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Individuals diagnosed with Mild Cognitive Impairment (MCI) are at a higher risk 

for conversion to dementia and, therefore, may be particularly motivated/well-suited to 

participate in interventions to slow cognitive decline. Cognitive and lifestyle interventions 

targeting modifiable risk factors (e.g., physical activity [PA] and sleep) can slow the rate 

of cognitive decline. Psychometrically validated subjective indices of PA and sleep offer 
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a practical and economical method of assessing these cognitively salient lifestyle 

factors in the context of longitudinal studies of older adults with MCI. Moreover, the 

burgeoning availability of inexpensive, accurate wearable devices to measure lifestyle 

behaviors makes valid, unobtrusive objective measurement of these outcomes possible. 

Thus, this dissertation study examined the efficacy of an 8-week Motivationally 

Enhanced Compensatory Cognitive Training (ME-CCT) intervention, compared to Goal-

focused Supportive Contact (SC), in improving subjectively and objectively measured 

lifestyle factors in older Veterans with MCI. 

Self-reported sleep disturbance and PA levels were examined at baseline, mid-

treatment, and post-treatment in 74 Veterans with MCI enrolled as part of a larger 

randomized controlled trial. Sleep and PA were objectively measured via the Fitbit 

Charge 2 in a subset of the sample (n=23). Mixed-effects models examined whether (1) 

ME-CCT, compared to SC, was associated with greater improvements in self-rated PA 

levels and sleep disturbance; and (2) baseline levels of self-rated PA and sleep 

disturbance moderated treatment effects on these outcomes. Exploratory analyses 

examined baseline-level correlates of Fitbit-measured PA and sleep, and the efficacy of 

ME-CCT in improving objective PA/sleep. 

There was no differential treatment-related improvement in either subjective or 

objective measures of PA or sleep, with no treatment-moderating effect of baseline 

PA/sleep (ps>.05). At baseline, greater self-reported engagement in PA (rs=0.57, 

p=.005) and less executive dysfunction (r=-0.43, p=.043) were associated with greater 

Fitbit step counts. Moreover, higher pain intensity (r=-0.49, p=.048) was associated with 

shorter Fitbit sleep duration. 
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ME-CCT did not differentially improve sleep or PA levels, nor did baseline levels 

of sleep/PA influence treatment outcomes. The influence of pain intensity and executive 

deficits, such as planning and organizing, in moderating trajectories in cognitive and 

health behavior engagement should be considered in current rehabilitation efforts in 

aging.  
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Effects of Motivationally Enhanced Compensatory Cognitive Training on improving 

modifiable risk factors for Mild Cognitive Impairment 

Aging in the United States 

Age-associated cognitive problems such as Mild Cognitive Impairment (MCI), 

Alzheimer’s disease (AD), and dementia are rising at alarming rates given the rapidly 

increasing older adult population (> 65 years old) in the United States. AD, the most 

common form of dementia, affects an estimated 5.7 million Americans today and is 

considered the costliest disease in the country at $277 billion per year in direct 

healthcare costs (Alzheimer’s Association, 2018). These rapidly increasing prevalence 

rates are projected to nearly triple by 2050, with costs expected to rise to over $1 trillion. 

This mounting economic burden is further amplified when considering the costs that 

extend to family caregivers' increased risk for emotional distress and negative mental 

and physical health outcomes. The extraordinary human suffering and unsustainable 

healthcare costs associated with dementia make it one of the most urgent public health 

concerns of our time. 

Mild Cognitive Impairment 

MCI is considered an intermediate stage between normal aging and dementia, 

and is highly prevalent—an estimated 10-20% of older adults aged sixty and above 

meet diagnostic criteria for MCI, with annual conversion rates to dementia of about 5-

15% (Mitchell & Shiri-Feshki, 2009). Moreover, nearly 50% of individuals evaluated for 

concerning MCI symptoms develop dementia within 3-4 years (Petersen et al., 1999). 

The etiology of MCI and dementia are viewed as multi-factorial (Huckans et al., 2013) 

and a range of risk and protective factors contribute toward increased or decreased risk, 
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respectively. In some individuals, the cumulative and interactive impact of these factors 

on the brain results in the behavioral manifestation known as MCI, which is 

characterized by three types of symptoms: a) mild cognitive compromise (measured by 

objective neuropsychological tests), b) mild functional compromise (evaluated by 

measures of subjective cognitive complaints, everyday functioning, and functional 

capacity), and c) commonly associated neuropsychiatric symptoms, such as sleep 

difficulties, fatigue, and depression (measured by neuropsychiatric symptom 

questionnaires). Consequently, individuals with MCI represent a heterogeneous 

population and may present with a wide variety of cognitive, functional, and 

neuropsychiatric problems (Ellison et al., 2008; Monastero et al., 2009). Efforts to 

improve accuracy of diagnosis and prediction of conversion to dementia have resulted 

in the characterization of MCI into four subtypes based on the type of cognitive 

impairment displayed: amnestic vs. non-amnestic, and single domain impairment vs. 

multi-domain impairment (Jak et al., 2009; Petersen, 2004). Impairment can be seen in 

virtually all cognitive domains including memory, language, attention, visuospatial 

functioning, and executive functions (Arnáiz & Almkvist, 2003). These cognitive 

impairments are more modest in severity in MCI compared to the substantial cognitive 

deficits witnessed in frank dementia. Similarly, the functional compromise experienced 

in MCI is milder and does not preclude independent functioning; however, there may a 

need for greater effort, compensatory strategies, or accommodations that maintain 

capacity for independence in everyday activities. 

MCI in Veterans  

Veterans are at increased risk of cognitive decline, and older Veterans diagnosed 
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with posttraumatic stress disorder (PTSD) are twice as likely to have a diagnosis of 

dementia as individuals without PTSD (Yaffe et al., 2010). Hence, the Department of 

Veterans Affairs (VA) is faced with providing healthcare for an increasing number of 

elderly Veterans who are beginning to exhibit signs of cognitive decline. Considering the 

varied costs associated with dementia and the mounting challenge faced by the VA in 

providing healthcare for Veterans evidencing signs of cognitive decline, there is an 

urgent need for interventions that can significantly impact disease risk and progression.  

Current State of AD Treatment 

With no known cure for AD, current treatment guidelines have focused on 

lowering the rate of conversion to dementia through pharmacological, and various 

interventions, at the MCI stage. Current estimates suggest a 50% decrease in AD 

diagnoses if onset is delayed by 5 years through successful interventions (Alzheimer’s 

Association, 2010); however, there remains a general lack of interventions that can 

considerably impact disease risk and progression (Cummings et al., 2014; Kane et al., 

2017). 

Pharmacological interventions. Administration of medications, such as 

acetylcholinesterase inhibitors, or other compounds such as Vitamin E, rofecoxib, and 

piracetam, does not have a considerable impact on disease risk or progression (Farlow, 

2009; Kane et al., 2017; Jelic et al., 2007). Furthermore, the limited drugs authorized for 

use in dementia are plagued by many adverse side effects (ADI, 2018; Cummings et al., 

2021; Pariente et al., 2016; Han et al., 2019). Given this lack of pharmacologic efficacy 

for MCI, non-pharmacologic interventions, namely cognitive interventions, have been 

receiving increased attention over the past decade (Li et al., 2011; Petersen et al., 



4 

 

2009), especially considering the stable and robust relationship between intact cognitive 

functioning and independent everyday functioning.  

Cognitive interventions. The phenomenon of age-related decline in 

neuroplasticity is well-documented; however, emerging evidence suggests that the 

aging brain is malleable, even in adults with MCI (Akhtar et al., 2006; Schreiber & 

Schneider, 2007), and cognitive function can be facilitated via cognitive training (Park & 

Bischof, 2013). Results from a large-scale cognitive training randomized controlled trial 

(Advanced Cognitive Training for Independent and Vital Elderly [ACTIVE]) provide the 

strongest evidence to date in support of neuronal plasticity in late-life; the study 

demonstrated intervention-related long-term improvements in cognitive function and 

maintenance of independence in instrumental activities of daily living (Ball et al., 2002; 

Rebok et al., 2014; Willis et al., 2006). Each intervention arm of the study, however, 

focused on a different cognitive domain (processing speed, memory, or reasoning) and 

improvements evidenced within trained domains did not generalize to non-targeted 

domains. Findings from other focused cognitive intervention trials in at-risk and MCI 

populations are more mixed but, overall, support the role of cognitive interventions as a 

potential tool to delay or slow age-related cognitive decline (Kane et al., 2017; NASEM, 

2017). 

Although the ACTIVE trial provides compelling evidence in support of single-

domain-focused cognitive interventions, recent studies examining the efficacy of more 

comprehensive cognitive training protocols for MCI demonstrate a stronger association 

of multi-domain as opposed to single-domain cognitive interventions (see Huckans et 

al., 2013 for review). This emerging pattern underscores the need for rehabilitative 
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efforts to appreciate the heterogeneity of cognitive impairments noted in MCI. 

Compensatory cognitive training (CCT) is one such comprehensive cognitive training 

approach with potential to improve or delay progression of cognitive decline in patients 

with MCI. The CCT model is closely aligned with the top-down theoretical orientation 

wherein higher-order processes such as reasoning and problem solving are directly 

targeted, with the assumption that lower-order functions are trained concurrently (Best & 

Bowie, 2017; Minzenberg & Carter, 2012). This contrasts with bottom-up restorative 

training models, which propose that efficient higher-order neurocognitive function 

cannot be attained without first optimizing deficits in lower-order cognitive systems (e.g., 

basic attention; Minzenberg & Carter, 2012; Vinogradov et al., 2012). In considering the 

utility of these different cognitive intervention frameworks in MCI populations, it is 

important to consider that improvements in cognition are generally considered 

intermediary outcomes in cognitive training trials, with the primary focus to stave off 

functional disability associated with cognitive decline. The hierarchical relationship 

between CCT-targeted core cognitive processes is proposed to be proximal to patient 

psychosocial recovery outcomes than foundational cognitive processes trained within a 

bottom-up framework (Keshavan et al., 2014). Therefore, strategy-based training 

models may be better suited to target real-world functioning, especially given the 

greater emphasis on generalization of learned skills to community behaviors to promote 

training-related functional transfer (Best & Bowie, 2017; Medalia & Choi, 2009; Twamley 

et al., 2012). The efficacy of CCT, in particular, for age-related cognitive compromise 

may be partially due to its reliance on cognitive functions that are typically well-

preserved in patients with MCI (e.g., visual processes and semantic memory; Ally, et al., 
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2009; Bäckman & Nilsson, 1996; Belleville et al., 2006). Moreover, CCT-associated 

increased activation in brain networks subserving memory and improvements in 

structural and functional brain network organizations (Chapman et al., 2015; Hampstead 

et al., 2011; Dresler et al., 2017) suggest that CCT can positively affect age-related 

functional and structural brain changes. 

Indeed, CCT-associated improvements have been found across various 

functionally relevant cognitive domains in patients with MCI, including prospective 

memory (Kinsella et al., 2008), list learning (Belleville et al., 2006; Rapp et al., 2002), 

face-name associations (Belleville et al., 2006; Hampstead et al., 2008), and object-

location associations (Hampstead et al., 2012). Moreover, CCT-associated 

improvements have been found in subjective memory ability and knowledge and 

practice of memory strategies in everyday life (Kinsella et al., 2008; Rapp et al., 2002; 

Troyer et al., 2008), as well as quality of life, with higher levels of well-being reported by 

MCI patients after completing CCT (Belleville et al., 2006).  

Multimodal interventions. It is theorized that multimodal interventions for MCI 

and AD may be more successful than single component interventions in producing 

benefits (Clare et al., 2015; Eggenberger et al., 2015), as simultaneously targeting 

multiple risk factors for age-related cognitive decline creates potential for a synergistic 

protective effect. A large-scale randomized controlled trial (Finnish Geriatric Intervention 

Study to Prevent Cognitive Impairment and Disability [FINGER]) underscores the utility 

of a comprehensive, multimodal intervention, which combines physical activity, diet 

changes, and cognitive training. The results from this trial demonstrated improvement or 

maintenance of multidomain neuropsychological performance in adults at risk for MCI or 
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AD, including within cognitive domains highly relevant for everyday activities (executive 

functioning, processing speed, and complex memory tasks; Ngandu et al., 2015). 

Greater appreciation of the complex etiological profile of MCI and dementia 

necessitates the consideration of modifiable risk and protective factors associated with 

MCI and dementia. 

Modifiable risk and protective factors. 

MCI is an etiologically heterogeneous syndrome characterized by cognitive 

impairment in advance of dementia. Notably, the risk and protective factors associated 

with MCI are similar to those associated with conversion to dementia (Gomar et al., 

2011; Li et al., 2011; Ravaglia et al., 2008; Schmand et al., 2012; Yu et al., 2012). The 

extant literature supports the role of lifestyle factors, such as sleep (Ju et al., 2014; 

Westerberg et al., 2012; Yaffe et al., 2014) and physical activity (Hamer & Chida, 2008; 

Buchman et al., 2012; Sofi et al., 2011; Baumgart et al., 2015), in the prevention of 

cognitive impairment. These modifiable protective factors are of particular interest to 

clinicians working with individuals with MCI because they can serve as the focus of 

preventive interventions and rehabilitation efforts.  

Sleep. Sleep disruption is a hallmark feature of advancing age, characterized by 

disturbances in sleep architecture (e.g., declines in total sleep time and quantity and 

quality of non-REM slow wave sleep) and circadian rhythm dysfunction (e.g., 

fragmented nocturnal sleep, excessive daytime sleepiness), as well as subjective sleep 

problems (e.g., poorer quality, shorter duration; King et al., 1997, 2008). Both 

subjectively and objectively measured sleep disturbances are linked to greater cognitive 

impairment (Jelicic, et al., 2002; Musiek et al., 2015; Yaffe et al., 2014). Moreover, 
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primary sleep disorders, such as insomnia and sleep apnea, become more prevalent 

with older age (Vitiello, 2009), further compounding the risk for cognitive impairment and 

development of dementia. Such sleep impairments are highly prominent and 

significantly accelerated in MCI and AD (Hita-Yañez et al., 2012, Hita-Yañez et al., 

2013; Prinz et al., 1982; Westerberg et al., 2012), suggesting a causal and bidirectional 

relationship between sleep disturbance and AD pathophysiology.  

Supporting this reciprocal relationship is emerging evidence from animal models 

indicating that greater cortical amyloid-beta (Aβ) burden is causally linked to greater 

sleep disruptions (Kang et al., 2009; Roh et al., 2012), while manipulating sleep and 

wake time directly escalates Aβ production and corresponding cortical deposition (Kang 

et al., 2009). Human studies reinforce this reciprocal model by demonstrating that: (1) 

subjective and objective measures of sleep quality significantly predict the degree of 

existing cortical Aβ burden in healthy older adults without MCI (Mander et al., 2015; 

Spira et al., 2013); and (2) better sleep quality in older adults confers a decreased risk 

of MCI and AD onset, and longer maintenance of cognitive functioning (Lim, Kowgier, 

Yu, et al., 2013; Lim, Kowgier, Schneider, et al., 2013). As such, sleep disruption is not 

only a robust symptom of underlying neurodegenerative processes, but also is an 

indicator and arbiter of cognitive impairments associated with normal and pathological 

aging (Mander et al., 2016). Overall, the extant literature supports the restorative 

function of sleep, positioning it as a promising treatment target to delay onset of MCI 

and AD (Landry & Liu-Ambrose, 2014). 

 Sleep’s status as a modifiable protective factor against age-associated cognitive 

decline is underscored by the multifactorial mechanistic links between sleep and 
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cognitive decline associated with AD pathophysiology, such as impairments in 

hippocampus-dependent memory (Mander et al., 2015). Pharmacological interventions 

to treat sleep disturbances in older adults have been plagued by undesirable side 

effects that may increase risk for further cognitive compromise (Deschenes & McCurry, 

2009); accordingly, behavioral/multicomponent therapies (e.g., physical activity, leisure 

activities, cognitive behavioral therapy) are recommended as first-line treatments to 

improve both subjective and objective quality of sleep and, consequently, cognitive 

functioning in the elderly (Porter et al., 2015). 

Physical activity. As with sleep, an extensive body of research has 

demonstrated the protective role of physical activity against risk for and progression of 

cognitive decline (Buchman et al., 2012; Bherer et al., 2013; Erickson, Raji, et al., 2010; 

Gopinath et al., 2018). Current guidelines by the Physical Activity Guidelines Advisory 

Committee (2018) recommend less sedentary time (“Some physical activity is better 

than none”) and that older adults engage in at least 150 minutes to 300 minutes of 

multicomponent physical activity a week, including aerobic and muscle-strengthening 

activities as well as balance training (USDHHS, 2018). Adherence to a physically active 

lifestyle, however, becomes increasingly difficult with age due to progressive decline in 

physical functions and abilities (Franco et al., 2015; Fougner et al., 2018; Achttien et al., 

2019).  

Reduced levels of both subjective and objective physical activity levels in older 

adults are directly linked to greater risk for cognitive decline (Erickson, Raji, et al., 2010; 

Larson et al., 2006; Richards et al., 2003; Sofi et al., 2011; Weuve et al., 2004). 

Emerging evidence suggests that physical activity levels decline earlier in individuals 
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with mild cognitive impairments (Sabia et al., 2017). Moreover, age-related cognitive 

decline may influence poorer physical activity trajectories, with lower levels of executive 

functioning and memory associated with accelerated decline in physical activity with 

aging (Cheval et al., 2020). Not only do physically active adults exhibit better cognitive 

aging (Jak, 2012), but exercise training interventions demonstrate efficacy in reversing 

hippocampal volume loss in late adulthood, with concurrent improvements in memory 

function (Erickson, Voss et al., 2010). Moreover, in a separate investigation, Erickson, 

Raji, and colleagues (2010) found greater physical activity levels (defined as the 

number of blocks walked in a week) predicted 9-year follow-up greater volume of 

frontal, occipital, entorhinal, and hippocampal brain regions, which in turn reduced the 

risk of cognitive impairment by two-fold. These exercise-generated structural brain 

changes have been linked to stimulation of neurogenesis and synaptic plasticity vis-à-

vis increase in brain-derived neurotrophic factor (Beckinschtein et al., 2011; Gomez-

Pinilla et al., 2008). Reductions in oxidative stress and decrease in neuroinflammation 

secondary to increased serotonin levels have also been purported to underlie the 

neuroprotective function of physical activity (Jak, 2012). Together, these findings 

highlight a bidirectional association between cognition and physical activity, not unlike 

the reciprocal relationship between sleep and cognition detailed above.  

Older adults’ knowledge of current physical activity guidelines is not associated 

with higher physical activity levels, nor better physical functioning (Cheung et al., 2019), 

suggesting that interventions should target physical activity limiting factors, such as lack 

of motivation (Dacey et al., 2008) and poor awareness of the role of exercise in disease 

prevention (Schutzer & Graves, 2004), as well as physical activity promoting factors, 
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such as provision of appropriate exercise recommendations (Chao et al., 2000) and 

improving self-efficacy (Schutzer & Graves, 2004).  

Additional modifiable risk and protective factors. A robust evidence-base 

implicates several additional modifiable disease-related risk factors for MCI and 

incipient dementia, including, but not limited to, cardiovascular disease, high 

cholesterol, high blood pressure, and diabetes mellitus (see Huckans et al., 2013 for 

review). Research has also uncovered the protective role of positive lifestyle factors 

(e.g., a Mediterranean diet, engagement in cognitively stimulating activities) against 

age-associated cognitive decline (Jak, 2012; Verghese et al. 2006; Wilson et al. 2002, 

2007, 2012). Importantly, physical inactivity and sleep disturbance/disorders are 

strongly and intricately associated with various chronic diseases that contribute to late-

life cognitive compromise (Booth et al., 2012; Foley et al., 2004). The positive cognitive 

influence of improved sleep and physical activity, therefore, may be partially mediated 

via impact on chronic medical risk factors. Furthermore, it is likely that the pro-cognitive 

effects of sleep and physical activity are also arbitrated by the aforementioned 

upregulation of growth factors and reduced neuroinflammation (Cotman et al., 2007). 

Therefore, interventions targeting sleep and physical inactivity may also improve 

cognitive functioning via improvements in cognitive risk-conferring disease severity. 

Collectively, the literature points to a highly complex, dynamic interplay among the risk 

and protective factors for cognitive decline, underscoring the need for multi-component 

interventions that appreciate the etiological heterogeneity of MCI (Huckans et al., 2013).    

Utility of subjective measures of physical activity and sleep. 

 To adequately test new multi-modal, comprehensive treatments for slowing 
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cognitive decline, better outcome measures are needed to demonstrate improvements 

in modifiable protective factors for MCI. The laborious nature, expense, and 

obtrusiveness of current gold-standard laboratory methods/techniques (e.g., 

physiological monitoring, polysomnography), complicate and impede the evaluation of 

lifestyle behaviors, particularly in the context of larger and/or longitudinal investigations. 

Psychometrically sound self-report measures of physical activity (e.g., CHAMPS 

physical activity questionnaire for older adults; Stewart et al., 2001) and sleep (e.g., 

Insomnia Severity Index; Bastien et al., 2001; Morin, 1993) provide more practical 

alternatives. Moreover, their utility as outcome measures for interventions is 

underscored by their demonstrated sensitivity to change following intervention (Bastien 

et al., 2001; Morin et al., 1999; Stewart et al., 2001) and convergence with other 

subjective and objective behavioral measures (Bastien et al., 2001; Moore et al., 2008; 

Stewart et al., 2001). Nevertheless, the best practice recommendation is to include both 

subjective and objective measures of behavioral functioning in older adults, given the 

lack of convergence of subjective behavioral indices with objective measures and/or 

relevant health outcomes noted in some studies (Parker et al., 2008; Landry, Best, & 

Liu-Ambrose, 2015). Moreover, there is evidence to suggest that perceived and 

objective behavioral functioning may represent related, but unique constructs, with 

differential associations with objective cognitive functioning (Bastien et al., 2003).  

Leveraging consumer technology.  

The ever-expanding commercial market for technologies to monitor and improve 

physical health and performance creates new opportunities for scientific and clinical 

explorations of health behaviors such as sleep and physical activity. Consumer 
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wearable devices, such as the Fitbit, provide a low-cost, comfortable, and convenient 

way to estimate sleep quality and physical activity (de Zambotti, et al., 2018; Evenson et 

al., 2015). This objective measurement of physical activity and sleep greatly enhances 

our ability to measure everyday behaviors in real-time, thereby reducing the impact of 

retrospective bias and cognitive deficits commonly noted in methods relying on 

subjective recall.  

Mounting evidence supports the validity of Fitbit wearable devices for accurate 

assessment of physical activity levels (e.g., step counts; Evenson et al, 2015; Imboden 

et al., 2018; Paul et al., 2015). Technical limitations of consumer wearables for sleep 

assessment, however, are worthy of consideration. A review of currently available 

validation studies suggests that consumer sleep tracking devices have a high degree of 

sensitivity and can identify sleep periods with some accuracy, but demonstrate 

inadequate specificity (de Zambotti et al., 2018; Kolla et al., 2016; Mantua et al., 2016; 

Peake et al., 2018). Of the varied sleep measures assessed via consumer wearable 

devices (e.g., wake after sleep onset, sleep stages), total sleep time has garnered 

support as a valuable and adequate measure of interest (Mantua et al., 2016). The most 

recent validation study of the Fitbit Charge 2—the proposed model for the current 

study—found it to be highly sensitive in sleep detection (0.96), and to overestimate 

polysomnography-determined total sleep time by only 9 minutes. Despite some 

limitations, the exponential uptake of consumer-based technologies projected over the 

next several decades underscores the value of examining the utility of these devices 

within clinical research and care. The inclusion of Fitbits for objective physical activity 

and sleep monitoring in aging and rehabilitation research addresses several gaps within 
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the literature, including longitudinal tracking of behavior and the generalizability of 

findings to a well-characterized older adult population with MCI. Moreover, leveraging 

consumer wearable technology to assess clinically relevant endpoints can enhance our 

ability to demonstrate the efficacy of novel therapeutic and/or preventative treatments 

for age-associated cognitive decline. 

Motivationally Enhanced CCT. 

Because of the heterogeneity of cognitive impairments noted in MCI populations, 

comprehensive, multi-modal cognitive training techniques, as opposed to focused, 

single domain cognitive interventions, are needed to fully address their rehabilitation 

needs. In addition to improving cognitive functioning, rehabilitation interventions should 

also include healthy lifestyle strategies and techniques to reduce emotional distress, as 

these can both protect against the development of dementia (Rosenberg et al., 2006). 

Motivationally Enhanced CCT (ME-CCT) is a novel psychosocial intervention with 

potential to modify disease progression given its adherence to a multicomponent 

approach to MCI rehabilitation (Huckans et al., 2013). ME-CCT is a manualized, low-

cost, low-tech, highly feasible group-based behavioral intervention (8 weeks, 2 hours 

per week, 16 hours total) designed to improve cognitive and everyday functioning in 

patients with MCI. The intervention is comprehensive (i.e., entails cognitive training, 

psychotherapeutic, and lifestyle techniques) and multi-modal: it incorporates CCT 

techniques designed to help patients manage problems with memory, attention, and 

executive functions (i.e., organization, planning, decision-making, and problem-solving); 

mindfulness-based stress reduction practice which has been shown to improve 

cognitive and neuropsychiatric function in various populations (Davis & Hayes, 2011); 
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psychoeducation on recommended guidelines for physical activity and sleep for optimal 

brain health, as well as brief motivational interviewing techniques to increase 

engagement in healthy lifestyle behaviors associated with reduced risk for cognitive 

decline, MCI, and dementia (Huckans et al., 2013; Arnáiz & Almkvist, 2003).  

Evaluating the efficacy of ME-CCT on modifiable lifestyle factors for MCI, and 

consequent impact on cognitive outcomes, has significant clinical, economic, and public 

health implications for the dementia epidemic. As such, the current study examined self-

reported sleep disturbance and physical activity levels in 74 Veterans with MCI, as well 

as objectively measured sleep and physical activity via the Fitbit Charge 2 in a subset of 

the sample (n=23), enrolled as part of a larger randomized controlled trial evaluating the 

efficacy of group-based ME-CCT compared to Goal-focused Supportive Contact (SC) 

on neurocognitive and functional performance (Cognitive Rehabilitation for Older 

Veterans with Mild Cognitive Impairment [I01 CX001592; 01/01/2018-12/31/2022]). SC 

serves as a robust control, group therapy intervention that provides the same frequency 

and amount of therapist and other group member contact as ME-CCT, but does not 

provide training in cognitive strategies, lifestyle strategies, or motivational enhancement. 

It has a primary focus on setting and achieving short or long-term goals. Focusing on 

goals is intended to provide “face validity” to potential participants and to enhance 

treatment attendance and reduce drop-out in this population. Sessions will typically 

include components of empathy and non-directive reinforcement of health, coping, and 

symptom management behaviors that grow out of group discussions, with only minimal 

therapist guidance. 
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Summary and Aims 

MCI is an etiologically heterogeneous syndrome characterized by cognitive 

impairment in advance of dementia. The impact of these cognitive deficits on daily 

functioning, however, does not preclude independence; therefore, patients with MCI 

may be particularly motivated and well-suited to participate in interventions to slow 

cognitive decline. Cognitive and lifestyle interventions targeting modifiable disease 

protective factors, such as increasing physical activity and improving sleep quality, can 

slow the rate of cognitive decline, but measuring physical activity and sleep has been 

impractical until now. Availability of well-validated and reliable subjective indices of 

physical activity and sleep in older adult populations offers a practical and cost-efficient 

method of evaluating these cognitively relevant lifestyle factors in larger, longitudinal 

studies. Moreover, the burgeoning availability of inexpensive, accurate wearable 

devices to objectively measure physical activity and sleep makes valid, unobtrusive 

measurement of these outcomes possible. The objective of the current study was to 

evaluate the efficacy of ME-CCT, compared to SC, in improving self-reported physical 

activity and sleep. The current study also examined the moderating role of baseline 

levels of self-reported physical activity and sleep on treatment effects on these 

outcomes. Finally, in a subset of the sample (n=23), exploratory analyses examined (1) 

bivariate associations, at baseline, among Fitbit-measured physical activity and sleep 

and the objective/subjective cognitive, lifestyle and psychosocial functioning, and clinical 

measures, as well as the relevant strength of these factors as predictors of Fitbit-

measured measured physical activity and sleep, and (2) the efficacy of ME-CCT in 

improving Fitbit-derived physical activity/sleep outcomes.   
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Specific Aim 1. Examine ME-CCT efficacy in improving self-reported physical activity 

levels and sleep.  

Hypothesis 1a: Compared to the SC group, participants in ME-CCT will report 

engaging in more hours of physical activity per week across baseline and follow-

up.  

Hypothesis 1b: Compared to the SC group, participants in ME-CCT will show 

improved severity of sleep disturbance across baseline and follow-up. 

Specific Aim 2a. Examine baseline physical activity levels as a moderator of treatment-

related changes in physical activity.  

Hypothesis 2a: The slope for the relation between visit and self-reported hours of 

physical activity per week will change based on both treatment group status and 

baseline number of hours of physical activity per week, such that, compared to 

the SC group, lower self-reported physical activity per week at baseline will be 

associated with increase in physical activity levels across time in the ME-CCT 

group. 

Specific Aim 2b. Examine baseline self-reported sleep disturbance as a moderator of 

treatment-related changes in sleep.  

Hypothesis 2b: The slope for the relation between visit and severity of sleep 

disturbance will change based on both treatment group status and baseline 

severity of sleep disturbance, such that, compared to the SC group, greater self-

reported sleep disturbance at baseline will be associated with improvements in 

sleep disturbance across time in the ME-CCT group.  

Exploratory Aims. (a) Examine baseline level associations and predictors of Fitbit-
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measured physical activity and sleep, specifically objective/subjective cognitive, lifestyle 

and psychosocial functioning, and psychiatric symptoms severity; (b) Examine the 

efficacy of ME-CCT in improving objective physical activity and sleep in models similar 

to those of aims 1 and 2. 
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Methods 

Participants and Procedures  

A total of 89 older participants were recruited in the parent study (clinical trial 

registration number NCT03225482) through the VA San Diego Healthcare System 

(VASDHS) and VA Portland Healthcare System (VAPORHCS); however, eleven 

participants did not meet eligibility criteria, three participants declined to participate in 

group sessions, and one participant was withdrawn due to an invalid signature on the 

study HIPAA form, leading to a final sample size of 74 (see Figure 1 for CONSORT 

Flow Diagram). Inclusion criteria include: 1) Veterans ≥55 years old who are able to 

provide informed consent; 2) Living independently; 3) Willingness to participate in audio-

recorded sessions; 4) Meet criteria for MCI based on previously published criteria 

(Petersen, 2004, 2011); 5) Concern about a decline in cognitive functioning expressed 

by a physician, informant, participant or nurse; 6) Cognitive impairment in one or more 

of the following domains: executive function, memory, attention, language or 

visuospatial abilities; 7) Normal or minimal impairment in functional activities; 8) Does 

not meet criteria for dementia. Participants will be excluded for: 1) Current substance 

use disorder with <30 days abstinence; 2) History of schizophrenia, schizoaffective 

disorder, or other primary psychotic disorder; 3) History of significant brain injury with 

loss of consciousness > 30 minutes; 4) Auditory or visual impairments that would 

prevent ability to participate in the cognitive rehabilitation group or benefit from 

compensatory strategies. 

As part of the parent study, two neuropsychologists determined whether 

individuals met criteria for MCI using comprehensive criteria (impairment defined as 
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performance on two or more tests in one cognitive domain that falls ≥ 1 standard 

deviation (SD) below normative expectations; Jak et al., 2009). Discrepancies were 

resolved by a third neuropsychologist who reviewed the data; participants were only 

included if consensus was reached. Eligible individuals were then classified into four 

MCI subtypes: (1) amnestic MCI-single domain characterized by isolated impairment in 

memory, (2) non-amnestic MCI-single domain involving impairment in a cognitive 

domain other than memory (e.g., language, executive function), (3) amnestic MCI-

multiple domain involving impairment in memory and at least one other cognitive 

domain, and (4) non-amnestic MCI-multiple domain characterized by impairment in two 

or more non-memory cognitive domains. 

Participants completed a comprehensive assessment battery at weeks 0, 4, and 

8, consisting of self-report questionnaires and performance-based tests of 

neurocognition and functioning. Performance-based tests were not administered at 

week 4, however, to reduce practice effects. The neurocognitive battery, specifically, 

was designed in part to confirm accurate diagnosis of MCI using published criteria (Jak 

et al., 2009; Petersen, 2004) and, therefore, confirm eligibility criteria. A subset of the 

randomized sample from the VASDHS site (n=28) was also assigned Fitbit devices as 

part of their study participation. 

Retention and reimbursement. Reminder phone calls were used to reduce the 

study attrition rate. Furthermore, the participants were compensated $50 after each of 

the first three assessments, and $75 after the fourth and final follow-up assessment, for 

a total compensation of $225. Additionally, VASDHS participants were given ownership 

of the Fitbit Charge 2 device at the end of the study as incentive to participate and 
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reduce attrition rate.  

Subjective measures.  

Physical activity. Self-reported physical activity levels were measured via the 

Community Healthy Activities Model Program for Seniors (CHAMPS) physical activity 

questionnaire (Stewart et al., 2001). Specifically, the questionnaire assessed the 

frequency and duration of participation in a comprehensive list of light, moderate, and 

vigorous activities during a typical week during the previous four weeks. Light intensity 

activities include walking leisurely, golfing with a cart, light housework, yoga, 

stretching/flexibility, and general conditioning exercises; moderate-to-vigorous intensity 

activities include walking briskly, jogging, dancing, golfing, walking, singles/doubles 

tennis, riding a bicycle/stationery cycle, swimming, water exercises, aerobic exercise, 

heavy housework, and gardening. The questionnaire takes approximately 15 minutes to 

compete; reporting of total weekly duration of participation in an activity is made easier 

via provision of several categories (<1 hour, 1–2.5 hours, 3–4.5 hours, 5–6.5 hours, 7–

8.5 hours, and ≥9 hours). In addition to total weekly duration of physical activity, the 

measure also allows for four total scores to be calculated, including frequency and 

energy expenditure for activities with metabolic equivalent (MET) values ≥3.0 (i.e., 

moderate and vigorous activities) and frequency and energy expenditure for all activities 

(i.e., light, moderate, and vigorous activities); however, total weekly duration of physical 

activity, across all levels of activity, was examined as the primary outcome in the 

analyses. The CHAMPS questionnaire has demonstrated adequate reliability and 

validity in diverse older adult populations, and is sensitive to change in activity levels 

following behavioral interventions (Cyarto et al., 2006; Harada et al., 2000; Moore et al., 
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2008; Stewart et al., 1997; Stewart et al., 2001).  

Sleep. Disturbance in sleep was measured via the Insomnia Severity Index (ISI), 

a psychometrically validated retrospective assessment of severity of sleep disturbance 

in the last two weeks (Morin et al., 1999; Bastien et al., 2001). It is composed of seven 

items that evaluate the severity of problems with sleep-onset, sleep maintenance, and 

early morning awakening problems, as well as satisfaction with current sleep pattern, 

interference in daily functioning, perceptibility of impairment attributed to the sleep 

problem, and level of distress caused by the sleep problem. All items are rated on a 

five-point Likert scale; total scores range from 0 to 28, with higher scores indicating 

greater severity of sleep disturbance. Moreover, sleep duration was derived from 

response to a single item assessment of weekly average hours of sleep on a cognitive 

activity inventory. 

Psychiatric & clinical symptom severity. Psychiatric symptom severity, 

considered as a covariate and moderator of outcomes in analytic models, was assessed 

as follows: depression symptom severity (Patient Health Questionnaire-9; Kroenke et 

al., 2001); anxiety symptom severity (General Anxiety Disorder-7 Scale; Spitzer et al., 

2006); post-traumatic stress disorder (PTSD) symptomatology (PTSD Checklist DSM-5; 

Weathers et al., 2013); subjective everyday functioning and cognitive complaints 

(Quality of Life in Neurological Disorders [Neuro-QOL] Applied Cognition: 1) Executive 

Function scale, which examines perceived difficulties in planning, organizing, 

calculating, and working memory and learning, and 2) General Concerns scale, which 

examines perceived difficulties in everyday cognitive abilities such as memory, 

attention, and decision making; Cella et al., 2011); recent frequency of engagement in 
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activities requiring mental exercise, a protective factor known to reduce risk of MCI and 

dementia. (Cognitive Activity Inventory [CAI]; Wilson, Scherr, et al., 2007; Wilson, 

Barnes, & Bennett, 2003); pain intensity and interference (Patient Reported Outcomes 

Measurement Information System - Pain Intensity and Interference Short Forms; Cella 

et al., 2007). For all measures, higher scores represent greater endorsement of the 

measured construct. 

Objective Measures.  

Physical activity and sleep. The Fitbit Charge 2, a non-invasive, water-

resistant, wrist-worn device, was used to measure participants’ activity levels and sleep, 

specifically step counts and total sleep time. The Fitbit uses a three-dimensional 

accelerometer to sense movement. It measures steps taken, distance walked, calories 

burned, active/inactive minutes, stationary time, heart rate, hours and quality of sleep, 

as well as stages of sleep. The Fitbit’s measurement of self-paced and prescribed 

intensity exercise has been validated against the Omron HJ-720IT accelerometer and 

direct observation. Furthermore, there is considerable support for the validity of Fitbit 

accelerometers in measuring physical activity (step counts) and high sensitivity of the 

Fitbit Charge 2 to detect sleep (de Zambotti et al., 2018; Evenson et al., 2015). Of the 

varied sleep measures assessed via Fitbit (e.g., wake after sleep onset, sleep stages), 

total sleep time has garnered support as a valuable and adequate measure of interest 

(Mantua et al., 2016), and the Fitbit is considered to overestimate polysomnography 

total sleep time by only 9 minutes (de Zambotti et al., 2018). Therefore, average total 

daily sleep time, along with average daily step count, were examined as the primary 

outcomes in the proposed exploratory analyses. 
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Upon enrollment, VASDHS participants were assigned to wear a unique Fitbit 

Charge 2 device on their non-dominant hand. A unique login ID and password was 

created for each participant to enable us to track their data on the Fitbit website; these 

data were uploaded during the weekly group sessions. When connected to a compatible 

device (i.e., study computer), data were automatically uploaded to the users' Fitbit 

accounts. The research team uploaded participants' data for adherence and 

assessment purposes each week. These data were then stored on a secure study 

server. The participants were allowed to keep the Fitbit device at the end of their 

participation in the study and guided through the procedure for establishing a new 

username and password, thereby terminating the research team’s access to their 

account. 

Fitbit data were collected continuously throughout the study. Fitbit data from 

baseline assessment (week 0) to first treatment session were aggregated to generate 

average baseline sleep and physical activity levels. At minimum three and up to 14 non-

consecutive days of Fitbit-recorded step counts and total sleep time prior to the start of 

the intervention were averaged to index baseline levels of physical activity and sleep. 

Mid-treatment levels of physical activity and sleep were indexed as the average of at 

least three days of Fitbit-recorded step counts and total sleep time circumscribed to +/- 

7 days of a participant’s mid-treatment assessment visit. Post-treatment physical activity 

and sleep levels were indexed as the average of at least three and up to 14 non-

consecutive days of Fitbit-recorded step counts and total sleep time within the 7 days 

leading up to the post-treatment or the 14 days thereafter.  

Cognition. Premorbid intellectual functioning was estimated using the Wide 
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Range Achievement Test-4-Reading (WRAT-4; Wilkinson & Robertson, 2006). All 

participants completed a comprehensive neuropsychological assessment battery 

measuring cognition in the following domains targeted in ME-CCT: memory (Hopkins 

Verbal Learning Test-Revised [HVLT-R; Brandt & Benedict, 2001]; Brief Visuospatial 

Memory Test-Revised [BVMT-R; Benedict, 1997]); attention/working memory (Wechsler 

Adult Intelligence Scale, Fourth Edition [WAIS-IV] Digit Span [Wechsler, 2008]; WAIS-IV 

Coding [Wechsler, 2008]; Delis-Kaplan Executive Function System [D-KEFS] Trails, 

Number and Letter Sequencing [Delis et al., 2004]); and executive functioning (D-KEFS 

Trails, Number-Letter Switching [Delis et al., 2004]; D-KEFS Color-Word Interference 

Test, Inhibition and Inhibition-Switching [Delis et al., 2004]). Furthermore, language was 

assessed using the Boston Naming Test (Goodglas & Kaplan, 2000) and D-KEFS 

Verbal Fluency (Delis et al., 2004) for the purpose of diagnostic evaluation to determine 

study eligibility. Finally, the Neuropsychological Assessment Battery (NAB) Daily Living 

Memory, Judgment, and Driving Scenes subtests (Stern & White, 2003) were also 

administered to assess memory skills, problem-solving skills, and driving/attention skills 

relevant to everyday functioning. A global composite score was calculated by averaging 

adjusted T-scores across all individual tests in the battery. 

Functional capacity. The UCSD Performance-Based Skills Assessment-Brief 

(UPSA-B; Mausbach et al., 2007) was used as an objective measure of functional 

capacity. The UPSA-B is a role-play-based test that measures ability to communicate 

efficiently and accurately and apply financial skills to simple (counting change) and 

more complex (paying a bill by check) situations. The Medication Management Ability 
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Assessment (MMAA; Patterson et al., 2002) was administered as a performance-based 

assessment of participants’ capacity to carry out a prescribed medication regimen.  

Hypothesis-specific Data Analysis Plan and Power Analyses 

Power analysis 

Using procedures described by Hedeker and colleagues (1999) for Random 

Regression Models (the RMASS program provided by Hedeker), the following 

assumptions were made to estimate the required sample size that would provide a 

minimum of 80% power across all hypotheses and their expected effect size: the mixed 

design of two groups (ME-CCT and SC) and time (3 levels, weeks 0, 4, and 8) where 

the slope is the dependent measure; alpha-level of .05, nature of the hypothesis (one-

sided), dropout rate (up to 20%), autoregressive covariance structure (with correlation 

between sequential assessments set at .60) of the longitudinal data, medium effect size 

as a between-group difference increasing linearly from 0 at baseline to 0.5 SD units at 

the last time point. These methods estimated that with a final sample size of 72 

participants (90, with a drop-out rate of 20%), the study will have minimum 80% power 

to yield a statistically significant result for a medium effect size.  

Statistical analysis 

Baseline differences between treatment groups were examined using parametric 

or non-parametric statistics for continuous variables, depending upon normality of the 

distribution, and chi-square tests for categorical variables. 

Aim 1. Mixed-effects models were conducted in R (R Core Team, 2017) with 

lme4 (Bates, Maechler, Bolker, & Walker 2015) and lmerTest (Kuznetsova et al., 2017) 

packages to examine treatment efficacy by evaluating group differences in the 
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longitudinal trajectories of the self-reported duration of weekly physical activity, as 

measured via the CHAMPS, over the intervention period. Maximum likelihood 

estimation was used and, consistent with the intent to treat approach, data from all 

randomized participants were included in analyses. The random effect of intercept for 

individuals was included in all models. Time in weeks was included in the model as a 

continuous predictor, and treatment group (ME-CCT [1]; SC [0]) was included in the 

model as a categorical predictor. Participants in the SC group reported, on average, 

significantly more weekly physical activity at baseline than the ME-CCT group 

participants (Table 1), so the baseline CHAMPS score (grand-mean centered) was 

included as a covariate in the model used to test hypothesis 1a. Additionally, models 

included the fixed effects of group, time, and the group-by-time interaction. Effect sizes 

are reported as correlation coefficients estimated from t statistics and degrees of 

freedom for regression parameter estimates and interpreted as follows: small = 0.10; 

medium = 0.30; large = 0.50 (Cohen, 1992). A similar model was run for hypothesis 1b 

by substituting hours of physical activity per week with self-rated total sleep disturbance 

severity. 

Aims 2a & 2b. Hypothesis 2a was tested using similar mixed-effects models as 

aim 1, with the inclusion of an additional fixed effect: a three-way interaction term 

between treatment group status, time, and baseline hours of weekly physical activity. 

The corresponding parameter estimate for this three-way interaction term was the 

primary outcome of focus. A similar model was run for hypothesis 2b by substituting 

hours of weekly physical activity with self-reported total sleep disturbance severity. 
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  Analyses for Exploratory Aims. (a) Pearson/Spearman correlations examined 

the bivariate associations between the Fitbit-measured baseline average total sleep 

time and step counts and performance-based measures of neurocognition and 

functioning, and subjective measures of psychiatric symptom severity and functioning. 

Analyses were conducted using SPSS version 28.0. (b) Mixed-effects models, as 

described above for aims 1 and 2, were utilized to examine the efficacy of ME-CCT in 

improving Fitbit-measured physical activity levels (i.e., average step counts) and total 

sleep time across visits 1-3. 



29 

 

Results 

A total of 74 participants were randomized (see Figure 1), but 16 participants did 

not attend any group sessions (n=4 [50% ME-CCT] lost to follow-up; n=12 [50% ME-

CCT] due to COVID-19-related pause in research activities). Of those who attended at 

least one session (n=58), 54, or 93%, attended all treatment group sessions; two 

participants in the SC group attended 1 and 5 sessions, respectively, whereas two 

participants in the ME-CCT group attended 1 and 7 sessions, respectively. Of the 30 

participants enrolled/randomized at the VASDHS site, 28 (93%) accepted the Fitbit; 

however, data from only 23 participants were available due to study dropout or COVID-

19-related disruptions to study participation. All 23 participants had at least three days 

of Fitbit step count data at baseline to be included in analyses; 17/23 participants had at 

least three days of Fitbit sleep data and were included in analyses for this outcome. 

Sample characteristics. Table 1 shows the baseline demographic, clinical, and 

outcome measure characteristics. Briefly, the total sample was predominantly White, 

high school educated, and male. The CBSST-CCT and SC groups did not differ 

significantly on any variables, except for total weekly duration of self-reported physical 

activity, as assessed by the CHAMPS; the SC group, on average, reported more weekly 

physical activity (Mdn=15.00) than did the ME-CCT group (Mdn=9.50), U=423.50, 

p=.006, r =-.32. 

Aim 1. Examine ME-CCT efficacy in improving self-reported physical 

activity levels and sleep. Table 2 presents parameter estimates, p-values, and effect 

sizes for the effects of the group-by-time interaction for the mixed-effects models 

through the 8-week intervention period. For CHAMPS total scores, there was no 
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significant group-by-time interaction to indicate that the ME-CCT group showed 

significantly greater improvement in self-reported physical activity levels compared to 

the SC group (t[1, 137.83]=0.43, p=.669, r=0.04). Similarly, for ISI total scores, there 

was no significant group-by-time interaction to support ME-CCT-related differential 

improvement in self-reported sleep disturbance severity relative to the SC group (t[1, 

115.55]=1.21, p=.228, r=0.11; see Figure 2).  

Aims 2a. Examine baseline physical activity levels as a moderator of 

treatment-related changes in physical activity. Table 3 presents parameter 

estimates, p-values, and effect sizes for the effects of the three-way interaction terms 

(i.e., group-by-time-by-baseline CHAMPS total score and group-by-time-by-baseline ISI 

total score for the mixed-effects models through the 8-week intervention period. 

Hypothesis 2a was not supported; specifically, baseline CHAMPS total scores did not 

moderate treatment effects on this outcome over time (t[1, 135.88]=0.20, p=.840, 

r=0.02).  

Aim 2b. Examine baseline self-reported sleep disturbance as a moderator 

of treatment-related changes in sleep. Similarly, hypothesis 2b was not supported; 

specifically, ISI total scores at baseline did not moderate treatments effects on this 

outcome over time (t[1, 141.75]=0.39, p=.694, r=0.03).  

Exploratory Aims 1a. Examine baseline level associations and predictors of 

Fitbit-measured physical activity and sleep, specifically objective/subjective 

cognitive, lifestyle and psychosocial functioning, and psychiatric symptoms 

severity. At baseline, for Fitbit-measured physical activity (i.e., average daily step 

counts), bivariate correlations showed that higher CHAMPS total scores were 
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associated with greater Fitbit step counts (rs=0.57, p=.005). Moreover, higher scores on 

the Neuro-QOL Applied Cognition Executive Function scale, which is indicative of 

greater perceived difficulty with executive functions (e.g., planning, problem-solving), 

were associated with lower Fitbit step counts (r=-0.43, p=.043). At baseline, for Fitbit-

measured total sleep time, greater pain intensity (r=-0.49, p=.048) and pain interference 

(r=-.49, p=.047) were associated with shorter total duration of sleep. No other significant 

bivariate correlations were found for ISI total scores or Fitbit-measured physical activity 

or total sleep time (ps>0.05; see Table 4 for correlation coefficients).  

Exploratory Aims 1b. Examine the efficacy of ME-CCT in improving 

objective physical activity and sleep in models similar to those of aims 1 and 2. 

Table 2 presents parameter estimates, p-values, and effect sizes for the effects of 

group, time, and the group-by-time interaction for all mixed-effects models through the 

8-week intervention period. For the average Fitbit step counts, there was no significant 

group-by-time interaction to indicate that the ME-CCT group showed significantly 

greater improvement in objective physical activity levels compared to the SC group (t[1, 

45.05]=0.74, p=.473, r=0.11). Similarly, for the average Fitbit total sleep times, there 

was no significant group-by-time interaction to support ME-CCT-related differential 

improvement in objective sleep duration relative to the SC group (t[1, 39.10]=-1.57, 

p=.125, r=-0.24; Figure 3). Mixed-effects models examining whether the average 

baseline Fitbit step counts moderated treatment effects on this outcome over time 

showed that the results were not moderated by baseline objective physical activity 

levels (t[1, 45.83]=-0.80, p=.429, r=-0.12; Table 3). Similarly, average baseline Fitbit 

total sleep time did not moderate treatments effects on this outcome over time (t[1, 
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31.36]=-0.237, p=.814, r=-0.04).  
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Discussion 

 The current study aimed to examine the efficacy of an integrated and 

multicomponent lifestyle and cognitive intervention, i.e., ME-CCT, in improving 

subjective and objective physical activity levels and sleep. Moreover, the study also 

sought to identify the treatment-moderating role of lifestyle factors at treatment outset 

on study outcomes as well as factors associated with objectively measured lifestyle 

behaviors. Inconsistent with hypotheses, there was no evidence of ME-CCT related 

differential improvement in self-reported physical activity levels, as assessed by the 

CHAMPS, nor self-reported sleep disturbance severity, as assessed by the ISI. 

Moreover, baseline levels of self-reported physical activity and sleep disturbance 

severity did not moderate treatment-related effects on these outcomes over the 

intervention period. Exploratory analyses examining similar hypotheses related to Fitbit-

measured physical activity and sleep also did not show a differential positive impact of 

ME-CCT on either outcome. Despite these null findings, the high Fitbit acceptance rate 

(93%) and minimal alterations to the study design to integrate this technology within the 

study framework supports the feasibility and acceptability of wrist-worn consumer 

wearable technology within clinical research. 

Given that the ME-CCT intervention integrates components of lifestyle 

intervention strategies within its protocol, it is possible that the intervention was not 

potent enough to change physical activity or sleep, given its primary focus on cognitive 

training. As depicted in Figure 2, both ME-CCT and SC groups show changes, albeit 

non-significant, in the expected direction for both self-reported physical activity levels 

and sleep disturbance. Indeed, the SC group may have had some salutary effects on 
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physical activity and sleep if participants identified these as goals and received support 

for working on them. The lack of support for differential ME-CCT-related improvements 

across measures of behavioral functioning may also be explained, in part, by diminished 

power given failure to meet intended recruitment goals due to the COVID-19 pandemic. 

Based on initial power analyses, it was estimated that the current study needed 72 

participants (after accounting for 20% attrition) to have 80% power in detecting a 

medium effect. With an actual post-attrition sample of 54 participants, the study, in fact, 

had only 60% power to detect a medium effect. Recall bias inherent to self-report 

measures, and cognitive deficits within this clinical population, may have also led to null 

findings, although the CHAMPS attempts to circumvent the challenges presented in 

relying on self-report measures in cognitively vulnerable populations through provision 

of various response categories. In terms of physical activity, the current sample was 

reportedly a relatively active group, with only 5% of the randomized sample (4/74 

participants) reporting less than 150 minutes of weekly activity at baseline, regardless of 

intensity, so it is possible that the treatment was not efficacious for individuals who were 

already physically active. 

 The use of Fitbit to assess lifestyle behaviors introduced the limits of the 

underlying technology (i.e., microelectronic triaxial accelerometer and proprietary 

algorithms) in accurately estimating the outcomes of interest; however, considerable 

support for the validity of Fitbit accelerometers in measuring physical activity and high 

sensitivity of wearable devices to detect sleep (de Zambotti et al., 2018; Evenson et al., 

2015) bolsters the integration of such technology in clinical research aimed at testing 

new cognitive and lifestyle treatments to improve age-associated cognitive impairments. 
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It is also unlikely that the methodological limitations of the Fitbit device impacted the 

investigation of treatment-related changes, as these limitations equally applied to 

participants in both treatment arms of the study, thereby reducing concerns about 

confounding effects. The limited evidence-base supporting the validity and reliability of 

consumer wearable devices, including Fitbits, in older adults—an age group with 

greater prevalence of chronic diseases and mobility limitations—underscores the need 

for further investigation to examine the utility of commercially available devices in health 

promotion and clinical research. 

Although the primary study hypotheses were unsupported, analyses examining 

factors associated with Fitbit-measured behavioral functioning found that greater 

perceived executive dysfunction, such as difficulties with planning and organizing, was 

associated with lower levels of objective physical activity levels. This finding is 

consistent with an expanding evidence base underscoring the importance of executive 

functioning capacities (e.g., cognitive flexibility, self-monitoring, goal planning and 

execution, inhibition of reward seeking through behaviors that minimize energetic costs) 

in health behavior engagement and mobility in general (Gothe et al., 2014). Although 

the cross-sectional design of the current study precludes causal conclusions, 

accumulating evidence suggests that the relationship between lifestyle behaviors and 

cognitive abilities is likely to be reciprocal. For example, an investigation examining the 

longitudinal relationship between decline in cognitive functioning and physical activity in 

adults aged 50-90 found a time-ordered effect: the level of cognitive ability, particularly 

within the domains of memory and executive functioning, had a stronger influence on 

engagement in physical activity and its trajectory than the influence physical activity 
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levels had on subsequent changes in cognitive functioning (Cheval et al., 2020). On the 

other hand, research by Fanning and colleagues (2017) found that substituting 30 

minutes of sedentary time with either moderate-to-vigorous physical activity or sleep 

bolstered executive functioning and self-regulatory strategy use.  

Unlike for Fitbit-derived physical activity, pain intensity and interference emerged 

as the only modifiable predictors of Fitbit-derived sleep duration, with greater pain 

intensity/interference associated with shorter average duration of sleep. As with the 

reciprocal nature of the relationship between physical activity and executive functions 

explored above, research suggests that this pattern of greater pain and poorer sleep is 

not simply a co-occurrence but, in fact, an interrelated process (Krause et al., 2019). In 

addition to sleep disturbance being attributable to the discomfort associated with pain, 

the link between poor sleep and pain intensity is theorized to involve a complicated 

distribution/interaction of neurochemical and neuroanatomical alterations. Inflammation 

is one mechanism that explains the relationship between sleep disturbance and pain in 

aging (Irwin, 2014). Sleep deprivation also enhances pain responsivity within the 

somatosensory cortex while blunting activity in the striatum and insula, regions with 

known involvement in modulating pain processing (Krause et al., 2019). These 

alterations may be due to cholinergic system dysregulation, considering the known 

inflammatory suppressive effects of acetylcholine (Rosas-Ballina & Tracey, 2009), 

which may also explain the interplay between sleep, pain, and neuropsychological 

outcomes, given the high density of cholinergic receptors in cognitively salient brain 

regions (e.g., hippocampus; Maurer et al., 2017). Although the average insomnia 

severity rating of the current sample (M=9.42, SD=6.65) places participants in the 
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subthreshold insomnia range, their average Fitbit-measured total sleep duration of 5.8 

hours (SD=1.12) falls within the range associated with inflammation (Irwin, 2014; Patel 

et al., 2009). This finding underscores the significance of assessing for pain in 

determining risk for poor health and cognitive outcomes in aging.  

 Although no other modifiable predictors of Fitbit-derived behavioral functioning 

were found, greater duration of self-reported engagement in physical activity on the 

CHAMPS was moderately and statistically significantly predictive of higher Fitbit-

measured average weekly step count. In contrast, both self-reported sleep disturbance 

on the ISI and sleep duration (derived from a single item assessing weekly sleep 

duration on the CAI) were modestly correlated with Fitbit-measured sleep duration, 

though these associations did not reach statistical significance. There may be several 

explanations for the differences in convergent validity between subjective and objective 

measures of sleep and physical activity. First, questions on the CHAMPS are presented 

in categories and framed in terms of duration (in hours) spent engaging in a particular 

activity on a typical day. The CAI sleep item, on the other hand, specifies the time 

window as a week in an open-ended format, which requires more cognitive effort and 

may not accurately index average nightly sleep as is purportedly captured by the Fitbit 

device. Additionally, prior research notes discordance between subjective and objective 

measures of sleep that is explained by various factors (e.g., gender, sleep 

characteristics, cognitive impairment; Van Den Berg et al., 2008), thereby highlighting 

the influence of systematic bias in self-report, which necessitates a nuanced 

interpretation of any significant association between these indices (Lauderdale et al., 

2008).  
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The modest associations between subjective and objective indices of behavioral 

functioning supports the growing understanding of perceived and objective behavioral 

functioning as related, but unique constructs, and underscores the best practice 

recommendation to include both subjective and objective measures of behavioral 

functioning within studies (Parker et al., 2008; Landry, Best, & Liu-Ambrose, 2015). 

Overall, the emergence of different correlates of Fitbit-derived sleep and physical 

activity in the current study supports our understanding of a highly complex, dynamic 

interplay among the risk and protective factors for cognitive decline. These findings 

underscore the need for a multi-faceted/holistic approach in cognitive aging 

rehabilitation efforts. In service of a triangulation approach to the assessment of 

behavioral functioning, in addition to objective and patient self-report, future studies may 

benefit from inclusion of informant report of lifestyle habits/behaviors to extend our 

understanding of these factors in cognitive aging. 

In addition to some of the limitations of the study considered above, it is worth 

noting that the current study’s sample is predominantly White and relatively highly 

educated, which may limit generalizability of the study findings. Self-selection bias may 

have also influenced sample characteristics and, consequently, the external validity of 

the study’s findings. Moreover, emerging evidence suggests that there are limitations of 

photoplethysmographic green light signaling, technology utilized by the Fitbit Charge 2 

and other consumer wearable devices, in accurately measuring health constructs such 

as sleep and physical activity in individuals with darker skin tones (Colvonen et al., 

2020). As such, future studies should consider their population characteristics in 

selection of consumer wearable devices for inclusion in studies and may benefit from 
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including multiple devices to examine measurement equivalence. 

 This is the first study to integrate consumer wearable devices to assess 

behavioral functioning as a treatment outcome in the context of a randomized controlled 

trial examining the efficacy of a multicomponent lifestyle and cognitive intervention, i.e., 

ME-CCT, for older adults with MCI. Although no treatment-related improvements were 

found on proposed outcomes, cross-sectional findings highlighted the role of perceived 

executive dysfunction and pain intensity/interference as modifiable risk factors for 

improved health behaviors and, likely, cognitive health. As commercially available 

health-tracking devices become more commonplace and technologically advanced, 

their utility in clinical research should be evaluated. In addition to the aims examined 

within the current study, this dissertation provides novel data regarding the acceptability 

and feasibility of consumer wearable technology within an MCI sample in the context of 

a longitudinal clinical trial. These preliminary findings warrant larger investigations of the 

utility of commercial technology integration within clinical research, particularly in 

rehabilitation research efforts with cognitively and medically vulnerable older adults.   
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Appendix 
 

 

         

Screened 
Screened Participants (n=89)  

  

    

  
11 ineligible  
    

  

 

   

     

     

  

Consented (n=78)   

  

    

 Enrolled     

      

      

  

 

  
 

      

  
  

  
3 declined to participate 
    

         
          

 Allocation 

 

Participants randomly allocated to treatment (n=75) 
 

  

  

 

 
 

     

  

ME-CCT (n=41) 
 
Dropped = 3 (lost interest in 
attending groups) 

• Before attending group = 2  

• After attending group = 1  
 
 
 

Withdrawn before attending any 
group due to COVID-19 = 6 
 
Tested at mid-point = 32  
Tested at post-treatment = 32    

SC (n=35) 
 
Withdrawn = 1 (invalid signature)* 
Dropped = 4 (3 lost interest in 
attending groups; 1 had a family 
emergency) 

• Before attending group = 2  

• After attending group = 2  
 

Withdrawn before attending any 
group due to COVID-19 = 6 
 
Tested at mid-point = 24  
Tested at post-treatment = 23     

        

   *excluded from analyses       

Figure 1  

 

CONSORT Flow Diagram
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Figure 2 

 

Mean of Self-reported Physical Activity and Sleep Outcomes by Treatment Group 
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Figure 3  

 

Mean of Fitbit Physical Activity and Sleep Outcomes by Treatment Group 
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Table 1 

Baseline Demographic, Clinical, and Assessment Characteristics 

 ME-CCT 
Mean (SD) 

(n = 41) 

SC 
Mean (SD) 

(n = 33) 

 
 

t or 𝝌𝟐 

 
 

p 

 
 

ES 

Demographic characteristics      
Age (years) 71.10 (8.49) 71.06 (7.14) -0.02 .984 -0.01 
Education (years) 13.98 (2.31) 14.58 (1.90) 1.20 .234 -0.28 
Race (%)   H=2.28 .632 0.19* 
Asian 5 0    
Black/African American 12 9    
Pacific Islander 2 0    
White 80 91    

Gender (% Female) 7 15 1.16 .281 -.13* 
Lifestyle factors      

CHAMPS total  12.50 (13.57) 17.31 (10.40) U=423.5 .006 -0.32 
ISI total  9.29 (6.51) 9.58 (6.92) 0.18 .857 0.04 
CAI nightly sleep duration 6.31 (1.98) 6.43 (1.51) 0.27 .791 0.07 
Fitbit physical activity** 4931.00 (2839.45) 6997.27 (2401.32) 1.88 .075 0.78 
Fitbit sleep*** 351.30 (61.60) 343.00 (79.08) -0.24 .811 -0.12 

Clinical characteristics      
PCL-5 total  24.17 (20.83) 18.97 (16.96) -1.16 .251 -0.27 
PHQ-9 total  9.22 (7.20) 6.91 (5.93) -1.48 .143 -0.35 
GAD-7 total  6.49 (5.51) 4.70 (5.14) -1.43 .157 -0.34 
PROMIS pain intensity total  7.78 (3.07) 7.82 (3.31) 0.05 .960 0.01 
PROMIS pain interference total  14.83 (7.53) 14.52 (7.82) -0.18 .861 -0.04 
CAI monthly total hours 646.85 (239.75) 685.39 (276.48) 0.64 .523 0.15 
MCI subtype (%)   H=0.45 1.00 0.03* 
Single - amnestic 6 5    
Single - non-amnestic 3 2    
Multi-domain - amnestic 31 25    
Multi-domain - non-amnestic 1 1    

Cognition/Functioning      
WRAT-4 reading subtest 101.24 (12.93) 101.39 (17.58) 0.04 .966 0.01 
Global cognition 44.91 (6.42) 43.86 (5.24) -0.75 .453 -0.18 
UPSA-B total  77.07 (11.99) 75.58 (12.54) -0.52 .602 -0.12 
MMAA total  25.71 (5.83) 26.19 (5.45) 0.36 .721 0.09 
Neuro-QOL AC      
Executive Function 32.15 (6.61) 33.85 (5.00) 1.22 .225 0.29 
General Concerns 24.95 (9.68) 27.09 (7.40) 1.05 .299 0.25 

*φ; **ME-CCT: n=12; SC: n=11; *** ME-CCT: n=10; SC: n=7 
Bold font denotes p<.05. CAI = Cognitive Activity Inventory; CHAMPS = Community Healthy Activities 
Model Program for Seniors; ISI = Insomnia Severity Index; MCI = Mild Cognitive Impairment; MMAA = 
Medication Management Ability Assessment; Neuro-QOL AC = Quality of Life in Neurological 
Disorders, Applied Cognition; PCL-5 = PTSD Checklist; PHQ-9 Patient Health Questionnaire; PROMIS 
= Patient Reported Outcomes Measurement Information System; UPSA-B = Brief UCSD Performance-
Based Skills Assessment; WRAT = Wide Range Achievement Test, 4th edition.
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Table 2 

Mixed Effects Models – Immediate Post-intervention Estimates for Effects of the Time-

by-Group Interaction 

 

 

 

 

 

 

 

CHAMPS = Community Healthy Activities Model Program for 

Seniors; ISI= Insomnia Severity Index 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measures Time x Group  

B SE p r 

Physical activity     
CHAMPS total 0.17 0.40 .669 0.04 
Fitbit step count 44.99 60.75 .463 0.11 

Sleep  
ISI total 0.16 0.13 .228 0.11 
Fitbit total sleep -5.86 3.73 .125 -0.24 
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Table 3 

Mixed Effects Models – Immediate Post-intervention Estimates for the Moderating 

Effects of Baseline Physical Activity and Sleep on the Time-by-Group Interaction 

 

 

 

 

 

 

CHAMPS = Community Healthy Activities Model Program for Seniors; 

ISI= Insomnia Severity Index 

 

 

Measures Time x Group x Baseline physical activity 

B SE p r 

Physical activity     
CHAMPS total 0.01 0.03 .840 0.02 
Fitbit step count -0.02 0.02 .429 -0.12 

 Time x Group x Baseline sleep 

Sleep     
ISI total 0.01 0.03 .694 0.03 
Fitbit total sleep -0.01 0.06 .814 0.04 
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Table 4 

Bivariate Correlation Coefficients of Demographic, Lifestyle, Clinical, Cognitive, and 

Functional Outcomes at Baseline 

 
Fitbit physical activity 

(n = 23) 
Fitbit sleep 

(n = 17) 

 r p r p 

Demographic characteristics     
Age (years) 0.07 .748 0.29 .255 
Education (years) -0.13 .547 0.43 .083 
Race*  0.32 .137 0.09 .720 
Ethnicity* 0.11 .628 0.19 .508 
Gender*  -0.06 .771 0.20 .432 

Lifestyle factors     
CHAMPS total score* 0.57 .005 -0.02 .928 
ISI total score 0.10 .653 -0.37 .150 
CAI sleep duration (hours) -0.45 .059 -0.25 .405 
Fitbit physical activity -- -- 0.16 .541 
Fitbit sleep 0.16 .541 -- -- 

Clinical characteristics     
PCL-5 total score 0.29 .175 -0.29 .266 
PHQ-9 total score 0.17 .453 -0.27 .303 
GAD-7 total score 0.40 .060 0.02 .948 
PROMIS pain intensity total score -0.08 .705 -0.49 .048 
PROMIS pain interference total score -0.03 .895 -0.49 .047 
CAI monthly total hours 0.14 .533 0.16 .543 
MCI subtype*  0.10 .640 -0.24 .350 

Cognition/Functioning     
WRAT-4 reading subtest 0.03 .908 0.18 .496 
Global cognition -0.23 .295 -0.02 .936 
UPSA-B total score -0.28 .193 -0.31 .230 
MMAA total score -0.27 .208 -0.04 .893 
Neuro-QOL AC     
Executive Function -0.43 .043 0.18 .488 
General Concerns -0.20 .351 0.01 .967 

*Spearman. Bold font denotes p<.05. CAI = Cognitive Activity Inventory; CHAMPS = 
Community Healthy Activities Model Program for Seniors; ISI = Insomnia Severity Index; 
MCI = Mild Cognitive Impairment; MMAA = Medication Management Ability Assessment; 
Neuro-QOL AC = Quality of Life in Neurological Disorders, Applied Cognition; PCL-5 = 
PTSD Checklist; PHQ-9 Patient Health Questionnaire; PROMIS = Patient Reported 
Outcomes Measurement Information System; UPSA-B = Brief UCSD Performance-Based 
Skills Assessment; WRAT = Wide Range Achievement Test, 4th edition. 
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