteries of tests (e.g., the MATRICS Consensus Cognitive Battery (Nuechterlein et al., 2008)) 

which provide measures of gross aspects of cognitive functioning and measures of global 

cognition. These traditional methods are used in neuropsychological consensus meetings to 

classify individuals’ cognitive impairments. However, as outlined above, this traditional 

classification system may not be sensitive to detect the types of cognitive impairments that are 

experienced by those with MDD.  

Douglas et al. (2018) alternated definitions of cognitive impairment in a sample of 

individuals with MDD and bipolar disorder. They varied the definition of impairment by effect 

size (i.e., 1, 1.5, or 2 SD) and the number of cognitive domains affected (i.e., global composite or 
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at least one). The authors found that there was substantial variability in the prevalence of 

cognitive impairments depending on the definition of impairment that was used. Further, when 

cognitive scores were corrected for differences in premorbid intelligence, the prevalence of 

impairment increased. Other research has similarly experimented with effect size cut offs and the 

number of domains effected to define cognitive impairment. Using an outpatient sample of MDD 

and bipolar disorder, Gualtieri and Morgan (2008) defined cognitive impairment as two or more 

cognitive domains impaired greater than 2 SD below the norms for healthy controls and showed 

that 20-30% of those with MDD or bipolar disorder were impaired. Tran et al. (under review) 

found that when using traditional measures of cognition, only 25% of individuals were classified 

as cognitively impaired on a composite measure according to normative comparison standards. 

However, when measuring current cognitive functioning relative to premorbid estimates, 62.2% 

of the sample was classified as impaired. Thus, reliance on assessment of cognitive functioning 

using traditional measurement tools may underestimate the number of individuals with MDD who 

could be considered cognitively impaired.  

Research in populations outside of MDD have explored alternative ways of measuring 

cognitive performance. In contrast to previous research which found no evidence for age-related 

cognitive decline using traditional neuropsychological testing in people with schizophrenia 

(Heaton et al., 2001), Granholm et al. (2000) used a measure of complex information processing 

and found age-related declines in performance across information processing loads. The 

information processing task used by Granholm and colleagues allowed the authors to examine 

performance across task levels with parametric changes in difficulty. Bowie et al. (2007) 

similarly found no differences in cognitive performance in people with schizophrenia across age 

groups on a series of traditional neuropsychological tests, but did find significant age-associated 

performance differences when examining performance across two levels increasing in difficulty 

of an information processing test. The findings from Granholm et al. (2000) and Bowie et al. 
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(2007) suggest that traditional neuropsychological tests with fixed difficulty may differ in 

sensitivity from tests where parametric difficulty manipulations can be examined. Exploring 

performance across levels of increasing task complexity may reveal cognitive impairments that 

traditional neuropsychological tests cannot detect. Thus, it is possible that traditional 

neuropsychological tests may not be as sensitive to small, but potentially detectable, cognitive 

impairments experienced by those with MDD. Cognitive difficulties captured by measurement 

tools that change in complexity may be more meaningful as they may capture cognitive deficits 

that are more nuanced. The cognitive performance of individuals with MDD may be in a range 

that is deemed to be mild impairment using traditional neuropsychological tests but using 

alternative tests that allow for parametric adjustment of difficulty, we may see impairments in 

cognitive abilities not detected by these traditional tests.  

Experimental neuroscience tests, like the n-back working memory test, may help us to 

detect the cognitive impairments experienced by those with MDD. Changing processing demands 

on the n-back as the task gets more difficult have been shown to influence the sensitivity of the 

test to diagnostic categories. On the easiest version of the n-back test, both healthy comparisons 

and participants with schizophrenia perform equally well, and on the most challenging version of 

the n-back test both groups perform poorly, leading to low levels of diagnostic sensitivity in these 

test conditions (Callicott et al., 1999, 2000). However, on the intermediate difficulty level of the 

n-back test, the 2-back, healthy comparisons and participants with schizophrenia have been 

shown to demonstrate performance differences that lead to diagnostic differences in performance, 

allowing for diagnostic sensitivity (Callicott et al., 1999, 2000). Utilizing tests outside of 

traditional assessment tools, such as the n-back, to conceptualize cognitive performance allow for 

the examination of cognitive performance across levels of increasingly complex cognitive tasks. 

Using new tools like this may provide new methods for probing cognition, which may help with 
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diagnostic sensitivity, and could ultimately assist in the conceptualization of a profile of cognitive 

performance across different levels of a task in MDD. 

Consequences of Neurocognitive Impairment in MDD 

Risk for Dementia 

The evidence for the risk of developing dementia and the association with a major 

depressive episode occurring in mid- versus late-life is mixed. Earlier life depression has 

consistently been associated with a more than twofold increase in dementia risk (Byers & Yaffe, 

2011). Research has demonstrated that individuals with MDD are at a more than 50% increased 

risk for dementia (Sacynski et al., 2010). A recent depressive episode (i.e., within 10 years) has 

been shown to increase the risk of dementia or Alzheimer’s disease 4-6 fold (Brommelhoff et al., 

2009; Vilalta-Franch et al., 2013). Other research has found that a history of depression 10-25 

years before the onset of dementia increased the risk of a later diagnosis of dementia, with a 

younger age of onset of depression conferring a lower risk (Broe et al., 1990; Steffens et al., 

1997; Green et al., 2003). Some evidence reveals that later age of onset of depression may be 

either a prodromal symptom or susceptibility factor for later dementia (Steffens & Potter, 2008). 

However, studies of late-life depression and dementia risk have been conflicting. Most studies 

support an association between depression and dementia (e.g., Alexopoulos et al., 1993; Reynolds 

et al., 2011; Vilalta-Franch et al., 2013; Potter et al., 2013), but the nature of this association 

remains unclear. Specifically, whether depression is a prodrome or consequence of, or risk factor 

for dementia has not been well established (Byers & Yaffe, 2011). This presents as a challenge as 

MDD is common in patients with dementia, occurring in up to 20% of patients with Alzheimer’s 

disease and up to 50% of those with vascular dementia (Ballard et al., 1996; Ballard et al., 2000; 

Park et al., 2007), making it difficult to disentangle which came first. Further, depression can 

impair cognitive function leading to a “pseudodementia” presentation, further highlighting 

challenges with making the distinction between MDD and dementia (Caraci et al., 2010; Korczyn 
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& Halperin, 2009). Furthermore, much of the research conducted in this area is cross-sectional 

and conducted in late life, limiting conclusions about if depression or depressive symptoms are a 

prodromal phase of dementia or consequence of the onset of dementia. 

In contrast to late life MDD, mild cognitive impairment (MCI) is a diagnosis that 

represents a well-accepted risk factor for the progression to dementia. MCI is defined as a 

condition that requires evidence of modest cognitive decline, as measured by standardized 

neuropsychological testing or quantified clinical assessment, from a previous level of 

performance in one or more cognitive domains (complex attention, executive function, learning 

and memory, language, perceptual motor, or social cognition) but that does not interfere 

significantly with activities of daily life (Gauthier et al., 2006). MCI is considered to represent 

early stage Alzheimer’s disease (Morris et al., 2001) and has been characterized as an 

intermediate state between normal cognition and dementia (Edmonds et al., 2014). Indeed, more 

than half of individuals with MCI progress to dementia within 5 years (Gauthier et al., 2006). 

Taken together, MCI represents a well-accepted risk factor for the progression to dementia, 

whereas the evidence related to MDD remains inconclusive. MCI may therefore serve as an 

informative, objectively cognitively impaired reference group when exploring new methods of 

examining cognitive performance in late life depression.  

Everyday Functioning 

Cognitive impairment is one of the most frequently self-reported enduring symptom for 

those in clinical remission from depression (Zimmerman et al., 2012), and is the most robust 

predictor of impaired everyday functioning in social and vocational functioning (Gualtieri & 

Morgan, 2008; Jaeger et al., 2006; Gupta et al., 2013). Indeed, individuals with depression 

experience impaired everyday functioning and perceive their functional impairment as 

significant, rating recovery of life functioning as a more important treatment goal than symptom 

remission (Zimmerman et al., 2006). Depressive symptom severity accounts for little variance in 
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predicting the persistence of functional impairment and functional disability persists despite 

remission from a major depressive episode (Adler et al., 2006; Kennedy et al., 2007). Cross-

sectional and longitudinal findings have implicated cognitive impairment as a robust predictor of 

everyday functioning (Buist-Bouwman et al., 2008; Jaeger et al., 2006; McIntyre et al., 2013). 

Older individuals with depression rate their quality of life as significantly worse than controls 

(Doraiswamy et al., 2002). Thus, research has established that cognitive deficits are related to 

difficulties with everyday functioning in MDD, and these difficulties persist despite symptom 

remission, but few studies have sought to examine if cognition characterized beyond our 

traditional measurements adds any predictive value in our understanding of who experiences the 

greatest impairments in everyday functioning in late life MDD.  

In the assessment of functional disability in individuals with severe mental illness, some 

researchers have parsed apart functioning to examine the ability to perform everyday tasks and 

actual real-world outcomes (Harvey, Velligan, & Bellack, 2007). Separating these constructs 

allows for an examination of functioning as a multidimensional construct: what a person can do 

(i.e., functional skills), and how a person actually performs in the world (i.e., real-world 

functioning). Functional skills can be measured by assessing an individual’s ability to perform 

tasks and activities related to functioning (e.g., paying bills, making a phone call) in a controlled 

setting. By assessing functional skills in a controlled setting, like a laboratory using props and 

tools where necessary, an individual’s level of ability in the skills needed to function 

independently in the real world can be measured. Real-world functioning is typically assessed 

through third party ratings of behaviour, direct observation, or self-report using scales to measure 

various areas of functioning (e.g., social interactions, managing household chores, vocational 

performance). 

Exploring cognitive performance on tests with parametric difficulty adjustments could 

provide insight into how changes in performance as tasks increase in difficulty relate to everyday 
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functioning. To date, no published research that we found has explored how differences in 

performance from the easiest to hardest level of a cognitive task relate to everyday functioning in 

a sample of individuals with remitted late life MDD. Individuals with remitted MDD are an 

important population to study as treatment of MDD typically focuses primarily on mood 

symptoms, however, functional disability persists despite improvements in mood (Adler et al., 

2006; Kennedy et al., 2007). In order to achieve full recovery, it is important to move beyond 

symptom remission and target mechanisms associated with functional recovery. Examining the 

relationship between changes in performance across cognitive tasks and functional skills and real-

world functioning may provide insight into what mechanisms are associated with functional 

recovery in remitted late life MDD, and may help us to understand who with late life MDD 

experiences the greatest difficulties in their everyday functioning.  

The Current Study 

 Traditional measurement techniques of cognitive abilities are sensitive to deficits that 

decline with aging in conditions like MCI, but in late life MDD, the level of sensitivity needed 

from these tests to detect cognitive impairments may be different. Exploring variability in task 

performance across difficulty levels may provide more detailed insight into the cognitive profile 

of late life MDD. In the present study, we propose new methods for probing cognition, which 

may be particularly relevant to individuals with late life MDD. The overarching goal of the 

current study was to explore if introducing new ways to conceptualize cognition in a sample with 

late life remitted MDD (MDD-R) helps us to uncover the cognitive impairments experienced in 

this group and to understand the relationship of cognitive performance as measured with these 

new tools to everyday functioning. 

This study will investigate whether diagnostic classifications can be characterized by 

differences in performance across cognitive tasks of increasing complexity. We hypothesize that 

the MCI groups (i.e., MCI and MCI with comorbid MDD-R) will show the greatest impairment 
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across the experimental tasks, followed by the MDD-R group, and the healthy comparison group 

will show significantly higher performance across all levels of the complex cognitive tasks. 

Additionally, this study will explore how changes in performance, as measured by difference 

scores, across complex cognitive tasks are related to everyday functioning across the diagnostic 

groups. We hypothesize that the magnitude of decline in performance as cognitive tasks become 

more complex will be associated with worse functional skills in the clinical groups (i.e., MDD-R, 

MCI, MCI with comorbid MDD-R). We also hypothesize that the magnitude of decline in 

performance as cognitive tasks become more complex will be associated with worse real-world 

functioning in the clinical groups (i.e., MDD-R, MCI, MCI with comorbid MDD-R). Thus, this 

study seeks to examine if diagnostic group differences exist on cognitive tasks of increasing 

complexity, specifically to examine the cognitive profile of late life MDD-R as compared to 

healthy comparison participants and participants with MCI, and to ascertain the degree to which 

changes in performance across complex cognitive tasks predicts everyday functioning. 
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Chapter 2 

Methods 

Participants 

 These data were collected from baseline assessments prior to randomization into a 

preventative intervention for Alzheimer’s Dementia for individuals at clinical risk. The study 

proposed to recruit four groups of older persons with MCI, MDD-R, MCI and comorbid MDD-R, 

and healthy comparison participants. The total sample consisted of 422 older persons with MCI, 

MDD-R, MCI and comorbid MDD-R, or healthy comparison participants.  

Inclusion criteria for the MCI group consisted of (1) age ≥ 60, (2) Montgomery-Asberg 

Depression Rating Scale (MADRS; Montgomery & Asberg, 1979) score of 10 or below, (3) 

willingness to provide informed consent, (4) availability of a study partner who has regular 

contact with the participant to serve as their informant, (5) ability to read and communicate in 

English, and (6) DSM-5 criteria met for Mild Neurocognitive Disorder (“MCI”).  

 Inclusion criteria for the MDD-R group consisted of (1) age ≥ 65, (2) MADRS score of 

10 or below, (3) meets DSM-5 criteria for one or more MDE with an offset of 2 months to 5 years 

from the screening visit date, or an offset of 5 years or more from the screening visit date, with at 

least one previous MDE receiving medical attention (e.g., previously been on one or more 

antidepressant, saw a psychiatrist), (4) willingness to provide informed consent, (5) availability of 

a study partner who has regular contact with the participant to serve as their informant, (6) ability 

to read and communicate in English.  

 To be included in the MDD-R group, participants could not also have MCI. However, in 

order to study participants with both MCI and MDD-R, a third MCI with comorbid MDD-R 

clinical group was created. The different age cut-off between the MDD-R and MCI groups was 
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chosen because at the time the study was designed, the evidence on progression to dementia in 

patients with MCI or MDD was available in different age groups. 

Exclusion criteria for both the MCI and MDD-R groups included: (1) meets DSM-5 

criteria for Major Neurocognitive Disorder (“dementia”), (2) lifetime DSM-5 diagnosis of 

schizophrenia, bipolar disorder, or OCD, (3) DSM-5 diagnosis of alcohol or other substance use 

disorder within the past 12 months, (4) high risk for suicide, (5) significant neurological condition 

(e.g., stroke, seizure disorder, Multiple Sclerosis), (6) having taken a cognitive enhancer 

(acetylcholinesterase inhibitor or memantine) within the past 6 weeks, and (7) received 

electroconvulsive therapy within 6 months of baseline neuropsychological testing. 

 Inclusion criteria for the healthy comparison group consisted of (1) age ≥ 60, (2) 

MADRS score of 10 or below, (3) willingness to provide informed consent, (4) ability to read and 

communicate in English. Exclusion criteria for the healthy comparison group included: (1) meets 

DSM-5 criteria for Minor or  Major Neurocognitive Disorder, (2) any other lifetime DSM-5 

diagnosis except for simple/specific phobias (3) significant neurological condition (e.g. stroke, 

seizure disorder, Multiple Sclerosis), (4) unstable medical illness (e.g., uncontrolled diabetes 

mellitus or hypertension), (5) taking anticonvulsants and other psychotropic medication that 

cannot be safely tapered and discontinued, (6) neuropsychological testing within the past 12 

months.  

Recruitment  

 Participants were recruited, screened, and assessed at five sites in Toronto, Ontario 

(Centre for Addiction and Mental Health, University Health Network, Baycrest Health Centre, St. 

Michael’s Hospital, and Sunnybrook Health Sciences). Recruitment occurred through referral of a 

clinician team member from one of the participating sites treating a potential participant, study 

advertisements (newspaper, magazines, online social media postings) and flyers posted in the 

community, community presentations to lay groups of elderly individuals and their families and 



 

 

 

14 

contact of former research participants who previously consented to be contacted for future 

research studies from CAMH. Prospective participants who were not referred from a team 

member and whose diagnostic criteria were not already established attended an initial clinical 

appointment covered by OHIP in advance of the baseline assessment to determine whether the 

potential participant would be an appropriate candidate for the study as per exclusion and 

inclusion criteria, prior to review of informed consent. 

Materials and Procedure 

 All participants were administered the Structured Clinical Interview for the DSM-5 

(SCID; First, Williams, Karg, & Spitzer, 2015) by trained psychometrists to determine eligibility 

based on psychiatric exclusion and inclusion criteria. The SCID is considered to be the gold 

standard semi-structured assessment for psychological disorders and assesses current and lifetime 

psychiatric disorders. Baseline data were collected following the establishment of inclusion 

criteria by a blinded trained psychometrist with at least a bachelor’s degree. The baseline 

assessment consisted of demographic variables, objective neurocognition, and functional skills.  

Objective Neurocognition 

Cognitive functioning was assessed using a battery of standardized neuropsychological 

tests. Raw scores on cognitive measures were converted to standardized scores (z-scores: mean, 

0; standard deviation, 1) based on normative data in the instrument’s manual. A composite for 

each domain (learning and memory, attention and processing speed, and executive functioning) 

was created by averaging the z-scores of the variables within that domain. A neurocognitive 

composite score was then calculated to provide an overall measure of neurocognitive functioning, 

by averaging the neurocognitive variables, with equal weight given to each test. Reliability for the 

three domains was good (Cronbach’s alpha = .79). 

Learning and memory. The ability to learn new verbal and visual memory were assessed 

with the California Verbal Learning Test – 2nd edition (CVLT-II; Delis et al., 2000) and Brief 
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Visuospatial Memory Test-Revised (BVMT-R; Benedict, 1997) respectively. The CVLT-II is a 

measure of verbal episodic and learning memory in which participants listen to the same 16-word 

list (List A), which are grouped into four semantic categories, read by an examiner over five 

immediate recall trials. Participants are then presented with a second word list (List B), which acts 

as an interference list, and are asked to recall as many words as possible. Without another exposure, 

participants are asked to recall List A again. Participants then complete a cued recall of List A in 

which they are asked to list all of the words under each semantic category. Following a 20-minute 

delay, participants are asked to recall as many words as they can from List A. The total number of 

correct words from all five immediate trials and the number of words recalled at the delay trial were 

used as the immediate and delayed outcome variables. The BVMT-R is a test of visual memory 

whereby participants are given three trials to learn and reproduce six figures, followed by a delay 

recall 25 minutes later. The immediate and delayed outcome variables were calculated from the 

accuracy of figures from all three immediate trials and the delayed trial. 

 Attention and processing speed. The ability to quickly and accurately discriminate visual 

stimuli, make simple decisions, and sustain concentration was assessed using Digit Symbol Coding 

(DSC; Wechsler, 2008), the Trail Making Test Part A (TMT-A; Partington & Leiter, 1949), and 

the Controlled Oral Word Association Test letter and category fluency subtests (COWAT; Spreen 

& Benton, 1977). The DSC test contains a key at the top of the page with paired symbols and digits, 

followed by a series of digits. Participants must write the corresponding symbol under each number 

as quickly as possible over a period of 90-seconds, providing an outcome variable of total number 

of correct responses. The TMT-A requires participants to rapidly draw lines to connect 25 randomly 

placed numbers in consecutive order. The outcome variable is total time to completion, in seconds. 

The COWAT is a measure of verbal fluency and requires participants to say as many words as 

possible beginning with three specific letters and a semantic category in 60 second intervals. The 

outcome variable is the total number of correct words.  
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 Executive functioning. The ability to alternate between two features of a stimuli or set-

shift was assessed using the Trail Making Test-B (TMT-B; Partington & Leiter, 1949) and the 

Stroop Colour and Word Test (Stroop, 1935). In TMT-B, participants were required to alternate 

between drawing lines to connect 25 randomly placed numbers and letters in ascending order (e.g., 

1-A-2-B-3-C). The outcome variable is completion time in seconds. In the Stroop test, participants 

are required to read coloured words which are printed in inconsistent colour ink (e.g., the word red 

is printed in green ink) and say the name of the colour of the ink instead of reading the word as fast 

as possible.  

Functional Skills 

The Performance Assessment of Self-Care Skills (PASS; Rogers & Holm, 2014) was 

used to assess functional skills. The PASS is a performance-based, criterion referenced 

observation tool that assesses how much assistance is needed by the participant to complete 

various tasks in a laboratory setting rated by a clinician. A brief, 2-item version of the PASS was 

used in this study with a cognitive emphasis, assessing shopping capacity (i.e., properly selecting 

and purchasing grocery items) and financial capacity (i.e., bill payment and chequebook 

balancing). Independence of completion of items is scored based on the level of support needed 

by the participant to complete the task: Level 1 (provision of verbal support to encourage 

performance, e.g., “keep at it”), Level 2 (provision of non-directive verbal cues to facilitate 

performance, e.g., “is there anything missing?”), Level 3 (provision of verbal directive, e.g., “the 

date needs to be filled in on the check”), Level 4 (provision of gestural cues to the participant, 

e.g., pointing at an item), Level 5 (rearranging task objects or environment to assist the 

participant, e.g., removing task objects that are distracting and then presenting them as needed), 

Level 6 (demonstrating how to do a task), Level 7 (provision of facilitative physical guidance), 

Level 8 (provision of physical support of the body or an extremity in completing the task), Level 

9 (provision of total assistance, i.e., the examiner does the task for the participant).  
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The independence summary scores for the independence subtasks were averaged to 

calculate an independence mean score (PASS IMS). The PASS IMS ranges from 0-3: 3 = no 

assists given for task initiation, continuation, or completion; 2 = no level 7-9 assists given, but 

occasional level 1-6 assists given, 1 = no level 9 assists given, or occasional level 7 or 8 assists 

given, or continuous level 1-6 assists given, 0 = level 9 assists given, or continuous level 7 or 8 

assists given, or unable to initiate, continue or complete task. Higher values indicate lower level 

of assistance required (i.e., greater independence). Cronbach’s alpha for this measure was .55.   

Real-World Functioning 

 The Clinical Dementia Rating scale (CDR; Morris, 1993) is a semi-structured interview 

conducted with a participant or reliable informant used to quantify the severity of dementia based 

on six domains of cognitive and functional ability: memory, orientation, judgement and problem 

solving, community affairs, homes and hobbies, and personal care. The CDR is an ordinal scale 

ranging from 0-3: 0 = no dementia; 0.5 = questionable dementia; 1 = MCI; 2 = moderate 

cognitive impairment; 3 = severe cognitive impairment. Higher scores indicate worse 

functioning. Cronbach’s alpha for this measure was .73. 

Depression Symptom Severity 

The Montgomery-Asberg Depression Rating Scale (MADRS; Montgomery & Asberg, 

1979) is a 10-item clinician administered measure used to assess depression symptom severity. 

Trained psychometrists administered the MADRS to participants. Each item is rated on a scale of 

0 to 6, with higher scores representing increased depression symptom severity. Cronbach’s alpha 

for this measure was .52.  

Experimental Cognitive Tasks with Titration of Complexity 

Working memory refers to the ability to temporarily hold information in your mind while 

performing a manipulation. Three working memory tasks were selected that have parametric 

changes in difficulty to allow us to measure performance across increasing task complexity: The 
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Paced Auditory Serial (PASAT; Gronwall, 1977), Continuous Performance Test, Identical Pairs 

(CPT-IP; Nuechterlein et al., 2008), and the n-back (Gevins & Cutillo, 1993). The PASAT is a 

test of verbal (auditory) working memory. Participants are required to listen to a digitally 

recorded voice that delivers a random series of numbers (61 numbers, ranging from 1 to 9) 

through computer speakers (McInerney, 2004). Participants were instructed to add the numbers 

out loud in pairs such that each new number is added to the digit delivered immediately prior to 

it. Participants say the sum of the numbers out loud each time a new number is delivered by the 

computer. The computer delivers numbers continuously at a fixed rate. There are two difficulty 

levels of the PASAT, with the first level presenting digits at a fixed rate of one digit every 2.4 s, 

followed by the next level presenting digits at a faster rate of one digit every 1.6 s. This task 

yields two outcome variables of total correct responses in each condition (1.6 s and 2.4 s).  

The n-back is a continuous working memory task that requires participants to indicate 

whether a stimulus presented is the same as or different from a stimulus presented n trails before. 

For example, in a 1-back task in which the trials consist of letters, participants have to decide 

whether the current letter is the same as the letter in trial n – 1. When the stimulus is the same, the 

trial is labeled as a Target trial. When the stimulus is different, the trial is labeled as a Non-Target 

trial. The task requires participants to temporarily store each stimulus in working memory and 

continuously update incoming stimuli, while inhibiting irrelevant items, and respond with a button 

press to indicate ‘target’ or ‘non-target’. N varies among 1, 2, and 3, allowing the assessment of 

performance across increasing working memory span. In this version of the n-back, black capital 

letters were presented as stimuli for 250 ms followed by a delay period of 300 ms during which the 

participant was required to respond. In the 1- and 2-back conditions, stimuli were presented 

continuously for 15 minutes. In the 3-back condition, stimuli were presented continuously for 30 

minutes to ensure that the frequency of Target trials was similar to those presented in the 1- and 2-

back conditions. The primary outcome measure was d prime (i.e., d’), or the signal detection index, 
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which was calculated as the ratio between the number of correct Target trials (i.e., “hits”) and 

number of Non-Target trials (i.e., “false alarms”). d’ provides a measure of the discrimination of 

target from nontarget when performing a task and was calculated for each condition of the n-back, 

with higher scores representing better working memory performance.  

The CPT-IP is a working memory task in which participants are asked to respond as quickly 

as possible when two identical stimuli are presented in a row. Numbers are flashed on the screen at 

a constant rate of one per second with 50 ms onset intervals. The CPT-IP has three conditions that 

allow for examination of performance across increasing difficulty: 2-digit, 3-digit, and 4-digit. Each 

condition has 150 trials and took approximately 3 minutes. Participants were instructed to click the 

left mouse button as soon as two identical stimuli appeared one after the other. The primary 

outcome measure was d’, which was calculated as the ratio between the number of “hits” (e.g., 

“1233” followed by “1233”) and “false alarms” (e.g., “2341” followed by “2344”). A d’ score was 

calculated for each condition, and higher d’ values represent better working memory performance.  

To examine the changes in performance across the difficulty levels of the complex 

cognitive tasks, difference scores were calculated. Difference scores were calculated for each task 

by subtracting raw performance accuracy on the most challenging level of each task from the easiest 

level of the task (i.e., PASAT: 2.4 – 1.6s; n-back: 3-back – 1-back; CPT-IP: 4-digit – 2-digit). 

Difference scores have been demonstrated to be a reliable method to calculate change in measures 

over time in a nonrandomized sample (Castro-Schilo & Grimm, 2017).  

Demographic Variables 

Demographic variables of age, sex, ethnicity, education level, marital status, living 

arrangements, and premorbid cognition were gathered from participants to characterize the sample.   

Statistical Analysis 

Chi-square analyses were conducted with the groups on categorical descriptive 

characteristics (sex, ethnicity, highest level of education achieved, and marital status).  
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To examine group performance across the three complex cognitive tasks, three repeated 

measures analysis of variance (ANOVA) tests were computed. Raw performance accuracy on the 

PASAT was examined with a four (group: MCI, MCI+MDD-R, MDD-R, healthy comparison) x 

two (difficulty level: 2.4s, 1.6s) repeated measures ANOVA test. Performance on the n-back as 

measured by d’ was examined with a four (group: MCI, MCI+MDD-R, MDD-R, healthy 

comparison) x three (difficulty level: 1-back, 2-back, 3-back) repeated measure ANOVA test. 

Performance on the CPT-IP as measured by d’ was examined with a four (group: MCI, 

MCI+MDD-R, MDD-R, healthy comparison) x three (difficulty level: 2 digit, 3 digit, 4 digit) 

repeated measure ANOVA test. Significant interactions were followed up using planned 

orthogonal contrasts. To examine the degree of deficit in performance accuracy relative to healthy 

comparison participants on the PASAT, n-back, and CPT-IP, performance accuracy was 

transformed into z-scores for the MCI, MDD-R, and MCI+MDD-R groups using the healthy 

comparison participants performance accuracy on each of the tasks.  

To investigate the relationship between the difference scores on the complex cognitive 

tests and functional skills and real-world functioning, two-tailed bivariate Pearson’s correlations 

were calculated using the entire clinical sample (MCI, MDD-R, MCI+MDD-R) between primary 

study variables (PASAT difference score, n-back difference score, CPT-IP difference score, 

PASS IMS, and CDR). Difference scores that were significantly correlated to functional skills or 

real-world functioning were used in subsequent regressions.  

Two hierarchical linear regressions were conducted in the clinical sample (i.e., MDD-R, 

MCI, MCI+MDD-R groups) to examine if the difference scores that were significantly correlated 

to functional skills or real-world functioning predicted additional variance in functional skills and 

real-world functioning after accounting for global neurocognition. For each regression, the 

neurocomposite cognitive score was entered into block 1 to quantify the variance in functioning 

accounted for by global neurocognition. In block 2, difference scores that were significantly 
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correlated to functional skills or capacity were entered to see whether these variables predicted 

significant additional variance in the two levels of functioning (skills and real-world functioning). 

Functional skills (PASS IMS) and real-world functioning (CDR) were the dependent variables. 

Analyses were checked for multicollinearity using the tolerance and variance inflation matrix 

values. Exploratory analyses were conducted to explore if difference scores significantly 

correlated to functional skills or real-world functioning differentially predict functional skills and 

real-world functioning across diagnostic groups.  
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Chapter 3 

Results 

Participants 

 The MDD-R group consisted of 93 participants, MCI group included 200 participants, 

MCI with comorbid MDD-R consisted of 80 participants, and the healthy comparison group 

consisted of 53 participants. Please refer to Table 1 for descriptive characteristics of the sample 

by group. Four participants with MCI were excluded from analyses as they did not complete 

neuropsychological testing. Please see Table 2 for clinical characteristics of the MDD-R groups.
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Table 1 
Descriptive Statistics by Group 

  

MDD-R 
 

(n = 93) 

MCI 
 

(n = 200) 

MCI+MDD-R 
 

(n = 80) 

 
Healthy 

Comparison 
 

(n = 53) 

 
Statistic p  

 
Age M (SD) 70.42 (4.47) 72.76 (7.39) 71.86 (5.16) 

 
69.42 (5.38) 

 
F(3,420) = 5.65 .001 

Sex n (%)     c2(3) = 6.12 .11 
Female 38 (54.29) 117 (59.10) 73 (60.83) 161 (58.76)   

Male 32 (45.71) 81 (40.90) 47 (39.17) 113 (41.24)   

Ethnicity n (%)    
  

c2(12) = 23.18 .03 
Caucasian 85 (91.40) 139 (70.20) 63 (78.80) 44 (83.00)  

 
Black 1 (1.10) 16 (8.10) 6 (7.50) 1 (1.90)   
Asian 2 (2.20) 25 (12.60) 6 (7.50) 4 (7.5)   

Undisclosed 0 2 (1.00) 0 2 (3.80)   
Other 5 (5.40) 16 (8.1) 5 (6.30) 2 (3.80)   

Education Level n (%)     c2(18) = 16.62 .55 

Less than 7th Grade 0 2 (1.00) 1 (1.30) 0   
Junior High (9th Grade) 2 (2.20) 1 (.50) 3 (3.80) 0   

Partial High School (10th or 11th) 1 (1.11) 7 (3.50) 3 (3.80) 1 (1.90)   
High School Graduate 6 (6.50) 22 (11.11) 9 (11.30) 4 (7.50)   

Partial College (at least 1 year) 12 (12.90) 19 (9.60) 9 (11.30) 2 (3.80)   
College Education 43 (46.20) 92 (46.50) 38 (47.50) 31 (58.50)   

Graduate Degree 29 (31.20) 55 (27.80) 17 (21.30) 15 (28.30)   
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 Note. a represented in z-score.

 
 

MDD-R 
 

(n = 93) 

MCI 
 

(n = 200) 

MCI+MDD-R 
 

(n = 80) 

 
Healthy 

Comparison 
 

(n = 53) 

 
Statistic p 

Marital Status n (%)     c2(15) = 16.71 .34 

Never married 12 (12.90) 25 (12.60) 14 (17.50) 7 (13.20)   
Married/Common-law 44 (47.30) 98 (49.50) 38 (47.50) 32 (60.40)   

Separated 5 (5.40) 9 (4.50) 2 (2.50) 1 (1.90)   
  Divorced and not remarried 26 (28.00) 34 (17.20) 20 (25.00) 8 (15.10)   

Widowed 6 (6.50) 31 (15.70) 6 (7.50) 5 (9.40)  
 

Other 0 1 (.50) 0    
Living Arrangements n (%)     c2(12) = 14.01 .30 

Home (Independent) 93 (100.00) 191 (96.50) 80 (100.00) 51 (96.20)   
Supportive housing 0 1 (.50) 0 0   

Retirement home/ 
personal care home 0 4 (2.00) 0 

 
1 (1.90) 

 
 

Other 0  2 (1.00) 0 1 (1.90)   
Employment n (%)     c2(24) = 31.76 .13 

Retired 77 (82.80) 149 (75.30) 68 (85.00) 39 (73.60)   
Employed full time 1 (1.10) 11 (5.60) 2 (2.50) 6 (11.30)   
Employed part time 12 (12.90) 25 (12.60) 8 (10.00) 5 (9.40)   

Homemaker 0 2 (1.00) 0 1 (1.19)   
Student 1 (1.10)      

Leave of absence  0 0 0 0   

Unemployed 2 (2.20) 7 (3.50) 2 (2.50) 3 (3.57)   

Other 0 3 (1.50) 0 3 (5.66)   

Neurocomposite Cognitive Score M (SD)a -.21 (.53) -.93 (.79) -1.00 (.77) .15 (.40) F(3, 418) = 52.89 
 

< .001 
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Table 2 

Clinical Characteristics of MDD-R Groups 

Note. a measured using the MADRS. 

Performance on Complex Cognitive Tasks 

Participants’ performance accuracy on each of the complex cognitive tasks was 

transformed into z-scores using healthy comparison participants performance accuracy. Please 

see Table 3 for a presentation of z-scores of clinical participants’ performance on each of the 

complex cognitive tasks and Table 4 for a presentation of group mean performance on each of the 

complex cognitive tasks. 

Table 3 

Clinical Group Performance Accuracy on Complex Cognitive Tasks Transformed into z-scores 

 MDD-R MCI MCI+MDD-R 

 M SD M SD M SD 
PASAT       

2.4s -.71 1.28 -1.48 1.44 -1.72 1.49 
1.6s -.50 .98 -1.05 1.05 -1.26 1.27 

n-back       
1-back -.67 .94 -.79 1.06 -1.06 1.01 
2-back -.65 1.20 -1.21 1.32 -1.58 1.11 
3-back -.38 1.05 -.74 .99 -.74 .81 

CPT-IP       
2-digit -.25 1.04 -.84 1.34 -.90 1.40 
3-digit -.31 1.03 -.87 1.13 -.75 1.03 
4-digit -.16 1.03 -.47 .99 -.49 .96 

 

  

MDD-R 
 

(n = 93) 

MCI+MDD-R 
 

(n = 80) 

 
Statistic p  

 
Age of onset M (SD) 38.32 (18.24) 40.25 (17.60) F(1, 167) = .48 .49 
Number of previous episodes M (SD) 3.32 (1.41) 2.89 (1.44) F(1, 162) = 7.43 .058 
Medication n (%)   c2(3) = 4.47 .21 

Antidepressant 53 (57.00) 36 (45.00)   
Sedative 16 (17.20) 21 (26.25)   

Stimulant 1 (1.10) 1 (1.25)   
Atypical antipsychotic 2 (2.15) 0   

No medication 21 (22.58) 22 (27.50)   

Symptoms M (SD)a 4.78 (3.26) 5.03 (3.11) F(1, 171) = .24 .62 
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Group Differences on Cognitive Tasks with Parametric Adjustment of Complexity 

On the PASAT, the main effect of difficulty level was significant, F(2, 399) = 713.63, p 

< .001, partial η2 = .64. Participants had declines in performance on the most difficult level (M = 

22.46, SE = .63) compared to the easiest level (M =33.33, SE = .80). The interaction between 

group and difficulty level was significant, F(3, 399) = 7.85, p < .001, partial η2 = .056 (Figure 1). 

The significant interaction was followed up using planned orthogonal contrasts. The healthy 

comparison group (M = 42.49, SD = 10.52) performed significantly better than the MDD-R group 

(M = 35.07, SD = 13.51) on the 2.4 second condition, t(1, 405) = 2.99, p = .003. The MDD-R 

group (M = 35.07, SD = 13.51) performed significantly better than the MCI (M = 26.98, SD = 

15.01) and MCI with comorbid MDD-R (M = 24.35, SD = 15.71) groups on the 2.4 second 

condition, t(1, 405) = 5.25, p < .001 . On the 1.6 second condition, the healthy comparison group 

(M = 30.14, SD = 10.94) performed significantly better than the MDD-R group (M = 24.65, SD = 

10.77), t(1, 401) = 2.76, p = .005, and the MDD-R group (M = 24.65, SD = 10.77) performed 

significantly better than the MCI (M = 18.60, SD = 11.48) and MCI with comorbid MDD-R (M = 

16.34, SD = 11.65) groups, t(1, 401) = 5.07, p < .001. 
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Figure 1 

Interaction between PASAT difficulty level and group 

 

 

Note. A significant interaction was found between PASAT difficulty level and group, p < .001.  
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Table 4 

Descriptive Statistics of Raw Performance Accuracy on Cognitive Tasks with Parametric 

Adjustment of Complexity 

 MDD-R MCI MCI+MDD-R Healthy 
Comparison 

 M SD M SD M SD M SD 
PASAT         

2.4s 35.07 13.51 26.98 15.01 24.35 15.71 42.49 10.52 
1.6s 24.65 10.77 18.60 11.48 16.34 11.65 30.14 10.94 

n-back         
1-back 2.80 .71 2.71 .77 2.49 .84 3.29 .73 
2-back 2.39 .96 1.95 1.05 1.67 .89 2.90 .77 
3-back 1.28 .70 1.01 .75 1.03 .54 1.53 .67 

CPT-IP         
2-digit 3.46 .61 3.10 .81 3.05 .86 3.60 .59 
3-digit 2.79 .78 2.36 .86 2.45 .78 3.02 .76 
4-digit 1.50 .79 1.27 .76 1.25 .74 1.63 .77 

 

On the n-back, the main effect of difficulty level was significant, F(2, 688) = 594.79, p < 

.001, partial η2 = .63. Participants had a significant decline in performance accuracy as the task 

increased in difficulty (M = 1.21, SE = .04) as compared to the easiest level (M = 2.84, SE = .04). 

The interaction between difficulty level and group was significant on the n-back, F(6, 688) = 

4.93, p < .001, partial η2 = .041 (Figure 2).  

Figure 2 

Interaction between n-back difficulty level and group 

 

 

Note. A significant interaction was found between n-back difficulty level and group, p < .001.  
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The significant interaction was followed up using planned orthogonal contrasts. On the 1-

back, healthy comparison participants (M = 3.29, SD = .73) performed significantly better than 

the MDD-R group (M = 2.80, SD = .71), t(1, 389) = 3.67, p < .001, and the MDD-R group (M = 

2.80, SD = .71) performed significantly better than the MCI (M = 2.71, SD = .77) and MCI with 

comorbid MDD-R (M = 2.49, SD = .84) groups, t(1, 389) = 1.99, p = .047. On the 2-back, healthy 

comparison participants (M = 2.90, SD = .77) performed significantly better than the MDD-R 

group (M = 2.39, SD = .96), t(1, 381) = 2.98, p = .003. The MDD-R group (M = 2.39, SD = .96) 

performed significantly better than the MCI (M = 1.95, SD = 1.05) and MCI with comorbid 

MDD-R (M = 1.67, SD = .89) groups on the 2-back, t(1, 381) = 4.71, p < .001. On the 3-back, 

healthy comparison participants (M = 1.53, SD = .67) performed significantly better than the 

MDD-R group (M = 1.28, SD = .70), t(1, 347) = 1.99, p = .047, and the MDD-R group performed 

significantly better than the MCI (M = 1.01, SD = .75) and MCI with comorbid MDD-R (M = 

1.03, SD = .54) groups, t(1 347) = 2.81, p = 005.   

On the CPT-IP, the main effect of difficulty level was significant, F(2, 826) = 1032.81, p 

< .001, partial η2 = .71. Participants had a significant decline in performance accuracy as the task 

increased in difficulty (M = 1.41, SE = .04) as compared to the easiest level (M =3.31, SE = .04). 

The interaction between difficulty level and group was not significant on the CPT-IP, F(6, 826) = 

1.59, p = .15, partial η2 = .011 (Figure 3). Group performance means are presented in Table 4. 
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Figure 3 

Interaction between CPT-IP difficulty level and group 

 

 

Note. No significant interaction was found between CPT-IP difficulty level and group, p = .150.  

  

Correlations Between Neurocognitive Scores and Functional Skills and Real-World 

Functioning 

 Overall lower neurocognitive functioning was significantly correlated with worse 

functional skills, r = .58, p < .001, as well as worse real-world functioning, r = -.51, p < .001.  

Large declines in performance on across difficulty levels of the PASAT, as measured with the 

PASAT difference score, was significantly correlated with worse functional skills, r = -.31, p < 

.001, and lower real-world functioning, r = .22, p < .001. Changes in performance across 

difficulty levels of the n-back, as measured with the n-back difference score, were not 

significantly correlated with functional skills, r = .01, p = .78, or real-world functioning, r = .02, p 

= .67. Changes in performance across difficulty levels of the CPT-IP, as measured with the CPT-

IP difference score, were not significantly correlated with functional skills, r = -.04, p = .40, or 
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real-world functioning, r = .04, p = .47. All correlations among the neurocomposite cognitive 

score, difference scores, and functional skills and real-world functioning are presented in Table 7.  

 

Table 5 

Two-Tailed Correlations between Neurocognitive Scores and Functional Skills and Real-World 

Functioning in the Clinical Groups 

 NCS PASAT 
difference 

score 

n-back 
difference 

score 

CPT-IP 
difference 

score 

PASS IMS CDR 

NCS -       
PASAT difference score -.41** -     
n-back difference score .08 -.03 -    
CPT-IP difference score -.04 .01 .13* -   
PASS IMS    .58** -.31** .01 -.04 -  
CDR -.51**   .22** .02 .04 -.38** - 

Note. NCS = Neurocomposite Cognitive Score. CDR = Clinical Dementia Rating (i.e., Real-
World Functioning; higher scores indicate worse functioning). PASS IMS = Performance 
Assessment of Self-Care Skills Independence Mean Score (i.e., Functional Skills; lower scores 
indicate worse functioning).  *p < .05, **p < .001 
 

Regression Analysis Between Cognition and Functioning 

 To address the objective of determining whether changes in performance across a 

complex cognitive task are related to functional skills and real-world functioning, two 

hierarchical regressions were performed in the clinical group. First, a hierarchical regression was 

conducted for functional skills (see Table 7 for correlations between functional skills and 

variables considered for the model) to determine the independent predictive strength of the 

PASAT difference score on functional skills, after accounting for global neurocognition. Similar 

analyses with the n-back and CPT-IP difference scores were not performed since the correlation 

between these differences scores and functional skills were not significant (r = .01, p = .78, and r 

= -.04, p = .40, respectively).  

 The regression equation for functional skills was significant with the neurocomposite 

score entering first, F(1, 335) = 165.58, p < .001, R2Δ = .33. However, the addition of the PASAT 

difference score did not add meaningful variance accounted for, F(1,334) = 2.56, p = .11, R2Δ = 
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.005. See Table 8 for beta coefficients for the neurocomposite score and the PASAT difference 

score.  

 

Table 6 

Regression Coefficients for Functional Skills Regression Models in the Clinical Groups 

  B SE Beta t p 
 Functional Skills      
Model 1 NCS .14 .01 .57 12.87 < .001 
Model 2 NCS .13 .01 .54 11.07 < .001 
 PASAT difference 

score 
-.002 .001 -.08 -1.60 .11 

Note. NCS = Neurocomposite Cognitive Score. 

 

 A second hierarchical regression was conducted for real world-functioning (see Table 7 

for correlations between real-world functioning and variables considered for the model) to 

determine the independent predictive strength of the PASAT difference score on real-world 

functioning, after accounting for global neurocognition. Similar analyses with the n-back and 

CPT-IP difference scores were not performed since the correlation between these differences 

scores and real-world functioning were not significant (r = .02, p = .67, and r = -.04, p = .40, 

respectively). 

The regression equation for real-world functioning was significant with the 

neurocomposite score entering first, F(1, 337) = 61.42, p < .001, R2Δ = .15. However, the 

addition of the PASAT difference score did not add significant variance accounted for, F(1,334) 

= .029, p = .86, R2Δ = .00. See Table 9 for beta coefficients for the neurocomposite score and the 

PASAT difference score. 
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Table 7 

Regression Coefficients for Real-World Functioning Regression Models in the Clinical Groups 

  B SE Beta t p 
 Real-World Functioning      
Model 1 NCS -.32 .04 -.39 -7.84 < .001 
Model 2 NCS -.31 .04 -.39 -7.06 < .001 
 PASAT difference score .001 .005 .009 .17 .86 

Note. NCS = Neurocomposite Cognitive Score. 

Exploratory Regression Analyses 

 To explore if PASAT difference scores differentially predicts functional skills and real-

world functioning across the clinical groups, exploratory hierarchical regression analyses were 

conducted. See Tables 10-12 for bivariate correlations between PASAT, the neurocomposite 

cognitive score and functional skills by clinical group, and Tables 13-15 for bivariate correlations 

between PASAT, neurocomposite cognitive score and real-world functioning by clinical group. 

The PASAT difference score did not add additional variance above and beyond the 

neurocomposite cognitive score in predicting either functional skills or real-world functioning in 

any of the clinical groups. See Table 16 and 17 for regression model summaries for functional 

skills and real-world functioning by clinical group. Regression coefficients for functional skills 

and real-world functioning by clinical group are presented in Table 18 and 19, respectively.  

 

Table 8 

Correlations Between Variables in the Exploratory Functional Skills Hierarchical Regression in 

the MDD-R Group 

 NCS PASAT 
difference 

score 
NCS -   
PASAT difference score -.37** - 
PASS IMS .49** -.23* 

Note. NCS = Neurocomposite Cognitive Score. *p < .05, **p < .001 
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Table 9 

Correlations Between Variables in the Exploratory Functional Skills Hierarchical Regression in 

the MCI Group 

 NCS PASAT 
difference 

score 
NCS -   
PASAT difference score -.19* - 
PASS IMS .34** -.18* 

Note. NCS = Neurocomposite Cognitive Score. *p < .05, **p < .001 

 

Table 10 

Correlations Between Variables in the Exploratory Functional Skills Hierarchical Regression in 

the MCI+MDD-R Group 

 NCS PASAT 
difference 

score 
NCS -   
PASAT difference score -.37** - 
PASS IMS .49** -.23* 

Note. NCS = Neurocomposite Cognitive Score. *p < .05, **p < .001 

 

Table 11 

Correlations Between Variables in the Exploratory Real-World Functioning Hierarchical 

Regression in the MDD-R Group 

 NCS PASAT 
difference 

score 
NCS -   
PASAT difference score -.18* - 
CDR -.27* .00 

Note. NCS = Neurocomposite Cognitive Score. *p < .05, **p < .001 
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Table 12 

Correlations Between Variables in the Exploratory Real-World Functioning Hierarchical 

Regression in the MCI Group 

 NCS PASAT 
difference 

score 
NCS -   
PASAT difference score -.46** - 
CDR -.30** .22* 

Note. NCS = Neurocomposite Cognitive Score. *p < .05, **p < .001 

 

 

Table 13 

Correlations Between Variables in the Exploratory Real-World Functioning Hierarchical 

Regression in the MCI+MDD-R Group 

 NCS PASAT 
difference 

score 
NCS -   
PASAT difference score -.37* - 
CDR -.22** -.04 

Note. NCS = Neurocomposite Cognitive Score. *p < .05, **p < .001 

 

 

Table 14 

Regression Model Summary for Exploratory Functional Skills Regression by Clinical Group 

  R2Δ F df p 
 Functional Skills – MDD-R     
Model 1 NCS .12 10.88 82 .001 
Model 2 PASAT difference score .01 1.38 81 .24 
 Functional Skills – MCI     
Model 1 NCS .38 110.05 176 < .001 
Model 2 PASAT difference score .004 1.19 175 .28 
 Functional Skills – MCI+MDD-R     
Model 1 NCS .24 23.60 73 < .001 
Model 2 PASAT difference score .002 .24 72 .63 

Note. NCS = Neurocomposite Cognitive Score. 
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Table 15 

Regression Model Summary for Exploratory Real-World Functioning Regression by Clinical 

Group 

  R2Δ F df p 
 Real-World Functioning – MDD-R     
Model 1 NCS .07 6.41 83 .013 
Model 2 PASAT difference score .002 .21 82 .64 
 Real-World Functioning – MCI     
Model 1 NCS .09 17.77 177 < .001 
Model 2 PASAT difference score .008 1.57 176 .21 
 Real-World Functioning – MCI+MDD-R     
Model 1 NCS .05 3.62 73 .061 
Model 2 PASAT difference score .02 1.24 72 .27 

Note. NCS = Neurocomposite Cognitive Score. 

 

Table 16 

Regression Coefficients for Exploratory Functional Skills Regression Models by Clinical Group 

  B SE Beta t p 
 Functional Skills – MDD-R      
Model 1 NCS .08 .02 .34 3.30 .001 
Model 2 NCS .08 .02 .21 3.03 .003 
 PASAT difference score -.002 .002 -.12 -1.17 .24 
 Functional Skills – MCI      
Model 1 NCS .14 .01 .62 10.49 < .001 
Model 2 NCS .14 .01 .59 8.82 < .001 
 PASAT difference score .002 .002 -.07 -1.09 .23 
 Functional Skills – MCI+MDD-R      
Model 1 NCS .15 .03 .49 4.86 < .001 
Model 2 NCS .14 .03 .47 4.31 < .001 
 PASAT difference score -.002 .004 -.05 -.49 .63 

Note. NCS = Neurocomposite Cognitive Score. 
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Table 17 

Regression Coefficients for Exploratory Real-World Functioning Regression Models by Clinical 

Group 

  B SE Beta t p 
 Real-World Functioning – MDD-R      
Model 1 NCS -.26 .10 -.27 -2.53 .013 
Model 2 NCS -.27 .11 -.28 -2.56 .012 
 PASAT difference score -.004 .009 -.05 -.46 .64 
 Real-World Functioning – MCI      
Model 1 NCS -.24 .06 -.30 -4.21 < .001 
Model 2 NCS -.21 .06 -.26 -3.18 < .001 
 PASAT difference score .01 .008 .10 1.25 .21 
 Real-World Functioning – MCI+MDD-R      
Model 1 NCS -.15 .08 -.22 -1.90 .06 
Model 2 NCS -.18 .08 -.27 -2.18 .03 
 PASAT difference score -.01 .01 -.14 -1.11 .27 

Note. NCS = Neurocomposite Cognitive Score.  
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Chapter 4 

Discussion 

 The current study examined the utility of using experimental cognitive tasks to measure 

cognitive abilities in sample of late life MDD-R. Three experimental working memory tests were 

used to determine if cognitive impairments are more apparent when tests have parametric 

difficulty adjustments that allow for the exploration of complexity rather than using traditional 

neuropsychological tests. We found that these tests offer utility in our understanding of cognitive 

impairments in late life MDD-R that are not seen with traditional neuropsychological tests. We 

also measured changes in performance across these tests to determine if examining declines in 

performance as tasks become more complex predicts difficulties with everyday functioning. We 

found a relationship between one of the cognitive tasks with parametric adjustment of complexity 

and functioning, but did not find that this test added predictive value above global neurocognition 

in our understanding of functional skills and real-world functioning. 

Cognitive Tasks with Parametric Adjustment of Complexity and Late Life 

Depression 

 In line with hypotheses, examination of cognitive abilities through performance on 

cognitive tasks with increasing complexity revealed performance differences in participants with 

late life MDD-R relative to healthy comparison participants and participants with MCI. 

Specifically, the PASAT and n-back tasks revealed group differences as complexity increased. 

On the PASAT, the late life MDD-R group performed worse than healthy comparison 

participants on both levels of the task. The MCI groups served as objectively impaired 

comparison groups, and we found the MDD-R performed better than the MCI groups on both 

levels of the PASAT. Thus, the PASAT showed sensitivity to distinguishing between clinical 
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groups and demonstrated performance impairments in the MDD-R group relative to the healthy 

comparison group.  

The results from the PASAT also suggest that the healthy comparison group showed 

difficulty performing on the most challenging level. As seen in Table 4, we transformed the 

clinical groups (i.e., MDD-R, MCI, MCI+MDD-R) performance accuracy on the PASAT into z-

scores using the healthy comparison participants performance. All three clinical groups show less 

performance impairment on the 1.6 second condition relative to the 2.4 second condition. This 

suggests that the healthy comparison group also demonstrated declines in performance on the 

most challenging level of the PASAT. Different performance phenomena may exist with control 

participants that are aging and they may experience steeper declines in performance like the 

clinical groups do as tasks become more challenging. Notwithstanding this pattern of results, the 

PASAT demonstrated utility in distinguishing between the MDD-R, controls, and MCI groups 

and may offer insight into the cognitive difficulties experienced by those with late life MDD-R. 

Tests like the PASAT are challenging even on the easier version, revealing deficits experienced 

by those with late life MDD-R on the easiest version of the task. Further, examining the z-scores 

of the MDD-R group on the 2.4 second condition of the PASAT demonstrated moderate 

performance impairments, whereas traditional neuropsychological testing revealed mild 

impairments in the MDD-R group. When comparing this result from the PASAT to overall 

neurocognition from traditional testing, the MDD-R group displays larger impairments on an 

experimental task like this.  

Also in line with hypotheses, on the n-back task, healthy comparison participants 

performed significantly better than the MDD-R group on all three levels of the test, and the 

MDD-R group performed significantly better than the MCI groups on all three levels of the test. 

Thus, the n-back task showed sensitivity to distinguishing between groups and revealed 

performance impairments in the MDD-R group relative to healthy comparison participants. As 
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seen in Table 4, the MDD-R group demonstrated performance impairments of a moderate effect 

size across the n-back as compared to the overall neurocomposite cognitive score which revealed 

impairments of a mild effect size. Thus, the n-back task may provide utility in characterizing 

cognitive impairments experienced by those with late life MDD-R in addition to traditional 

neuropsychological testing.  

We did not find a significant interaction on the CPT-IP task, limiting our exploration of 

group differences across the three levels of this test. This finding was not in line with our 

hypotheses. It may be that the lack of group differences on this test is due to the nature of the 

CPT-IP. The CPT-IP measures sustained attention as well as working memory in a progressive 

fashion (Cornblatt & Keilp, 1994; Borgaro et al., 2003; Roth et al., 2013). In the CPT-IP, 

participants are asked to indicate whether the number on the screen is the same or different from 

the number they saw on the previous screen. The CPT-IP could be thought of as a simple 1-back 

task, where participants are only required to store information in their memory from the previous 

screen. Similar to how we did not find differences between groups on the 1-back task, we did not 

find evidence for groups differences with the CPT-IP. It may also be that the quantitative shift in 

difficulty across the levels of the CPT-IP were not significant enough to detect performance 

differences across the groups. Previous research has demonstrated performance differences 

between individuals with MDD and schizophrenia, but found no differences between individuals 

with MDD and healthy comparisons on overall task performance (Cornblatt et al., 1988). To our 

knowledge, this is the first published study to compare the performance of participants with 

MDD-R and MCI on the CPT-IP task. Future research may benefit from exploring the utility of 

alternative working memory tasks that place less of a load on sustained attention and that may 

provide a larger quantitative shift in difficulty from the easiest to the hardest level of the task. 
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Utility of Complex Cognitive Tasks in Late Life MDD  

Previous research has identified cognitive impairments in those with late life MDD 

(Alexopoulos et al., 2005; Barch et al., 2012; Bogner et al., 2008; Butters et al., 2000; Butters et 

al., 2004; Doraiswamy et al., 2003; Nebes et al, 2000; Nebes et al., 2001; Nebes et al., 2003). 

However, these impairments tend to range in effect size from modest to moderate (Bora et al., 

2013; Rock et al., 2014) and some controversy exists as those with MDD are thought to 

overestimate the degree of their cognitive impairments (Lahr, Beblo, & Hartje, 2007; Schwert et 

al., 2018; Svendsen et al., 2012). Previous research also reports only a subset of individuals with 

MDD, approximately 25%, experience a normative deficit in at least one domain (McIntyre et al., 

2013; Gualtieri & Morgan, 2008). The results from our study suggest that the assessment of 

cognition in late life MDD-R benefits from exploring multiple levels of complexity. When using 

novel experimental working memory tasks, we discovered a greater degree of cognitive 

impairment on the PASAT and n-back tasks relative to the results of traditional 

neuropsychological testing. With these tasks, we have the ability to explore performance across 

increasing cognitive load. As working memory increases, so does the complexity of the task.  

Working memory may be particularly important in mood disorders. Working memory 

involves the short-term storage of information and the simultaneous manipulation of the contents 

of this stored information. Working memory has a limited capacity and requires constant updating 

of old, no longer relevant information with new, more relevant information (Morris & Jones, 

1990). MDD is associated with processing impairments and individuals with MDD perform 

poorer on cognitive tasks that place a high load on processing resources (Hasher & Zacks, 1979). 

Nebes et al. (2000) found that rather than having deficits on specific cognitive domains, 

individuals with late life MDD show impairment on cognitive tasks as a function of deficits in 

processing speed and working memory. The effect of working memory on other cognitive 

impairments remains significant, even after removing the effect of processing speed, and these 
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impairments persist to the same degree in those with remitted MDD (Nebes et al., 2000). Lower 

performance on working memory performance has also been associated with an increased number 

of hospitalizations and longer course of depression (Harvey et al., 2004). Results from our study 

suggest that novel tools, such as the experimental working memory tasks used in this study, may 

have utility in capturing significant deviations in cognitive functioning in late life MDD-R that 

traditional neuropsychological testing may not be sensitive to. Published research has not yet 

highlighted the real-world implications of these working memory deficits prevalent in late life 

depression. Future research should seek to understand how performance on complex cognitive 

tasks that target working memory are related to everyday functioning in late life MDD. 

Everyday Functioning 

 In line with previous research (Gupta et al., 2013) we found that global cognition 

predicted functional skills and real-world functioning in the entire clinical sample. We also found 

significant relationships of the PASAT difference score with functional skills and real-world 

functioning, such that higher difference scores, or a larger decrease in performance from the easy 

to the hard level of the PASAT, was associated with greater functional impairment. Interestingly, 

this relationship was only present using the PASAT; there were no significant relationships 

between functioning and performance changes on the n-back or CPT-IP. Additionally, contrary to 

hypotheses, the PASAT difference score did not add meaningful variance accounted for when 

predicting functioning. Exploratory analyses showed the same results in each of the clinical 

groups, where global cognition was related to everyday functioning, but the PASAT difference 

score did not add meaningful variance. Global cognition has been demonstrated to be one of the 

most robust predictors of everyday functioning in MDD (Gualtieri & Morgan, 2008; Jaeger et al., 

2006; Gupta et al., 2013) and thus it may not be surprising that difference scores on a cognitive 

task did not aid in our understanding of functional impairment in this group.  
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Another possible reason that we did not find evidence for a relationship between 

difference scores and complex cognitive tasks may be due to the limited range of functional skills 

in this sample. As our data show that, on average, the groups’ independence mean score on the 

PASS were close to the ceiling, suggesting little to no assistance needed throughout the functional 

skills task. Individuals with severe functional skills impairment would be expected to perform at 

the lower limit of the range of scores possible, indicating intensive assists given or an inability to 

complete the task. The majority of our sample was also living independently, thus our sample 

may not have exhibited deficits in functional ability. We only used two items of the PASS, thus 

the functional skills measure used was also brief in nature, which may have limited our ability to 

predict functional impairments using novel cognitive measurement tools. Future research may 

seek to explore these questions using a more comprehensive measure that permits a wider range 

of functional assessment. 

We also may have been limited in our conclusions about the relationships between 

cognitive complexity and everyday functioning due to our measurement tools. We utilized 

difference scores in exploring changes in performance across the multiple levels of the cognitive 

tasks. Previous research has been mixed when it comes to issues with difference scores; the main 

controversies surrounding using difference scores is that they are unreliable (Leeb & Weinberg, 

1977), in particular as the correlation between two measures increases (Bereiter, 1963). Other 

research has shown that difference scores do not always have issues with reliability, and the 

reliability often depends on three factors: the true correlation between the tests, individual test 

reliabilities, and the deviation ratio (Trafimow, 2015). In a series of simulations, Trafimow 

(2015) demonstrates that if the reliabilities of the individual tests are good, the reliability of their 

difference scores will be reasonable, as long as the true correlation between the measures is not 

too large. Thomas and Zumbo (2012) suggest that the unreliability of difference scores is not 

crucial for inferential statistical procedures, such as t-tests or ANOVAs. Other issues with 
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difference scores include the failure to take into account all time points. In our study, we were 

only able to capture changes in performance from the easiest to the most difficult level of our 

tasks, thus failing to consider the intermediate difficulty level. Nonetheless, research has 

identified study designs in which difference scores are an appropriate measure (Castro-Schilo & 

Grimm, 2017). Residual methods of change are an alternative to difference scores, however, 

research has shown that when there are different populations with baseline differences, difference 

scores are a superior method of examining change, as these conditions can lead to bias in residual 

change scores (Castro-Schilo & Grimm, 2017). In studies where randomization to groups is not 

possible, such as ours in which we have pre-determined groups formed based on pre-existing 

diagnoses, difference scores are an appropriate way to measure change over time (Castro-Schilo 

& Grimm, 2017). The literature highlights many limitations with methods of measuring change 

across tasks, and there may not be a perfect way to measure change over time. 

Notwithstanding the limitations of the PASS and measurement of difference scores, the 

relationship between the PASAT difference score and everyday functioning may suggest that 

those who experience large declines as tasks become more challenging may experience more 

difficulty in functioning in their day to day lives. Exploratory analyses revealed that the 

relationship between functional skills and the PASAT difference score was significant in the 

MDD-R group alone. Previous research has highlighted avoidance of cognitive effort as a feature 

of MDD (Hammar et al., 2011; Kasch et al., 2002). These impairments in effortful processing 

persist following clinical remission from depressive symptoms six months following the initial 

assessment (Hammar & Ardal, 2012). Individuals with MDD may also avoid challenging 

cognitive tasks, despite no impairments in performance accuracy (Wood-Ross et al., accepted). 

The relationship observed between PASAT difference scores and everyday functioning may be 

related to this phenomenon.  Exploring the degree to which individuals, both young and in aging 

samples, with MDD avoid challenge and how this is related to declines in performance as tasks 
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become more complex may provide insight into the mechanisms underlying functional 

impairment in MDD.   

Limitations and Future Directions 

 The present findings should be interpreted in light of considerations and limitations. Our 

study sample was comprised of individuals who were seeking treatment to prevent the onset of 

Alzheimer’s disease. Thus, this sample may be unique in that they have a higher proportion of 

individuals who have experienced difficulties, either perceived or actual, cognitive abilities. 

Future research should aim to explore these research questions in a non-treatment seeking sample. 

Additionally, our sample was also limited to individuals with remitted late life MDD, different 

patterns may emerge in a currently depressed sample, and this would be interesting for future 

research to explore. We do not have availability of inter-rater reliability data for clinical 

interviewing measures (i.e., the SCID and MADRS), limiting our knowledge of the consistency 

of diagnoses and symptom ratings across psychometrists.  

The study is limited to cross-sectional data only. We used data collected at the baseline 

visit of a prospective treatment study, and data collected longitudinally would allow for more 

robust inferences about how performance on complex cognitive tasks predicts functioning over 

time. To determine causality of the relationships found here, future research might use a 

longitudinal and experimental design in which coaching through cognitive challenge is employed 

to examine if changes in performance across complex cognitive tasks produces changes in 

functional outcomes. Research employs similar strategies in treatments of cognitive impairment 

like cognitive remediation, which shows transfer of cognitive gains to everyday functioning 

(Gupta et al., 2013), and this type of intervention has yet to be explored in late life MDD 

specifically. 

An additional limitation to this study is related to our measurement of functional skills 

and real-world functioning. In addition to low reliability, the functional skills assessment we used 
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has a restricted range, and thus was limited in scope and sensitivity. We may not have been able 

to detect subtle differences in functional skills across the groups using this measure. Future 

research should utilize more comprehensive performance-based and clinician-rated measures of 

functional skills and real-world functioning that have been demonstrated to be sensitive to 

measure impairments in aging populations. Additionally, our measure of real-world functioning 

was designed for detection of dementia and has not been as widely used to characterize real-

world functioning in late life MDD. Future work would likely benefit from using a functional 

measure that consists of a large number of items that are related to the functional difficulties 

experienced by those with MDD.  

Further, because we utilized an archival dataset, we were limited in the variables 

available for analyses. We selected three working memory tests as these are relevant to the 

cognitive impairments experienced in late life MDD, however, a prospective study examining 

multiple domains of cognition would provide useful information in our understanding of the 

generalization of these findings beyond working memory. This research could inform our 

understanding of cognitive impairments in MDD, and may reveal different trends of impairment 

in the MDD groups compared to reference groups. We also grouped the three working memory 

tasks together, but we do not know if the quantitative leap in difficulty across the levels of the 

tasks is the same. For example, the change in difficulty from the 1-back to the 3-back may not be 

the same shift in difficulty on the PASAT from the 2.4s to the 1.6s condition. As this study 

represents only the beginning of work in exploring the utility of these types of experimental 

cognitive tasks, future research will benefit from placing an emphasis on novel cognitive task 

design or selection.  

Implications and Conclusions 

 The current study revealed several findings that are important in characterizing cognitive 

impairment in late life MDD-R and aid in our understanding of how we can target functional 
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improvement in late life MDD-R. Traditional neuropsychological testing revealed mild cognitive 

impairments in the MDD-R group, however, when alternative cognitive tasks with varying 

complexity were used, our MDD-R group displayed moderate impairments in cognitive 

performance. Further, difficulties with everyday functioning was related to larger declines in 

performance as a cognitive task became more complex.  

 The present findings may be helpful in determining how we measure cognitive 

impairments in individuals with late life depression. Research has begun shifting towards 

alternative conceptualization of cognition in depression (Tran et al., under review; Douglas et al., 

2018), and the results of this study provide evidence for additional assessment tools to probe 

cognitive abilities. Moving beyond our traditional measures of neurocognition may reveal greater 

degree of cognitive impairments experienced by those with late life MDD-R. The current results 

may also aid in our understanding of how declines in cognitive performance are associated with 

functional impairments in depression. Particularly interesting is that these relationships were 

observed in a sample with remitted depression. Those with MDD tend to doubt their cognitive 

abilities (Lahr et al., 2007), and as larger declines in performance are related to greater difficulties 

in everyday functioning, a novel treatment focus for those with depression may be focusing on 

the approach of challenge and targeting improving self-efficacy. Ultimately, our findings serve to 

both highlight the utility of novel cognitive tasks in our understanding of cognitive functioning in 

late life MDD, as well as demonstrate the need for further investigation to improve outcomes for 

individuals with late life MDD. 
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